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The preaent-the seventeenth-volume of the Ac~punt of the Operations of the Great Ikigonometrieal Sumy of 
I d a ,  describes the Electro-Telegraphic Longitude Operntions undertaken in 1899-95-96, for the determination of the 
difference of longitude between Karachi and Greenwich ; the longitude station at Karachi had been previously wed in the 
Indian Electro-Telegraphic Longitude Operatione, and the arcs connecting it with Madras and other Indian longitude 
atations are described in Volumea IX, X and XV of this series. 

The following determinations of the longitude of Madraa were made prior to 1894:- 

Data 

1798 

1806 

1816 

1826 

1881 

1840 

1845 

1847 

1858 

1878 

1883 

1890 

1898 
F 

Longitude of Madm 

Authority 

Lambton ... 
hmbton  ... 
Wuren ... 
Go1dingh.m ... 
Taylor ... 
Biddle ... 
Taylor ... 
Everart ... 
Jacob ... 
Campbell ... 
Wdker ... 
S t b  ... 
Shahan ... 

dm 

0 , It 

80 16 30 

80 18 30 

8 0 1 7 ~ 1  

8 0 1 7 1 5  

80 15 55'5 

80 13 55'5 

80 14 19's 

80 15 56-55 

80 14 19.5 

80 14 51.a4 

80 14 50'03 

80 14 51.08 

80 14 5'-33 

i 

Book of Bsfexwnae 

driatic Raeeuchw, Vol. X. 

Ariatic Besecuchea, Vol. XIL 

G. T. S w e y  of India, VoL IL 

Becords of the M h  Obomstory. 

Vol. XVI, Memoin, & A. 8. 

Vol. XII, Yemoin, B A. 8. 

Vol. XVI, Memoin, R A. 8. 

Meridiod dm of India. 

Q. T. B a r r q  of India, VoL II. 

Annual Beport on the Tr ipnometr id  
Surrey of India for 1876-77. 

G. T. Survey of India, VoL IX. 

G. T. 8arrey of India, Vol. XV. 

Q. T. 8 w e y  of Indis, Vol. XV. - 

Time 

i n  r 
5 at 6.0 

5 11 14'0 

5 11 9'4 

5 11 9.0 

5 ti- 3'7 

5 to 55'7 

5 a0 57.a8 

5 21 3 

5 10 57'3 

5 to 59-416 

5 to 59'335 

5 to 59'405 

5 ao 59-41' 
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The last four values are different discussions of the same observations. NO account exists of Lambton's method of 
observation : his results alone remain on record. Warren's and Goldingham's values were deduced from the observations 
of Jupiter's satellites, and Taylor's from moon culminations. Riddle'e, Everest's and Jacob's values were obtained from 
discussions of Taylor's lunar observations. 

In 1874 the telegraphic longitude of Suez was measured by members of the Transit of Venus Expedition, and two 
years later the difference of longitude between Suez and Madras was telegraphically determined by Colo~iel (now General) 
Campbell and Colonel IIeaviside. The combined result of these two operations was to place the Madras Observatory 
in longitude 5 h  20" 59'-416, a value subsequently modified by General Walker to 5" 2om ~ 9 ~ 3 3 5 .  

The next modification made was in 1889: in the fourteen years previous to this date, a net-work of longitude 
triangles had been gradually thrown over the Indian Peninsula, the accuracy of the arcs of each triangle being tested by 
the smallness of the closing error; as early as 1876 the closing errors of the triangular circuits were considered unsatis- 
factorily large, in 1881 they averaged a quarter of a second of time, and in 1885 they became 80 large that i t  was 
considered useless to proceed with the work, unless their cause were discovered. 

I n  1889 these errors were proved to be due to imperfections in the object glasses of the collimators, and to 
eliminate the effect of these iniperfections a new method of calculating the collimation-constant was introduced : all the 
Indian arcs of longitude, including Bombay-Aden and Aden-Suez, had consequently to be computed de novo; the 
large circuit errors were then found to have disappeared, and the longitude of Madras became gh zom 59a.405. 

When all the Indian longitude arcs were finally adjusted in 1893, by a simultaneous reduction by the method of 
minimum squares, the difference of longitude between Bombay and Madras was increased by 0'-017, and the longitude of 
Madras made 5" 2om 5gs'422. 

The Longitude of the Great Frigonometrical Survey of India. I 
No change has been made in the original value of -longitude adopted for the Great Trigonometrical Survey of 

India; that value was Warren's value, 80° 17' 21"' and was introduced by Colonel Lambton in 1815. 

The precise error in the longitude of the principal triangulation is not, however, identical with the error in 
Warren's longitude of Madras: Kalihpur is the origin of the triangulation, and its longitude was fixed by Colonel 
Everest as follows :- 

Warren's longitude of Madras ... .. 
Difference of longitude between Madras and Kaliinpur found by triangulation . . . z 35 36.25 

Everest's longitude of Kaliinpur ... ... ... 77 41 44'75 

I n  Volume I1 of the Accouirt of the Operations of the Great Frigonornetrical S u r v y  of India, General Walker 
contemplated the possibility of the quantity 2' 35' 36N-25 having to be modified in the future, when his revisionary 
triangulation between Kalihnpur and Madras had been finally reduced," and when possibly Clarke's spheroid had been 
substituted for Everest's; but in 188% it was pointed out by hlr. Hennessey that the difference of longitude between 
Kaliinpur and Madras should be determined astronomically. I 

Theastronomical determination was made in 1889, and the difference found to be 2 O  35' 29"*49. The actual error 
therefore in the adopted longitude of the Great Trigonometrical Survey of India is 6"- 76 less than the error of Farren'a I 

Madras value. In 1840 Everest estimated the error in longitude of the Indian triangulation at about + 3' 30": in 
Vol. I1 of the Account of the Operations of the Great Trigonometrical Survey of India, General Walker, using Jacob's 
value of Madras, gave,it as about + 3', but in the interim between the printing and publication of that volume the first 
telegraphic determination of longitude was carried out, and in the preface to the volume General Walker reduced his 
estimate to about + 2' 3oW, the difference between Campbell's and Warren's values. In  Vol. XV of the Account of 
the Operations of the Great T~~igonometricul Survey of India, Colonel G. Strahan calculated the error to be + 2' 22".92. 

Origin of the Operations undertaken in 1894-95-96. 

I n  1891, at a meeting of the International Geographical Congress at Berne, the question was raised as to why the 
Government of India did not correct the longitude of its maps, instead of continuing to publish them with an acknow- 
ledged error of 2' 30". 

* The reriaion of the t r i m g b o n  gore the renult 2" 35' 36"'63: Everemti rpheroid WM employed both in the or ig id  and the reriniomq 
crloultonr. 



A discnsaion followed in India as to whether any such alteration was feasible, and upon examination the longitude of 
India was found even then to be not known with sufficient accuracy to justify a change. Colonel Everest had to deal with 
the same problem half a century before. The longitude of his triangulation had been made dependent on Warren's value 
for Madras, but as time went on, Taylor had improved on Warren's value, and Colonel Hodgson, the Surveyor General of 
India, had had other independent observations taken at  Calcutta: Everest had to decide whether he would make use of 
these later observations at Madras and Calcutta and substitute a new value of longitude for Warren's. His decision had 
best be given in his own words : "These data seem to me by no means suficiently conclusive to warrant any alteration in  
"the quantities employed by Colonel Lambton in all previous operations of the Great Trigol~ometrical Survey, for just in  
"the same manner as Mr. Taylor has assigned a new value for the longitude of Madras, some future astronomer may in- 
"troduce another alteration. I n  fact the actual determination of tlre terrestrial longitude of any place is too difficult 
l r  and delicate a question to rest on a small number of observations, and if every new set of determinations were appealed 
r r  to as a test, there would be no end to the shifting of the origin : wherefore it seems to me better for the present at least 
"to use the same value as that employed by Colonel Lambton". 

I n  1815 Captain Warren's value was the best attainable, but in 1877 it was rendered obsolete by the telegraphic 
determination wid Mokattam and Suez. Unfortunately this latter measurement, superior as i t  was to all previous results, 
had itself been subjected to somcwhat severe criticism, and though it was sufficiently accurate to prove conclusively the 
existence of considerable errors in Warren's and Taylor's values, it was held to have been by no means determined with 
the highest accuracy attainable. I n  Volume I of the Annals of the Cape Observatory, Sir Dayid Gill, K.C.B., F.R.S., 
H.M.'s Astronomer at the Cape, discrusiug the longitude of the Cape of Good Hope, which like that of Madras depends 
on the telegraphic determinations between Greenwich, Mokattam, Suez and Aden, writes: "The weak point of this 
"result is unquestionably the determination of the longitude Greenwich-Aden. Neither of the two aeries of operations 
"on which it depends was executed with such refinements or precautions as are necessary for the determination of funda- 
"mental longitudes, nor indeed, so far as I know, were these operations planned with a view to the securing of more 
" accuracy than would amply suffice for Transit of Venus purposes. 

"For refined purposes, the results of the British Transit of Venus party are vitiated by the extraordinary variations 
"of the Personal Equation of the observers engaged in the determination of the Greenwich-Mokattam longitude, the 
"results varying over a range of six-tenths of a second of time on the seven nights upon which Personal Equation was 
" determined. 

" For the longitude Mokattam-Suez there is no comparison of the Personal Equation of the observers before the 
"expedition and only a somewhat unsatisfactory one after it". 

I n  1893 when the reliability of the Mokattam-Suez-Aden arcs was under discussion, an astronomical party war 
ordered to proceed to Baluchistan and Persia to determine telegraphically the longitudes of points on the Makr6n Coast 
and in the Persian Gulf. An opportunity was thus presented of obtaining ti1 Tehran a new and refined determination 
of the longitude of Madras. 

The opportunity was taken, and the party was ordered to extend their operations through Persia and Europe t o  
Greenwich. 

Results o j  the Observrrtiona describes in this Volume. 

The plan of the operations of 1894-95-96 is illustrated on Plate V I I :  six arcs of longitude were observed, the 
resulting values being as follows :- 

; 

. ProbrbIe 

I 

f o.0057 

f 0.0095 

f o.ow' 

f 0.0083 

f 0.0068 

f 0'0058 

Arc 

Karachi-Jask ... ... ... ... 
Jask-Bushire ... ... ... ... 
Karachi-Bushirr ... .., ... 
Tehnn-Bushire ... ... ... 
Tehran-Potadam .., ... ... 
P~tsdarn~Greenwich ... ... ... 

Observed Difference of 
Longitude 

h n ,  J 

0 36 59'697 

0 27 45'05i 

I 4 4 4 . 8 1 1  

o z at-443 

2 33 2 4 . 2 2 8  

0 52 15'953 
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The finst three of these arcs form a circuit, and its closing error may be deduced thus :- 

A m  s 
Karachi- Jask ... ... ... ... o 36 59.697 
Jask-Bushire ... ... ... ... o 27 45.057 

Bum - - -  1 4 44'754 
Karachi-Bushire ... ... ... ... I 4 44.812 

Closing error . ... 0.058 

The value to be adopted for the difference of longitude between Karachi and Bushire ia obtained as follom :- 

h m  s s 
... Karachi- Jaak ... ... o 36 59.697 f 0 . ~ 5 7  
... Jask-Bushire ... ... o 27 45'057 +o.oog5 

... Karachi-Bushire (indirect) ... I 4 44'754 +omorro 

... Karachi-Bushire (direct) ... I 4 44.812 +o.oog;r 

Mean value, regard being paid to weights 1 4 44'787 ko'oo73 

The longitude of Madras can now be calculated, the values of the three arcs connecting Madras and Karachi be- 
ing taken from pagea 440 and 441 of Volume XV of the Account of the Operations of the Great 7kigonometrical Survey 
of India. 

The error i n  the value of longitude adopted fo; the triangulation of the Great Trigonometrical Survey of India ir 
thnr + a' 27'' 18, being equal to (80° 17' 21' - 80' 14' 4jrH-06 - 6". 76). 

The Valuea of Longitude employed in Indian Maps. . 
Prior t o  the year 1900 there had always been two values of longitude employed in the mapping of the Survey 

of India. The Atlas Sheet8 had been based on Lambton's value (1805) for the longitude of Madras Observatory, aiz., 
80° 18' 30' : the Standard Sheets and all other mapping had been brought into accorda~~ce with the Great Trigonometrical 
Survey of India and based on Warren's value (1815) for the longitude of Madras, viz. ,  80' 17' 21'. I n  1878 Gene& 
Campbell's and Colonel Heaviside's Electro-Telegl-apl~ic observation8 of the difference.of longitude between Madras, Aden 
and Suex showed that Lambton's and Warren's vn111es were too large, and placed Madras in longitude 80' 14' 51" : the 
error in the longitude of the Great Trigonometrical Survey of India waa therefore shown to be !2' 30". After the com- 
pletion of the Campbell-Heaviside determination a footnote was added to the maps of the Survey of India : on the Atlar 
Sheeta this note ran thus :- 

Am 

PotAm-Oreennioh ... 
... Tehran-Pobdam 

Tehrur-Bunhire ... 
-hi-Buahire ... 
Bombay-Karachi ... 
Boluum-Bombay ... 
M h - B o l u a m  ... 

All Longitudes require a correction of - 1' 9' to reduce them to the origin of the h a t  'Rigonometrical Bnrrey, mar., the Madm 0-g 
U e n  M 80" 17' 21" J h t  of Greenwich, and a further correction of - 2' 30" to reduce them to the latest value 80' 14' 61" of that observatory. 

Probable 
Error 

r 
f 0.0058 

f 0.0068 

f 0'0083 

A 0'0073 

f 0-0139 

f 0.0061 

f 0.0085 

Difference of 
Longitude 

h m  r 
o 53 15.953 

t 33 a4.218 

o a a1'#3 

1 4 44.187 

o a3 12.196 

o aa 48.801 

o 6 54.615 

On the Standard Sheets and on all mapping based on the Great' Trigonometrical Survey the footnote w a ~  u 
followa :- 

The Longitude8 are referrible to the Greenwich Yeridian, taking that of YedrPe ObeemtorJ ss 800 17' 21" gult. They ntq& a oo~so. 
Ciosr ot - Z' SO' to t o e  them accord with the moat recent value of that obeervatory, sk., 8800 14' 61". 

Station 

. Potadam ... 
... T e h m  ... 
... Bushire ... 
... K w h i  ... 
... Bombay ... 
... Bolarum ... 
... Msdm ... 

Probable Error Longilude East of Greenwich 

I n  Time 

r 
f 0.0058 

f 0'0089 

f o'orta 

f 0.0141 

f 0.0193 

f o - o r o ~  

f 0.0119 

In Time 

h r n  J 

o 52 15'953 

3 25 40.181 

3 r j  18.738 

4 18 3.525 

4 51 15-frr 

5 14 4 . 5 1 ~  

5 to  59.137 

In Arc 

. 
f 0.087 

f 0.134 

f 0.183 

A o.tr3 

f 0.188 

f 0.301 

f 0.319 

In Aro 

0 ' .  

13 3 59'30 

51 15 1'71 

5049 41'07 

67 o 52.88 

71 48 55.81 

78 31 7'83 

80 14 47.06 
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In  1896 the observations of the difference of longitude between Karachi and Greenwich vid Tehran and Potsdam, 
described in this volume, were completed, and placed Madras in longitude 80" 14' 47".06, thus increasing the apparent 
error of the Great Trigonometrical Survey to 2 34"". 

In  the year 1900 the construction of a Map of India and Adjacent Countries on the scale of +$ was commenced, 
and the question arose as to whether. its longitude should be madeto accord with that of the Great Trigonometrical Survey, 
or with the most recent determination, or whether a value of longitude should be obtained by combining the result of the 
Peno-European Arcs with that of the Aden-Suez Arcs, or with those of the German and American determinations. After 
full consideration it was decided'by Colonel Gore, jirstly to give the Map of India and Adjacent Countries a new and 
correct value of Lo~~gitude, instead of continuing the value adopted by the Great Trigonometrical Survey, and secondly 
to adopt for the new value the determination, made in 1894-96 by Captains Burrard and Lenox Conyngham, vid Karachi, 
Tehran and Potsdam and desmibed in this volume. 

Another question, however, had to be decided : Kalihpur is the origin of the Indian Survey : the Madras Observatory 
happened to be the place at which the earliest observations for longitude were taken : and the method which Colonel Everest 
employed of determining the longitude of Kalihpur was to accept a value for the longitude of Madras and to calculate 
the differential longitude of KaliBnpur by means of the triangulation. The question that had now to be decided was : 
should the new value of longitude, which was to be introduced into Indian mapping, be made to accord with the 
astronomical valne of Madras or with that of KaliBnpur? 

The difference of longitude between Madras and Kalignpur as determined astronomically ia 7"*14 km than as 
measured by the revisionary triangulation. We do not know the cause of this discrepancy : the astronomical value may 
have been affected by Himalayan or continental or local attraction; the value deduced from the triangulation may hare been 
rendered incorrect by the employment of Everest's values of the axes of the earth: it is not possible to say at present 
whether the astronomical or the geodetic determination is the more reliable. 

If the astronomical value for the longitude of Madras were adopted, viz., 80' 14' 47"'06, the longitude of Kaliiinpur 
calculated from the triangulation would be 77' 39' 1OW.43. If the astronomical value for the longitude of Kalisrllpur were 
adopted, viz., (80' 14' 47"-06 - 2' 35' 29".49) = 77' 39' 17".57, the longitude of Madras calculated from the triaagula- 
tion would be 80' 14' 584.20. The question at issue was not whether one alternative was more correct than the otber, 
but which of t i ~ o  equally correct methods i t  was more advisable to adopt. 

Kaliinpur waa made the astronomical origin of latitude by Colonel Everest in 1840 ; in 1900, Colonel Gore 
decided to make i t  the astronomical origin of longitude also :- the longitude of Madras will henceforth be deduced from 
the triangulation. A reference to Madras has to be retained in the footnotes on maps, because i t  is the only point at  
which a comparison between recent and former values of longitude can be instituted : the addition, however, of the word 
#' Geodetic" to the footnote shows that Madras has ceased to be the astr~nomical origin of longitude. 

I n  accordance with Colonel Gore's Departmental Order No. 13 of the 17th of May, 1900, the following footnote 
is now placed on sheets of the Map of India and Adjacent Countries on the scale of TVb :- 

The Longitudes are referrible to the Greenwich Meridian, taking that of Madm Observatory as 8 8  14' 64" Eeet, the moat recent Geodetic 
ralne. 

For newly engraved Atlas Sheets the footnote will in future be as follows :- 

The Longitudes are referrible to the Greenwich ~ e r i d i k ,  taking that of Msdras Observatory as 80' 18' 30" East. They require a correction 
of - 1' 9" to make them accord with the Great Trigonometrical Survey, and a further correction of - 2' 27' to make them accord with the most recent 
value of the Geodetic Longitude of Madras Observatory, mi., 80' 14' 64". 

For Standard Sheets and all mapping based on the*longitude of the Great Trigonometrical Survey of India, the 
footnote will in future be as follows :- 

The Longitudes are refemble to the Greenwich Meridian, taking that of Madras Obaerwtory as 80° 17' 21" East. They require a correction 
of - 2' 27" to  make them accord with the most recent value of the Qeodetic Longitude of that Observatory, mk., 80.14' 64.. 

The Longitnde and the footnote of every future map will have to be reconsidered. 

I n  the present volume the descriptive chapters and diagrams, and the tabular arrangement of the numerical details 
of the observations and reductions are due to Captain G. P. Lenox Conyngham, R.E. The volume was printed at  the 

A8 the footnote stated a correction of 2' 3V to be necesssry, when the value 80' 14' 61" was' believed to be the correct longitnde, i t  would 
have been but reasonable to aseame that the correction wodd have to be increased to 2' 34" when the valne SOo 14' 47" came to be substituted. But 
t h e  problem was complicated in the early yeam of the century by the introduction of two Btatione of origin, Kalihpur and Madm ; the triangulation 
of India waa made to emanate from Kalihpur, whose longitnde was unknown, and it picked up a valne of longitnde, when i t  connected with Madrss. 
I n  the old footnotes to maps it was tacitly warned that the aatmnomical valne of the Merence of longitude between Kalihpur and Madras did not 
differ from the value derived from the triangulation: the astronomical valne was, however, in reality 6"'76 less than the valne given by the old triangala- 
t ion and 7"'14 less than the value given by the revisionary triangulation. No cognisance wse taken of this discrepancy in the old footnotes; the 
observations of 1894-96-96 showed the true error in longitude of the Great Rigonometrical Survey to be 2' 27"; the "apparent" error 2' 34". deduced 
h m  a superficial conaideration of the old footnoks, wee 7" too large. 
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Office of the Trigonometrical Branch in Dehra D6n under the supervision of Mr. J. Ecclea, M.A., who has rendered 
valuable assistance to Captain Lenox Conyngham and myself in preparing the volume for publication. A portion of the 
volume was passed through the press by Mr. C. H. McA'Fee, Extra Deputy Superintendent, while 05ciating in charge 
of the Computing Office during the absence of Mr. Ecclea in England. The comparisot~ and conectior~ of the press- 
proofs were carried out under Babua Amba Prasad, Shoshee Bhushan Shome and Shiv Nath Saha, the Senior Computera, 
who have all rendered good service. The members of the Computing Office, who were employed on the computations and 
who have worked with great zeal, were Babus Shiv Nath Saha, Ishan Cl~andra Dev, Ganga Prasad MBtilur and Sarst 
Chandra Guha. Babu Sarat Kumar Mukerjee has superilltended the printing of the volume, and taken much intereat in 
the work. To all these officers my aincere thanks are due for their ,co-operation. 

On February 16th, 1896, General J .  T. WaIker died. He was Superintendent of t i e  Great Trigonometrical Survey 
of India from 1861 to 1883, and Surveyor General of India from 1878 to 1883. Under his guidance the Geodetic work 
of Lambton and Everest was widely expanded; the Vizagapatam, Bangalore and Cape Comoriu Base-linea were meaaured, 
portions of the Great Arc of Iudia and of the Great Longitudinal Arc were revised, sixteen series of Principal Triangu- 
lation were executed and the simultaneous reduction of the Triangulation of India was carried out; the Pendulum, I 

Longitude, Tidal and Spirit-Levelling Operations were initiated, and the Zenith Sectors were introduced for Latitude 
Observations. The first nine volumes of the Account of the Operations of the Great Trigonometrical Survey of India 
were published by General Walker. We have placed his portrait in the fore part of this volume as a memorial of his 
work and as a tribute of admiration. 

D I H B A  D U N :  6. 0. BUERARD, MAJOB, B.E., 
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PART 11. 

PAOB 
41 in headings of columns 11 and 12 from h m s ornii h 

61 col. 5, throughout table for 51 Cephei (Her.) read Cephei 51 (Her.) 

72 ,, 2, line 12 from bottom 

I I I ,, 6, throughout table 

,, v Piscium 

, 51 Cephei (Hev.) , 

, v Piecium 

, Cephei 51 (Hev.) 

172 ,, 2, line 7 from bottom , 6L~rae Y, B'LP 

%I9 ,, 5, ,, 3 ,, ,, S Ursae Mid. , 6 Ursae Min, 

220 ,, 5, ,, 12 ,, ,, 2 ~ r s a e ' ~ i n .  , 44 Ursae Maj. 

At the end of volume, in heading of Plate VI1 , Chart No. 1 , chart 

Jr Plate VII ,, Teheran Tehran 

7 p  in heading of Plate VIII ,, Chart No. 2 , Chart 

)I Plate VIII , Teheran ,, Tehran 
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CHAPTER I. 

INSTRUMENTAL EQUIPMENT. 

Equipmefit. 

The instrumental equipment which was used for the me~surement of all the Indian Longitude 
Arcs, as described in Volumes IX, X and XV, being in part nearly worn out, and in part superseded 
by more modern forms, new instruments, received from Europe and America in the summer of 1894, 
were substituted for the old and these will now be described, a comparison between the new and the old 
being given where it seems of interest. 

The Transit Iwtmmeats .  

The pair of sister instruments was made by Messrs. Troughton and Simms of Charlton, Kent. 

The object-glass of each has a clear aperture of 3& inches and a focal length of 36 inches. 

Tlle base, shewn in section in plate I, fig. 1, is a massive iron casting of oblong shape, which is 
placed with its greatest length east and west. At the east end there is a small extension with a central 
hole threaded to receive a screw, which screw bearing on a lewis let into the masonry pillar serves to 
raise or lower that end of the base and thus to level the instrument. At the other end there is a pro- 
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jection with a rectangular aperture which fits, with a good deal of. play, over a stud screwed into 
another built-in lewis; through the sides of this projection run two horizontal antagonising serews 
which bear against the stud and afford the means of adjusting in azimuth. Near the west end of the 
base there are two other projections, one north and one south, with slotted holes ; these projections rest 
on lewises and when the adjustments are complete can be clamped to them by screws passing through 
the slotted holes. 

No weight rests on the azimuthal stud, the eastern levelling lewis and the north and south 
lewises receive the whole of it, so that the base is supported at  three points only and is consequently 
stable. 

The base is hollow and in the cavity underneath is the arrangement for lifting the telescope from 
its bearings'for reversal. This consists of a lever, aa (Plate I, fig. l), pivoted.at the east end, while the 
west end rests on an eccentric cam, b, fixed to a horizontal axis which passes through to the outside of 
the base at its west end where it is fitted with a handle, c, by which it can be revolved through an arc 
of 180 degrees. When tlre handle is in its ordinary position of rest the lever is a t  its lowest, but as 
the handle is turned the cam causes the west end of the lever to rise until, when it has passed through 
an arc of 180 degrees, the lever attains its greatest elevation. Further revolution in the same direc- 
tion is prevented, so that the lever can only be lowered by allowing the handle to return to its original 
position. 

On the base a t  its east and west ends are securely screwed, each by 6 capstan-headed screws, 
the vertical pillars (see Plate 11) on which the transit mstrumeht rests; they are of cast iron, and 
their lower surfaces are planed so as to bear truly on the base. These pillars are 23 inches high so as 
to allow the telescope to revolve without either object endor eye end coming in contact witlr the base 
or with the rotator, a part to be presently described. Segmental gun metal bearings are brazed to the 
upper ends of these pillars and on these the pivots of the telescope rest. The form of these bearings 
is shown in Plate I, fig. 2. I n  a heavy instrument they are decidedly preferable to Ys, for the wear 
on the pivots is reduced owing to the surfaces in contact being more extensive. 

Midway between the pilltars the base is perforated by a hole bushed with a steel cylinder care- 
fully turned to fit the pivot of the rotator. I n  Plate I, fig. 1 the rotator is shewn, f being the pivot. 
This pivot rests on the lever, cra, which has been already described, so that when the handle is turned 
the rotator is bodily lifted to such a height that the pin g is clear of the base, and the rotator can 
revolve freely on its pivot. The pillars, hh, of the rotator are provided a t  their upper ends with 
crutches, jj', each crutch having a pair of friction wheels as shewn in the diagram. 

I n  the position rotator down these crutches are not in contact with anything, but on turning 
the handle they rise till they press against the conical horizontal axis of the telescope and eventually 
lift it  out of its bearings. The pin g is of such length that it is not clear of the base till the pivots of 
the telescope are clear of their bearings so that a 1  danger of revolving the rotator too soon and so 
knocking the pivots against the corners of the vertical pillars is avoided. Moreover the holes into 
which g can sink, one east and one west, are so placed that the rotator cannot be lowered unless the 
telescope is in the proper position for the pivots to drop into their bearings. 

To facilitate the finding of t h  correct position for lowering, a flat spring iu placed a t  one side 
of each of the holes intended to receive g, such that when the rotator is turned clockwise g slides over 
it, but if turned in the opposite direction is stopped By it ; and when g is in lighb contact with one of 
these springs the rotator is in the position for lowering, thaC is, g is directly over its hole and. the pivots 
over their bearinge. 
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Originally the pillars of the rotator contained springs which preseed the chxdehe$ Upwards 
against the telescope and so relieved the pivots of part of the weight. But this arrangement was found 
to cause a slight instability in azimuth and in consequence the springs were removed and the crutches 
after reversal allowed to drop clear. 

Each of the fixed vertieal pihrs has two sockets on its outer side into which a bracket to receive 
the illuminating lamp fits. 

I 

The telescope, as has been said, has an aperture of 3& inches snd a focal length of 36 inehea. 
The tube and horizontal axis are in one piece, not, ae in the old instruments, in three pieces screwed 
together and capable of being separated for transport. I t  ia open to question whether this change is 
altogether an improvement for though the telescope is not very heavy it requires a large box and so 
becomes somewhat unwieldy and decidedly unsuitable for mule transport. The base is as heavy, but 
not so large, and is besides so strong that it is well able to stand the rather rough treatment which 
always falls to the lot of heavy packages. 

The total length of the transit axis is 19: inches. Each arm is  conical, being 4+ inches in diame- 
ter where it joins the telescape t u b  and 2 inches in diameter just before it joins the pivot; the last inch 
before the pivot is somewhat thicker so as to give greater strength to the junction. 

The pivots are of bell metal 1g inches in diameter ; both are pierced, and tllrongh the one passes 
a brass rod which carries a t  its extremity the silvered reflector for throwing liglif upon the field of view, 
the other is merely closed by a glass window rand through it passes the light from the axis lamp. 

The two ends of the telescope tube are of equal length, viz. 18 inches. 

Both the object glass in its cdl, and the eye end which carries the micrometer, are attached to 
flanges on the main tube by three pairs of screws ; one of each pair passes through the part to which it 
belongs and screws into thh flange, the other is threaded throagh the former and presses against the 
latter. These screxs afford the means of f&ng;. 

The system of wires consists of five group of fivo emh, fr~stened to rt diaphragm msveabIe by a 
micrometer screw, and there is also another wire which may be considered fixed though it can be 
adjusted so as to be placed conveniently m a r  the position of no collimation error. The equatorial 
interval between adjacent wires is a b u t  2.3 seconds and between groups twice this amount, the value 
of 1 division of the micrometer had being 0-039 seconds. 

Six eye-pieces were provided with each instrument, two direet, two BiagonaI, anit for nadix ob- 
aervati~ns two Bohenberger, o m  straight and one diagonal. 

For star observations the diagonal eye-piece of power 70 was always used, and for levelling by 
mercury the diagonal Bohaenberger, of power. 6Q. 

When the  insbmenSs first arrived there waa a comb ih the micrometer of each fbr recording 
whole revolutions of the micrometer head, but i t  occupied so much of the field of view that it vas 
thought 6bjectimable and a small dial counter worked by the mieromster head was substituted for it. 

E&& Belescope.isprovidbd with a p i r  of setting cirdee 1 inches in diameter ad the uaud 
attached Zevds. The cirales are capable of being reaolved so as bo dlow of setting f ~ r  declination in, 
various latitudes, but as a matter of f a d  they were set to read zenith clistanees from the first and never 
altered. Tliere is also an  arrangement for clamping the telescope in altitude and a, slow motion mrew 
for final adjustment, but these were never made use of, except temporarily ; the instrument was always 
unclamped before a star mas, observed. 



ELECTBO-TELEGRAPHIC LONGITUDES. 

Plate I1 shows the transit in the position for observing a star. 

[CHAP. I. 

The principal dserence between the new transits and the old is that the new can be reversed with 
ease, without risk of any jar, while the old had to be lifted by four men acting together, carried round 
and then replaced. This operation which was attended by considerable risk of jar or derangement of 
the adjustments, so much so that reversals, though occasionally made in the middle of a night's work, 
were always regarded as undesirable and were generally made at  the close, so that tlie instrument might 
have time to settle and the observer to examine his adjustments before beginning again. The advantage 
of this power of rapid reversal is great, for formerly one night's work, however successful, did not ordi- 
narily give a complete value of the difference of longitude, which could only be obtained from the com- 
bination of several nights' observations including all combinations of the pivot positions of the two 
instruments ; whereas now each group of stars being divided into two parts, one observed in each pivot 
position, we obtain, so far as the star observations are concerned, a complete value from every group, or 
four values per night, according to the ordinary programme. The power of reversal also enables the 
determination of collimation to be made with one collimator instead of two, which slightly reduces the 
bulk of the equipment and is in many ways convenient. Further with the new instruments it is possi- 
ble to make nadir observations in mercury in both pivot positions and thus, by a comparison of the mean 
result with the mean of the collimator readings, to determine the inequality of the pivots. 

I n  fact the power of reversal gives the observer more complete mastery of his instrument, and 
though by a proper procedure all undetermined errors could be, and always were, caused to cancel in 
the work done with the old transits, yet the analysis of any unexpected or anomalous discrepancy was 
rendered more difficult and uncertain. 

The old instruments had one considerable advantage over t l ~ e  new as regards convenience of 
erecting, for the final adjustment in azimuth is now effected, as has been said, by a pair of antagonising 
screws working against a stud on a built-in lewis, and until the mortar or.cernent in which this lewia 
is embedded has thoroughly set, it moves more readily than the instrument, and so is useless. It is 
necessaiy in fact to adjust in azimuth roughly by hand, taking care that the stud is in the centre of ita 
play, and then to brick the lewis carefully in 'and leave it until it is quite firm. With the old instru- 
ments this waiting was not necessary, they could be adjusted as soon as they were placed on the pillars. 

The collimators which accompany the transits have objectives 3.128 inches in diameter, the same 
as in the transits themselves. Plate 111, figure 1, shows a collimator on its base. This base is a heavy 
circular cradle of cast iron standing on three foot screws, which in turn rest on circular iron slabs. 
The cradle consists of two parts so fitted together that 'the upper can revolve on the lower with a 
sliding motion. The upper part has at opposite ends of a diameter two segmental bearings in which 
the collimator rests. Thus the axis of the collimator can be made horizontal by the foot screws, 
and can be revolved in azimuth by turning the sliding part of the cradle, and finally the cross wires can 
be rendered vertical by means of .a pair of antagonising screws fixed to the base and working against 
a block attached to tlle tube of the telescope. Longitudinal movement of the telescdpe in its bearings 
is prevented by collars which encircle the tube and abut against the outer sides of the bearings. 
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The Chronograph. 

The clironographs were made by Messrs. Warner and Swasey of Cleveland, Ohio. Plate 111, 
figure 2, is a general view of one of the instruments. 

There are two main differences between them and the old ones, firstly the principle of the gover- 
nor, and secondly the fact that there is only one recording pen instead of two. Plate I, figure 3, is 
an elevation of the governor. There is a train of wheels driven by a weiglit ; the train ends in a bevel 
wheel which gears into another at the top of the governor spindle. When the machine is running the 
governor is caused to revolve with considerable velocity, and when more than a certain speed is reached, 
the governor balls rise, pivoting on the points, aa, the other ends of the rods which carry them rolling 
on the friction wheels, bb, up the arms, cc. 

The part, d, is a heavy gun-metal ring capable of rkvolving smootlily but somewhat sluggishly on 
the fixed central block, f, and to it is attached the arm, g, having a t  its end the projecting head, h, made 
of hard steel. At the end of one of the rods which carry the balls tliere is a hard projecting pin, p ; 
when tlie balls have risen to a certain height this pin, as it flies round, impinges on the head, h, so that 
the gun-metal ring, d, is carried round. This offers some resistance and the result is that the speed of 
revolution is reduced, the balls fall, disengaging p from h, and the governor runs free until the speed 
again increases and. the action is repeated. 

It might be supposed that the sudden knocking of the pin against the brake would abruptly 
check the motion and that it would be jerky and uneven, but this is not the case, the machine runs with 
beautiful evenness and steadiness of rate. The govelmor balls are heavy and thus when revolving 
rapidly their momentum is great, and the arm, g, being of considerable length and the moment of 
inertia of the ring, d, being small, no check of tlie movement occurs at  the moment of impact but the 
drag on the system caused by the sluggishness of d reduces the velocity in an even manner. I t  is 
important that d should move without undue friction and it is necessary to keep its bearing surface well 
oiled. 

To give means of regulating the speed of revolution the balls are weighted on one side, thus 
by turning them on their centres it is possible to regulate tlie distance of their centres of gravity from 
the spindle and so to alter the speed which is necessary to cause them to rise so far as to bring the 
brake into action. Graduations are provided so as to ensure both balls being similarly placed. Atten- 
tion must be paid to this for otherwise a great strain would be thrown on the central spindle. 

When the chronograph is not going a spring brake presses upon the flat surface below the bevel 
pinion of the gorernor and to start it, this must be drawn back by the attached lever. 

The connection between the drum and the driving gear is effected by prolonging the axle of 
one of the toothed wheels to the outside of the cover of tlie wheel-work ; this axle carries at  its outer 
end s disc, and near the outer edge of the disc a pin is fixed. A disc of similar size to the one alluded 
to already, is fixed to the inner end of the axle of the drum, and has 8 radial slots of such width ae 
to admit the pin easily, so that when the wheel-work is in motion this pin engaging in one of the slots 
causes the drum to revolve. 

The pen carriage runs on three small wheels which rest on ledges on the sides of the bed within 
which the screw wliicll imparts the longitudinal .motion revolves. Of these wheels two are flat- 
edged and rest on the inner ledge, and the third has a V edge running in a corresponding groove on 
the outer. 
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Two flexible wires connect the coils of the electro-magnet to terminals on the base of the 
chronograph and the current is led from one of these terminals through the spring brake mentioned 
above, before proceeding to the pen coil, and the brake is so arranged that the circuit is broken when 
the chronograph is stopped. 

The pen is controlled by the antagonistic action of an electro-magnet and a spring. The spring 
constantly pulls the armature to which the pen arm is attached away from the magnet, its influence 
being overcome when the current is passing through the coils. Tilere are means of adjusting the 
amount-of play of the armature, its proximity to the cores of the magnet and the strength of the 
spring. 

The original pens supplied with tlie instruments were the ordinary glass pipettes, they were grasp- 
ed by a holder which kept them nearly vertical and they rested with their points on the paper under the 
inflienoe of tlieir own weight. They worked tolerably well, but were very easily clogged by dust, and 
then it was difficult to clean them, moreover they did not draw so fine and sharp a line as the steel nibs 
formerly used, they were therefore subsequently discarded and replaced by nibs of the old type in suita- 
ble holders. 

The drum is 14 inches long and 7 in diameter, and as the screw which carries the pen carriage for- 
ward has 1 2  threads to the inch, 168 revolutions is the run of tlie chronograph on one sheet of paper. 
A revolution is performed in 1 minute so that the machine can run for 2 hours and 48 minutes. The 
circumference of the drum being 22 inches the lengtli of one second is 0.87 inches nearly. The paper is 
fastened to the drum by spring clips, one at  each end, a convenient arrangement as it only takes a short 
time to remove one sheet and put on a fresh one. 

It has already been remarked that there is only one recording pen instead of two as on the old 
chronographs. For the ordinary work of recording star transits this has some advantages. The pen 
carriage is lighter, the electrical arrangements are simpler and the necessity for applying a pen equation 
is done away with. A certain number of the records of the transit of a star across individual wires will 
ordinarily be lost by being confused with the records of the clock heats, but if a star is observed over 12 
or 13 wires, there are, in practice, always quite enough left to give a satisfactory result. The case is, 
however, different when a star near the pole is being observed, for its motion across the field is so slow 
that it is frequently not practicable to observe it over more than 3 or 4 wires, and the loss of one or two 
of these records is a serious matter. Still for star observations in general the single pen is on the whole 
satisfactory. 

When, liowever, we come to clock comparisons the case is very different, for if the clock beah 
happen to be coincident and the relative rate small, they will remain coincident for a considerable period, 
and then the difficulty of disentangling the one from the other is very great. The ordinary length of 
the beat as recorded on the drum when all is working well is about one-tenth of a second, and it cannot 
be made very much less without unduly relaxing the spring which acts in opposition to the electro-mag- 
net. It is clear therefore that on the average the beats will interfere with each other once in 5 times- 
the sum of the lengths of the two beats being one-fifth of a second-and this, it will be admitted, is a 
serious drawback. But when comparisons by cable are being made the probability of interference is 
enormously increased, for though the beats of the local clock are sl~ort and good, those of the distant 
clock, transmitted through tlie cable, are greatly elongated, being always one-third and frequently as 
much as two-thirds of a second in length, so that it is the exception to have the beats separate. Fur. 
thermore it is impossible with one pen to carry out satisfactorily experiments on retardation through 
looped wires, for, when the interval between two signals is small, interference always occurs. 
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5. 
The Cmmtstatoru. 

On Plate I V  will be found a diagram of one of the oommutators and the electrical apparatus, 
showing all the connections both permanent and temporary. The permanent connwtions are indicated 
by thick lines and the temporary by thin ones. 

At the right-hand lower corner of the diagram is a Morse key (A) of the ordinary form; the 
central binding screw of the key is joined to one tsrminal of a simple galvanoscope (B) from the other 
terminal of which proceeds the line wire, a lightning discharger being interposed between the instru- 
ment and the line. 

Above this is the Receiving Relay (R R). When the operations were begun this relay was one of 
the Siemens pattern with a resistance of about 300 ohms. I t  had been obtained from the Indian 
Telegraph Department and was very efficient on ordinary land lines, but it proved unequal to cable 
work. I t  was successfully used on the shorter of the two cable arcs, Jask-Bushire, but with difficulty, and 
on the long Karachi-Bushire arc it failed and each observer was obliged to borrow a large Allan and 
Browxi Relay from the Indo-European Telegraph Department. As soon therefore as it could be managed 
more sensitive relays, of the Stroh pattern, were obtained, and the old ones were discarded. 

I n  the diagram one of the new .pattern relays is indicated. They were made by Messrs. Elliott 
Bros. and proved decidedly better than the old ones and undoubtedly facilitated work on the very long 
Tehran-Potsdam arc. 

It will be noticed that one end of the tongue of the receiving relay is joined to the zinc pole of a 
small local battery, the other end of the tongue being connected to the binding screw, p, whence by 
suitable pegs the current can be led to various parts of the apparatus. 

At the centre of the board tliere is an ordinary Morse sounder (M). This was on several occa- 
sions replaced by a Morse 1nker with advantage. 

On the left-hand top corner is the sending relay (5). To allow the strong current of the line 
bnttery to pass t.11rough the clock would have been improper; a local circuit with a small battery was 
therefore formed, including the clock and the coils of a relay of low resistance, and also if necesgary, 
by inserting tlie appropriate pegs, tlie tappet and the coils of the chronograph pen; thus the beats 
of the pendulum of the clock were copied by the tongue of the relay, and one end of this tongue 
being in connection with the line battery and the other with the line wire, the beats were transmitted 
to the distant station. 

The sending relay is on the Siemens pattern. I ts  resistance is low, some 15 ohms ; the reason 
of this is that if i t  is desired to send clock beats to line and at  the same time to record them on the 
chronograpli, i t  is necessary to keep the total resistance of the local circuit low or the current will not 
be strong enough to work the pen. The pen coils have a resistance of about 18 ohms and that of the 
sending relay was with propriety made about the same. 

I n  the diagram a small local circuit containing only the clock, a relay and one cell is shown, 
and the ends of the tongue of this relay, not the terminals on the clock, are connected with the com- 
mutator. When the astronomical clock was used this arrangement was not necessary as there was 
no objection to allowing a current strong enough to work the pens and the sending relay to pass through 
it, but when the break-circuit chronometer was used i t  was desirable to keep the strength of the 
current very low indeed, and hence the arrangement shown in the diagram. 
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The commutator calls for little description. It is to be noted that parts similarly lettered are 
connected underneath by unseen wires, also that the long bar marked E is in connection with the plate, 
E E, carrying six binding screws, which lies to the right of the commutator. This plate is known as the 
local earth plate ; it is connected with the real earth plate and all wires which should go to earth are 
brought to one of its screws; thus, the second wires from the clock and the tappet though shown as 
going to earth were in reality brought to this plate. 

The pen and the tappet are indicated conventionally, but their connections can be easily traced. 
On the right is a small diagram showinggthe connections between the pen carriage and the terminals on 
the chronograph stand, and those between the latter and the commutator. 

Full particulars of the circuita required and the pegs necessary to produce them are given in 
ehapter 111. 

The CZoch. 

I n  addition to the two astronomical clocks which were used before, two break-circuit chronome- 
ters were obtained from Messrs. Bond of Boston, Mass. 

When first received they gave trouble and consequently the observers did not abandon their 
olooks, but their portability rendered them less liable to accidenta in transit, and they ultimately did 
good service, for both clocks received injuries and without the chronometers the work would have been 
seriously hindered. These chronometers have besides the usual boxes with gimbals, very good padded 
leather cases in which they were packed for travelling. The break-circuit arrangement is of the usual 
type, namely a wheel with 60 teeth which revolves once in a minute, each tooth as it passes knocking 
back a light agate-shod spring and thus separating two contact points. One tooth is cut away so as to 
mark the 60th second of eaoh minute by the absence of the usual signal. 



CHAPTER 11. 

New observatory tents were designed and made for the operations now being described. It mas 
not that the old ones would have been unsuitable for the new equipment, but that they were very heavy 
and consisted of many parts joined by screws or bolts, and the loss.of any part, during the voyage to 
some out-of-the-way place, would have been extremely inconvenient. The new tents though not quite 
so well shaped as the old ones are yet quite commodious enough and answer very well, their chief draw- 
back as compared with the old is that they are less able to withstand the shock of a gale of wind, still, 
if properly guyed, they can stand as much as any ordinary tent, and on longitude work there is always 
n house close at  hand so that, in the event of the weather being very bad, the telescope can easily be put 
in its box and conveyed to a place of security. This was in fact always done at  the close of each night's 
work at Bushire and Tehran where there was frequently a high wind. With the old transit instruments 
this would have been difficult and troublesome as the telescope had to be taken to pieces before being 
put in  its box, but with the new ones it mas the work of a, moment. Plate V gives a general view of 
the observatory, telescope, collimator and recorder's table. 

Pillar8 for the Ita8trument8. 

The pillar for the transit instrument is 2 feet 3 inches high, 2 feet 9 inches from east to west and 
1 foot 4 inches from north to south. The top of the pillar is not a continuous flat surface: for a space 9 
inches wide and 8 inches deep is left at  the middle so as to form a convenient recess for the tappet to 
occupy, whence it can be taken up by the observer whether he is sitting to the north or to the south. 



12 ELECTRO-TELEGRAPHIC LONGITUDES. [CHAP. U 

The collimator pillar is 3 feet 11: inches high, 2 feet 6 inches from north to south and 2 feet 2 
inches from east to west. The distance between this pillar and the transit pillar is 11 feet 3 inches. 
This distance is merely a matter of convenience, allowing the collimator pillar to be outside the tent 
and as near as possible without interfering with free access from all sides. The top is merely a plain 
fiat surface made as level as it can be by rough means. . 

The pillars rest on foundations sunk 2 to 3 feet below the surface of the ground, the excavation 
being of such a size as to leave a space 2 to 3 inches wide all round the pillar when built. The object 
of this space is to isolate the pillar from all surface tremors ; it was usually filled in with loose dry sand, 
lest small articles should fall into it and be lost. 

The pillars were always built as near as possible to the room in which the clock and chronograph 
were, so that the observer might be able to pass rapidly from the telescope to the chronograph and back 
again, in case any thing required his supervision. 

The observatory was furnished with a table, a chair and a lamp for the recorder, who had beside 
him a sidereal cl~ronometer which enabled him to warn the observer of the approach of a star. There 
were also two wicker stools of convenient height for the observer to sit on, and a broader wooden one on 
whioh he stood when taking observations by reflection in mercury. 

For this operation a shallow amalgamated copper trough was used, such as is described in 
Volume XV, page 37. It was supported on a little wooden table with three legs which stood on the 
iron base of the transit instrument. The table was of such a length and height that it formed a bridge 
across the horizontal bar of the rotator, without touching it. When reversing the instrument it 
was not removed, as the rising rotator lifted it bodily, carried it round and dropped it in the proper 
position for the next observation. The position of the trough being necessarily quite central, i t  was 
found that if the rotation were performed rather slowly, there was but little tendency for the mercury 
to be spilled. 

The Clock Pillar. 

At stations where it was necessary to erect a clock, a pillar was built to receive it. I t  was 
founded and isolated like the others. The lower portion is generally about 36 x 24 inches up to within 
a few inches of the ground level, where it is decreased to 24 x 24, leaving a ledge 1 2  inches wide in 
front; it is carried up at these dimensions for about 6 feet 8 inches. The ledge is convenient for sup- 
porting the clock when about to be bolted to blocks of wood which are built into the pillar for the pur- 
pose. I t  is very important that this pillar should have weight and rigidity sufficient to withstand the 
oscillation of the pendulum without vibration, which would have an immediate effect on the clock rate. 

At Greenwich and Potsdam the observers were allowed direct connection with the standard clocks 
of the observatories, and so the clocks which form part of the equipment were not used. 

Arrangement of Wires. 

The absence of the high masonry pillars on which the old transits were supported made it neces- 
sary slightly to change the arrangement of the wires in the observatory. 
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The most convenient plan was found to be to lead the wires to the top of one of the poles of the 
tent, and thence down the pole to the ground ; a trench was dug from the foot of the pole to one side 
of the pillar and the wires laid in this, they were fastened separately to the pillar just below ground 
level, and led round and up to the centre of the recess where they were joined to the flexible double 
cable of the tappet. It was necessary of course to m k e  at least one of the leads. of well insulated wire. 

Within the clock room the commutator was always placed quite close fo the chronograph, gene- 
rally on the same table, and the local batteries on the floor beneath i t ;  the wires connecting these were 
led direct from terminal to terminal, but other wires, from the clock, the observatory, the line, earth, 
&c., were all collected ovethead into one bundle and brought down through a hole in the commutator 
board, and then distributed from underneath to their appropriate binding screws. All the local circuits 
were metallic throughout. 

Batteries. 

No batteries were carried as past of the equipment, cella of suijicient number for the work being 
.borrowed locally from the nearest telegraph office. 



CHAPTER 111. 

SYSTEM OF WORKING. 

General Principlee. 

The most satisfactory system of determining the difference of longitude between two places is, ' 
no doubt, that of observing the same stars and recording the times of transit of half the number 
at both stations in terms of the clock at one of them, and those of the other half, also at both stations, 
in terms of the clock at the other. That is to say, each local clock would for half the night's work be 
graduating not only its own chronograph but also, through the line wire, the chronograph at the dis- 
tant station, and for the other half of the time would not be graduating either. 

' In  this way the time which a star takes to pass fiom the meridian of one station to that of the 
other is found, and the right ascension of the star need only be known with sufficient accuracy to 
identify it, for which purpose an error of 6 seconds would seldom be of any consequence. 

This system, however, entails the absolute control of a wire connecting the two stations for the 
whole period of work, and also presupposes that the line is in good order and that there will be little or 
no disturbance of signals due to induction or storms ; for, in the event of such occurring, frequent re- 
adjustments of the relay are always necessary, and to be constantly running from the observatory to the 
chronograph room and back again, is most disturbing to the observer and also causes the loss of many 
stars. 
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I n  cases where the use of the line can only be had for short periods a t  intervale through the 
night, or where, owing to bad insulation, variable weather or any such cause, the signals are unsatis- 
factory and constant adjustment of the relay is required, the most suitable system is that of recording 
t h e  times of transit of the same stars at  each station by its own clock and chronograph, and then a t  
certain pre-arranged times making direct comparisons of tlie clocks first on one chronograph and then on 
the other. The two comparisons are necessary in order to determine and eliminate the retardation of 
the  signals in passing from one station to the other. 

By this metliod the observer is always at  hand to supervise the working of the relay when 
signals are being received from the distant station, and furthermore when he is observing transits he is much 
less liable to disturbance on account of any failure of the signals calling for his interference. Occasional 
trouble may, and no doubt will, occur owing to the pens not marking, or an accidental contact causing 
a short circuit, or, a more serious matter, a failure on the clock's part to make or break circuit; but with 
a little experience an observer acquires the power of instantly localising the source of the mischief, and 
the fact that he has no connection with the distant station relieves him of all fear that the remedy may be 
beyond his reach. 

This method then is that most generally suitable, but there are causes which may make this also 
unattainable. 

I t  is evident that after the observer at  the eastern station has observed a set of stars an interval 
equal to the difference of longitude must elapse before the observer a t  the western station can do so, and 
if the difference of longitude is great, this gives rise not only to inconvenience but also to a great want 
of symmetry in the programme, for in the case of very long arcs of longitude it might easily occur that 
all the observations a t  tile eastern station would be taken before the comparison for the epoch of which 
the clock error is required, and dl those a t  the western station after it, so that interpolation to that epoch 
would not be possible. I n  practice, if the difference of longitude is more than about 60 minutes, the 
inconvenience and difficulty of using only the same stars a t  both stations become very great. 

There is mother source of difficulty in this metliod. If a t  both stationa there is a danger of the 
sky being partly obscured a t  night by passing clouds, then though each observer may, out of a good 
list of stars, obtain a fair set of observations, yet since only those stars are of use which are observed by 
both, the value of the night's work may be reduced almost to flit. This is an objection which would 
not have much weight in India where there are many fine nights, but in Europe i t  is important. 

The only way of avoiding these difficulties is to give up the attempt to observe the same stars 
at  both stations, and for each observer to determine the error of llis own clock by observations of stars 
that transit a t  a convenient time. If the right ascensions of the stars used were known with perfect 
accuracy, this method would introduce no new source of error, and would only be less advantageous 
than that of observing the same stars a t  both stations, on account of the additional labour involved in 
the computation of the stars' places. But, as a matter of fact, every right ascension has a probability of 
error of greater or less magnitude, and in order to keep this low it is necessary to select only well- 
observed stars from the best and most recent catalogues ; tliis seriously reduces the number of stars from 
which to make the programme, and results in a lengthening of the intervals between stars, which 
not only malies tlie work more tedious, but makes the periods during mliich the clock's rate has to be 
assumed to be steady longer, thus increasing the probability of undiscovered variation. 

When this system is employed no previous arrangement between the two observers is necessary 
except as regards the time a t  which the comparisons of the clocks shall take place. Each constructs 
his own programme with regard to liis own convenience, being careful, however, closely to imbed each 
comparison between complete determinations of his clock's error, or, better still, each complete determi- 
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nation of clock error between comparisons, if control of the wire can be obtained sufficiently often to 
allow of this. 

The conditions which prevailed during the measurement of the several arcs forming the chain 
connecting Karachi with Greenwich varied so greatly in every particular, that no fixed procedure could 
be adopted. Sometimes the system of observing the same stars at  both stations was used, sometimes 
the observers worked quite independently, and sometimes the two metl~ods were combined. 

As a precise account of the programme on each arc will be given in the chapter devoted to the 
arc itself, no more detailed information on this head need be given here. 

The ELectrical Arralagements. 

The new chronographs made by Messrs. Warner and Swasey have only one recording pen, and 
consequently the arrangements of the circuits differ considerably from that formerly in use. The 
following are the circuits which it is desirable to be able to form readily by means of the commutator, 
though all are not ordinarily necessary. The numbers which follow are those of the pegs which must 
be inserted in the commutator in order to form the combination required ; with their assistance the 
circuits will  be e a s i l ~  traced on Plate IV. 

1. Clock. Pen. Battery. For recording the beats of the clock on the 
drum of the chronograph. ... ... ... ... ..# 2. 14. 8. 

2. Clock. Pen. Observatory Tappet. Battery. For recording both the 
beats of the clock and any signals made by means of the tappet. 6. 4. 11. 20. 21. 

... 3. Pen. Tappet. Battery. For recording tappet signals only. ... 8. 14. 15. 

These three combinations are purely local and have no connection with the distant station. 

The next three include signals received from the distant station. To allow the current from 
the line wire to pass through the coils of the receiving relay to earth, pegs 23 and 26 must always be 
inserted. 

4 Receiving relay. Pen. Tappet. Battery. For recording any signals received from the dist,ant 
station and also any made locally with the tappet. ... 23. 26. 82. 16. 

6. Receiving relay. Clock. Pen. Battery. For recording signals from the 
distant station and at the same time the beats of the local clock. 23. 26. 22. 2. 

6. Receiving relay. Sounder. Battery. For conversation. ... ... 23. 26. 24 

Lastly there are three cases in which signals are sent to the distant station, for these pegs 23 and 26 
must be removed and peg 25 inserted, the last-named puts the tongue of the sending relay in connection 
with the line wire. 

7. Clock. Sending relay. Battery. For sending clock beats to 
distant station. ... ... ... ... 26. 1. 13. 8. 

8. Clock. Pen. Sending relay. Battery. For sending beats to line 
... and at the same time recording them locally. ... 25. 1. 12. 14. 8. 

9. Clock. Pen. Tappet. Sending relay. .Battery. For sending 
beats to line and recording both these and tappet signals locally. 26. 1. 13. 11. 20. 21. 
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For sending signals to line by the Morse key no special peg is necessary, for the key when 
depressed immediately makes connection between the line battery and the line wire. 

Of the above combinations No. 2 is the ordinary one for the recording of local transits, No. 6 that 
for making a clock comparison and No. 7 that for sending beats to line so that the other observer may 
do so. 

No. 6 is the position for the exchange of ordinary Morse signals, 

When the system is adopted of allowing each clock alternately to graduate both drums for half 
the night, Nos. 4 and 9 are the appropriate circuits. 

The Retardation of Signals. 

I n  making a comparison of docks by means of signals transmitted through a telegraph line, the 
results will differ according as the signal is sent from the west station to the east station or vice versd, 
the difference between the two results is equal to the sum of the times taken by a signal to pass from 
east to west and from west to east; and all that can be done is to assume that these times are equal and 
that consequently the mean of the two comparisons gives the true difference ; there is no alternative. 

I n  order, however, to give every possible justiilcation to this assumption several precautions are 
necessary. 

It is evident that the retardation is due partly to the time the current of electricity takes to pass 
from one end of the line to the other, and partly to the time which the various instruments take to act; 
moreover, the latter element depends both on the time which the current takes to magnetise the electro- 
magnet of the relay, pen or other instrument, and on the distanoe which the moving part has to go. 

I n  order to make the instrumental retardation as little likely to vary as possible, the system of 
using break of circuit, and not make, has been used throughout. This has tn70 advantages :-firstly, in 
that the demagnetisation of an electro-magnet is effected more quickly than the magnetisation, and 
secondly, in that when the instant of the break of circuit is that which is to be recorded, the amount of 
motion allowed to the pen or the relay tongue, is unimportant, for the instant it begins to move the 
signal is made ; on the make-circuit system the signal is not made till the motion is completed. Secondly, 
in order to make the time taken by the currentin passing along the wire likely to be the same in both 
directions, the battery power is regulated so that the currents received at  the two ends of the line are 
equal. And thirdly, the instlaments in use at tlie two stations are precisely similar, and care is taken by 

- the observers to adjust them in a similar manner. 

When a signal is sent from one station to another the following are the instruments which oome 
into play:- 

1. The sending relay at  the sending station. 

2. The receiving relay at  the receiving station. 

3. The chronograph pen at  the receiving station. 

When, however, the clock beats are being recorded locally there is a source of retardation in the 
local chronograph pen which balances with great exactitude that of the sending relay, so that any lag 
of the tongue of the sending relay behind the actual beat of the clock may be neglected, as i t  is the 
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same ss that of the signal jerk of the pen when the latter is in circuit;, and with which comparison ie 
actually made. 

The actual difference therefore between the comparisons made at  the two stations is equal to 
twice the time taken by the current to pass along the line + twice the armature time of the receiving 
relay + twice the armature time of the chronograph pen, on the assumption that the armature times at 
both stations are the same. 

Personal Equation. 

The relative personal equation of the observers was determined on as many occasions as possible 
by the observation of divided transits, in which both observers use the same telescope, one taking tlre 
transit of a star over the first eight or ten wires, and the other co~llpleting the observation of the same 
star over the last eight or ten wires, whence by reduction to the.centre wire avalue of t11e personal 
equation is at once obtained. This method repeated with: numerous stars-the observers alternating 
their order of observation-affords an excellent value of their relative personal equation. I 

As it is not unknown for the relative personal equation of two observers to have different valuee 
according as the apparent motion of the star in the field of view is from right to left or from left to right, 
which depends on the aspect under which the star is observed, that is to say, on whether the observer is 
facing north or south during the observation, care was taken to include in tlre programme a large 
number of stars of both aspects, and to deduce therefrom separate values of the personal equation, but 
no systematic difference between the two was revealed. 

The values obtained at  different places, however, show a slight variation with the latitude ; this 
is satisfactorily explained by Major Burrard in the following manner :- " Personal equation is probably 
an expression of the form (C, &- C, sec a), where C, is a constant representing the time taken for an eye 
impression to actuate the hand and C, is the constant equatorial interval between a transit wire and the 
point at which an observer estimates the star's bisection : C, is an interval of absolute time, C, of space 
reduced to time. The time taken by a star to traverse the space C, will increase with tlre declination 
and will be C, sec 8"' Now as the stars observed a t  any place lie within a certain zenith distance, i t  is 
evident that the mean declination will depend on the latitude. The variation from this cause is small 
and only becomes appreciable in high latitudes, where the secant of 6 begins to increase rapidly. 

Observations of divided transits were made with both transit instruments, but no difference 
between the results was found. 

Though the method of divided transits has been proved by long experience to be satisfactory, 
it ie nevertheless desirable, where possible, to arrange for a cancelment of the personal equation, so that, 
should there be any error in the adopted value, it may have no effect on the final result. 

The best practical method* of effecting this is to measure an arc twice, the observers changing 
places between the two measurements. The mean of the two values obtained is clearly free from all 

It would be more complete atill to make four measuremenb with the following change8 of plbce:-Calling the two nets of inshument8 A and B, 
and the two observen a and b, 

Id  Measurement Aa Bb 
2nd II Ab Ba 
8rd $1 Bb As 
4th 1, Ba Ab, 

bnt tU ia ro Iaborioas M seldom to be pwaibls. 
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effects of personal equation, and the difference between the two values ie a measure of it. This; method 
is not practicable unless there are rapid means of communication between the two stations. 

Secondly, if the Merence of longitude to be determined consists of two parts, there being 8 
central station, and the same observer remains throughout the work at the central station, the other 
travelling round him, the personal equation will enter with opposite sign into the two parts, so that 
it will be eliminated from the sum. It is to be noted, however, that the longitude of the central station 
will not be freed from an error in the adopted value of the personal equation. 

Lastly, if there be three stations and it be possible to measure the difference of longitude between 
every two, a circuit is obtained which affords a, most valuable test of the precision of the work. If  the 
same observer is at the west end of each arc, the personal equation will enter once into the direct m a -  
surement of the difference of longitude between the easternmost and westernmost stations, and twice 
into the indirect measurement consisting of the sum of the two partial arcs: if therefore the adopted 
value be in error, it will appear & the Merence between the direct and indirect measures. 

Pull advantage of all these methods wss taken, aa will appear in the detailed account of the 
operations. 

The Idiometer. 

A full description of this instrument, designed by Colonel W. M. Campbell, R.E., is given in 
Volume IX, Chapter V. Its object waa to afford a means of measuring an observer's absolute personal 
equation. It is unfortunate that it cannot be satisfactorily used when there is only one recording pen 
on the chronograph. ' Observations with it were taken, however, and though the results were not good 
enough to be incorporated in the final value of the personal equation, being more of the nature of 
indications than of measures, still, so far aa they go, they quite corroborate the evidence of the divided 
transit method. 

Tfie reading of the chronographic recoda. 

The chronographic record is transcribed-that is, converted into a numerical record- with th6 
aid of a glass scale of diverging lines, by which the position of a star's transit-signal between two 
second-signals of the clock can be measured in tenths of a second, while hundredths may be readily 
estimated by eye. It is evident that there is room for an effect of personality in this operation, and this 
was guarded against, as a rule, by causing the same person to transcribe all the records of an arc, that 
is to say, those of both stations, so as to free the deduced difference of longitude from the effect of any 
personal idiosyncracy of reading. In some cases, however, this could not be done, and then an equation 
was determined by allowing the two readers to transcribe the same record independently and comparing 
the results. The differences were found to be small. 

Plate VI  is rl, reduced facsimile of the chronographic record of an ordina~y night's work. 



CHAPTER IV. 

DETAILED DESCRIPTION OF THE METHODS OF OBSERVING. 

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

Peleecope Kwromete~.. The value of the micrometer screw is required for the determination' of 
collimation and level errors. It waa carefully determined by observation of circumpolar stars: the 
micrometer head was set successively to 0,100, 200, &c., and the corresponding times of transit recorded 
on the chronograph. 
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Determination of Collimation. 

The collimation error being defined as the distance between the central transit wire and the point 
where a line through the optical centre of the object glass and perpendicular to the transit axis cuts 
the plane of the wire diaphragm, it may be measured in terms of the micrometer division by intersecting 
the crossed wires of the collimator, placed approximately horizontal, with the central transit wire and 
noting the reading of the micrometer, and then reversing the telescope in its Y's, intersecting and reading 
again ; the mean of the two readings will then be that which corresponds to the position of the central 
wire when truly collimated. 

This method was employed wherev~r a collimator was available. 

I n  the form on which the determinations are recorded the reading of the micrometer when the 
collimator cross was intersected, the telescope being in the position I.P.E., is called CE, and in the 

position I.P. W., Cw while the mean of two = CE + Cw 
2 is called Co. 

For actual observation the micrometer was always set to a convenient whole number not 
differing largely from C,; this arbitrary number is called Cs and tlie collimation correction for the 
position I. P. E. is = C, - Cs and is called cE, that for I. P. W. is = C, - Co and is called cw. For 
each star the quantity cE or cw, as the case may be, has to be multiplied by a factor c = m sec 6, where 
m is the value of 1 division of the micrometer in seconds of time, and 8 ii the declination of the star. 

Determinatio~ of Zevel Error. 

The dislevelment of the instrument was always determined by the use of the mercury trough. This 
method is extremely convenient and satisfactory especially when, as in the present case, the transit ins- 
truments can be rapidly reversed without jar. 

It is clear that if the central wire be truly collimated, the supports at  precisely the same level, 
and the pivots equal, the reflection of the wire from the mercury and the wire itself will coincide. If 
they do not coincide the amount by which the wire must be moved to produce coincidence is a measure 
of the dislevelment of the rotation axis, and this amount in terms of the micrometer divisions is the 
dislevelment sought. To determine this we have therefore first, by means of the collimator, to find the 
number C,, then turning to the nadir, to produce coincidence between the central wire and its reflection 
in mercury and to note the micrometer reading. The difference between this reading and C, is the 
dislevelment for the position of the telescope in which the nadir observation was made. For the position 
I. P. E. the reading is called ME and for I. P. W. Mw. The proper sign for the corrections, b, and b,, is 
given by the formulae Co - ME = bg, and Mw - Co = &, respectively. 

For the correction of star transits no further information is required, but we do not as yet know 
whether the dislevelment is due to unequal height of supports or inequality of pivots, i t  is clear however 
that any difference between bE and bw must be due to the latter cause. I n  fact the difference between 

the height of the supports is = bE + bw 
-9 and the inequality of pivots is = ht -bw or Co - M E  + Mw 

2 2 a *  
Calling the mean of ME and Mw M,, we have the inequality of pivots = Co - Mo. If the quantity 
has a positive sign it denotes that the illuminated pivot is the smaller. The quantity I& was taken out 
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for each occasion on which nadir observations wem made and its steadiness is a useful check on the  
accuracy of the readings M, and Mw. 

There ie a slight objection to this method of determining the inequality of pivots, in that C, 
depends on the intersection of the collimator cross with the central wire, and M, on the superposition of 
the wire on its image, so that any temporary idiosyncracy would not necessarily affect both operations 
equally and they would thus not be strictly comparable. The result is that C,-M,, is not quite trust- 
worthy, but this does not affect the value of the difference of longitude, for ME and Mw are quantities 

M'-Mw is an excellent measure of the difference in height of the sup of precisely similar kind so that, 

ports and all effect of the remaining part of the dislevelrnent, due to pivot inequality, is eliminated by 
observing equal numbers of stars in the positions I.P.B. and I.P. T. 

The observers had intended to take observations for dislbelment with the striding leveb also, as 
an additional check, and also in order to ascertain, by a method not open to the objection described above, 
a value of the inequality of pivots, and a large number of such observations were as a matter of fact 
taken.-Unfortunately however the spitit levels proved unsatisfactory, their results being discordant and 
untrustworthy. So peculiar was their behaviour tllat after many fruitless attempts to diecover the reason 
of their eccentricities they were sent back to the maker for examination. 

The failure of the spirit levels, though it in no way affects the value of the results, was a dik 
appointment, as the comparison of the two methods of measuring the dislevelment would have been of 
interest, and i t  is not impossible that with a more accurate value of the inequality of the pivots certain 
differences between results obtained in the two positions LP.E and I.P. W. would have disappea,red, 
though the mean would not have been c h g e d .  

The quantity b, or bw, as the case may be, has to be multiplied by a factor B = m cos [ sec 6, to give 
the correction to the observed times of transit of s ;tar. The sign of b has been already explained ; 
that of B depends on 4 and 6 ; 'I is the eenith distance considered + when south and - when north. 

Diurnal Aberration. e 

The effect of diurnal aberration on the time of a star's transit, though small, is yet appreciable, 
and though if the-difference in latitude between two stations be not great, it disappears in the difference 
of longitude, yet it has been considered expedient to compute its amount for each star in all the &a 
under discussion. Since the secant of the star's declination enters into the amount of the correction to 
the time of transit, it has on former occasions been included with the collimation, but this has not now 
been done. The amount = - P-0207 x cos A x secant 6 (A being the latitude), has been entered by 
itself in a special column. 

Deduction of D e v i a t h  Cmectitm from S t w  Obsematiorce. 

In order to determine the azimuthal deviation of the transit instrument from the meridian, a 
brge  number of circumpolar stars were included in the programme, the number of stare at upper cul- 
mination being equal or nearly equal to that of those at  lower culmination. Observations of such stam 
were scattered through the night's work a~ evenly as possible so that there should never be any long 
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period without a check on the azimuthal deviation. They were also divided between the two instrumental 
positions. As it was never feasible to observe the same star at both culminations, it was essential to 
know each star's right ascension with great accuracy, a condition which considerably curtailed the num- 
ber of stars from which to choose. 

It is by no means uncommon for the pole to be obscured by clouds while the zenith is clear, 
and this renders it as a rule more difficult to secure the full number of circumpolar observa- 
tions than to complete the programme of stars near the zenith, which are observed for time. It 
thus occurs that the actual observations for azimuthal deviation are not so symmetrical with regard to 
pivot position, and upper or lower culmination, as they were intended to be, and it has therefore been 
found advisable to compute the deviation correction from each star separately, instead of from the 
combined observations of a pair of stars one at  upper and one at  lower culmination. For this method 
it was necessary to deduce a preliminary value of t'he clock error. I n  India, and in fact wherever the 
latitude was not very great, the programme of stars for time observations always contained equal 
numbep of stars north and south of the zenith, and from these it was easy to obtain a preliminary value 
of the clock error without knowing the deviation correction, but if the latitude is high the apparent 
motion of stars north of the zenith is so slow, that they are unsuitable for time observations, and in  
these cases only a few stars of this aspect were included in the programme, and consequently there 
was occasionally some difficulty in obtaining a sufficiently good preliminary value of the clock error ; 
two approximations however were always found to suffice. I t  is to be noted that when the stars a t  
upper and lower culmination are equal in number any small error in the clock correction employed 
tends to disappear. 

To deduce the deviation in seconds of time the merence between the corrected time of transit 
(obtained by applying the corrections for collimation and level to the observed time of transit), and the 
star's right ascension has to be divided by sin 5 sec 6. I n  practice the divisor used is m sin 5 sec 6, 
where m is the value of one division of the micrometer in seconds of time. This divisor is called A. 
The quantity m is introduced in order to express the deviation: in terms of the micrometer divisions, 
in which the collimation and level corrections are also expressed. The sign of A depends on those of 
sin 5 and sec 6, and attention must be paid to them when A is being computed ; 5 as stated above is 
considered positive when the star is south of the zenith and negative when north thereof. 

The four main corrections having been explained, an outline will now be given of the procedure 
appropriate to the two methods of finding the difference of longitude, namely, that in which the same 
stars are observed at  both stations and that in which the observations are independent o* one another. 
The method alluded to in Chapter 111, in which the transits of the same stars at  both stations are 
recorded in terms of the same clock, was never employed as the drawbacks to the method there men- 
tioned were always present. I t  will be convenient to adopt the names used by Colonel Campbell in 
Volume I X  and to call stars observed at both statiom a Longitude Stars," and stars observed by one 
observer only to find his clock error " Clock Stars." 

Procedzlre when Zongitwde Stars are obsemed. 

When the same star is observed at  both stations, if each clock showed true local sidereal time, 
the recorded times of transit, corrected for instrumental errors, would be precisely the same. If, how- 
ever, the clocks have errors, the difference between the corrected times of transit is equal to the algeb- 
raical difference of these errors; but as an interval equal to the difference of longitude elapses between 
the observations a t  the two stations and aa the difference between the clock errors at a particular epoch 
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is required, the time of transit at one station must receive a ,correction for ite olook's rate during the 
elapsed interval. It is customary to apply this correction to the time recorded at the west station. 
Thua the difference between the olock errors at the e p h  of the observation made at the eaet station 
is obtained. 

The star observations are divided into groups, and the differen08 between the clock errors ie 
found for the mean epoch of each group. Between p u p s  of star observations a clock comparison is 
made and by interpolation the difference between the clock errore at the epooh of the oomparison is 
found. 

Now if T, = the true local time at the east station at any epoch, 
Tw = do. do. at  the west station at the same epoch, 

then A L  =TE-Tw;  
also if t, = the time by the east clock at the epoch, 

tw = do. do. west do. 
and E, and Ew = the respective olock errors at this epoch, 

then TE = t, - E, Tw = t, - Ew, 

so that A L  = ( t , - t , ) + ( E w - E ,  ). 

Now the mtual difference between the clocks at any epoch is given by the clock comparison. If 
we call this diffe'rmce D, 

and the difference between the clock errom is given, as already explained, by the observation of the same 
star at  both stations, whence Ew - EE is known 

: - A L = D + ( E , - E , )  isdso known. 

The rate of the clock is obtained by comparing the times of transit of the eame stars on conse- 
cutive nights. This is done at both stations and from the two results a relative rate is obtained, and 
the difEerences between the results of the clock comparisons taken at intervals during the night form 
a good check on the value deduced. 

A complete olock comparison consists of two parts, firstly a comparison recorded on the chrono- 
graph at the east station, signals being sent from the west, and secondly a similar comparison recorded 
at the west station, signals being sent from the east; the mean of the two results is taken to be the true 
difference between the clocks at the mean epoch. 

P~ocedure when Clock Stare are obeerved. 

When clock stars are observed it is first of all necessary to find with the utmost precision the 
right ascension of each star. All clock stars observed aro taken from one of the following :-I. Berliner 
Astronomisohes Jahrbuch. 2. Nautical AImanac. 3. Connaissance Des Temps. 4. Greenwich 10-year 
Catalogue for the mean epoch 1880. 

It is to be noted that as different catalogtles are liable to differ systematically from one another by 
amall amounts, it would be improper for dl the stars observed at one station to be W e n  from on8 aomce, and 
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all those at the other from another. It is desirable that equal numbers of stars should be taken from 
eaoh source by both observers. 

The right ascensions of stars given in one of the h t  three are taken out directly, a simple interpola- 
tion being all that is required to give the apparent value for the epoch of observation. In  correcting to 
this epoch, attention must be paid to the distance in longitude of the place of observation from Berlin, 
Greenwich or Paris as the case may be, for the stars' places are given for upper transit at  these observa- 
tories respmtively, 

The plaoes of stars taken from the catalogue have to be brought up by computation to the re- 
quired date. If the observations did not extend beyond a week it ~ v a s  considered suflticient to compute 
for the two extreme dates and to interpolate for the remainder ; if the period was longer three or more sepa- 
rate computations were made. The oomputation was effected by means of Professor Turner's edition of 
Stone's Tables in conjunction with Bessel's Day Numbers, as given in the Naut id  Almanac. The 
result attained is the star's apparent right asoension at Greenwich mean midnight on the date of 
observation, and a further correction to the actual epoch of observation has to be made, whioh depende 
on the longitude of the place and on the star's right a s d o n .  

The right ascension being known and the observed time of transit having been corrected for in- 
strumental errors a value of the clock's error is obtained from eaoh sku. Thus, at each station independ- 
ently, a mean value of the clwk error corresponding to the mean epoch of a group of stars is obtained, 

Clwk comparisons yield the value of the difference beween the clocks at another epoch, and this 
last epoch is recorded in terms of each clock. The intervals between the epochs of the groups of stars 
at eaoh station and that of the clock comparison are taken out, and corrections for rate for these intervals 
being applied, the actual error of each clook at the epoch of the clock comparison is obtained. Thus 
the error of each clook has been found, and also the difference between the clocks; hence, as in the case 
of longithde stars, 

is known. 

The clock rates are obtained in the same manner as before, but it is not necessary for the same 
stars to have been observed on consecutive nights; a good value can be deduced from the mean results 
of groups on the same or on different nights. 



CHAPTER V. 

SELECTION OP STATIONS AND SHORT NARRATIVE. 

The Selection of the Stat* of Observation and the Telegraphic Colznection. 

The connection of Karachi with Greenwich by telegraph consists of the two great lines owned by 
the Indo-European Telegraph Company and Department respectively. The lines belonging to the Com- 
pany extend from London to Tehran, and those belonging to the Government of India and managed by 
the Department stretch from Tehran to Karachi. Of the latter, the part between Tehran and Bushire 
consists of a triple land-line, and the connection between Bushire and Karachi is double as far as the 
intermediate station Jask at the mouth of the Persian Gulf, and thence triple. From Bushire to Jayk 
there are two cables, and from Jask to Karachi one cable and two land-lines. 

It was originally intended to divide the total distance into six sections, viz :- 

Karachi to Bushire ... ... ... by cable, 
... Bushire to Tehran ... ... by land-line, 

Tehran to Odessa ... ... ... by land-line, ... Odessa to Emden ... ... by land-line, 
Emden to Lowestoft ... ... ... by cable, 
Lowestoft to. Greenwich ... ... by land-line. 

This scheme of division was based on three principles :-( 1 ) The number of arcs must be kept 
as small as possible ; ( 2 ) on each arc telegraphic connection must be direct without intermediate trans- 
lating relays ; and ( 3 ) owing to the supposed impracticability of joining up submarine cables and land- 
lines direct without the interposition of a translating apparatus, every place at which a change from 

- - 
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cable to land-line occurred was considered an essential station of observation. The last principle at  once 
made it necessary to include Bushire, Emden and Lowestoft. Tehran was introduced partly because its 
geographical longitude was required, and partly because it is the junction of the lines of telegraph be- 
longing to the Indo-European Company and Department respectively. The remaining distance, Tehran 
to Emden, was considered too long for one arc, and was divided at  Odessa. 

The desirability of having as few divisions as possible need hardly be insisted upon. Every extm 
link tends to weaken the chain, and every additional arc increases the probable error of the terminal 
longitude. The length of an arc is, however, in practice limited by such telegraphic considerations as 
the condition of the wires, the battery power available and the sensitiveness of the relays. Intermediate 
translating relays on a line-wire are objectionable: the observers have no control over their adjust- 
ment, and their effect on the rate of the current in its two directions may not be the same. One inter- 
mediate translating relay is perhaps permissible, the whole line-wire being still under the control of 
either one or the other of the observers ; the accidental insertion on the line of other wayside transla- 
tions by forgetful telegraph-masters can then generally be detected by the alteration in the character of 
the distant signals as marked on the drum of the chronograph, but i f  two intermediate translations exist, 
that portion of the line between them is free of all control from the observatories. 

This programme was, however, not carried out, for after the arrival of the observers in England 
they learnt that there would be no objection to joining the Lowestoft-Emden cable direct to land- 
lines at either side, and Lowestoft was consequently omitted. As moreover, on a line consisting of 
two dissimila,r parts, the retardation might not be the same in both directions, it was considered 
desirable to have a portion of land-line at  each end of the cable. Potsdam was therefore substituted 
for Emden. 

A further change was the elimination of Odessa. I n  a consultation with the Astronomer Royal 
(Mr. W. H. M. Christie, F. R. 8.) he gave it as his opinion that the introduction of an additional station 
of observation was more likely to cause an error in the resulting longitude of India than the presence 
of a single translation, and that therefore Odessa might be omitted with advantage. 

The final scheme therefore consisted of the following arcs :- 
Miles 

Karachi-Bushire 1193 ... ... Cable. 
Bushire-Tehran 655 ... ... Land-line. 
Tehran-Potsdam 2500 ... ... Land-line. 
Potsdam-Greenwich 815 . .. ... Land-line & Cable. 

With the double object of forming a circuit, such as had been found so valuable in the Indian 
work, and of determining its geographical longitude, Jask was added to the stations of observation and 
the arcs Karachi-Jask and Jask-Bushire were measured. 

The substitution of Potsdam for Emden introduced a station not on the Indo-European Com- 
pany's Line, but the use of lines belonging to the British and German governments was very readily 
granted by Sir W. H. Preece, K.C.B., the Engineer-in-chief of the British Post Office and Dr. Von 
Stephan the Post Master General in Germany. A German line between Berlin and Potsdam was also 
lent to complete the connection between Potsdam and Tehran. 

Throughout the work the assistance afforded by all the telegraph officials with whom the obser- 
vers came into contact was of the most cordial and efficient character, and the great zeal and resource 
displayed by Herr Post-Inspector Arpurth of the Berlin Post office, and Herr Meyer of the Indo-European 
Telegraph Company in Tehran deserve the most grateful recognition. As has been well said by the 
American Observers who made determinations of longitude in the East Indies, China and Japan, "the 
"fact cannot be too strongly expressed that without the zealous and persevering co-operation of the tele- 
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" graph officials no such undertaking as this can be successful, and no one without absolute experience 
" can realise the discouraging delays and Wculties which would be almost insurmountable without the 
" cordial assistance of the members of the cable staff." 

Short Narrative. 

The observers appointed to undertake the work were Captain Burrard, R.E., and Lieutenant Lenox 
Conyngham, R.E., both of whom had had considerable previous experience of Longitude Operations, 
having together carried out the measurement of 13 arcs in India, Captain Burrard having also taken 
part in other measurements in co-operation with Majors Btrahan and Heaviside, R.E. 

The first step was to test the equipment and observe for personal equation ; after this an experi- 
rhental arc was measured a t  Dehra Dh, the telescopes being set up on the same meridian. The result- 
ing difference of longitude corrected for personal equation was W.017 and this result was considered 
sufliciently stbtisfmtory to justify a commencement being made on the real work. 

The first arc undertaken was Jask-Bushire, Captain Burrard going to Jask and Lieutenant Lenox 
Conyngham to Bushire. The connection was by cable and the principal difficulty encountered was in 
the clock comparisions, the relays belonging to the equipment not being of a suitable pattern. This 
m c u l t y  was increased by the fact, that it was not possible to send reversing currents with the sending 
relays when clock signals were being exchanged. The measurement of this arc was completed in six 
nights, the weather being fine. Clock comparisons were made 28 times, 261 transits were observed at 
Jask and 273 at  Bushire. 

Captain Burrard then moved to Karachi and the second arc, Karachi-Bushire, was begun. The 
distance between these places is 1193 miles, and the relays of the equipment wera found unequal to the 
work of recording signals sent through the cable. The officers of the Telegraph Department, however, 
kindly lent one of their large Allan and Brown relays to each observer, and these answered well. During 
the five nights' work 22 clock comparisons were made, 213 transit stars were observed at Ka,rachi and 
221 a t  Bushire. \ 

The last of the Gulf arcs was Karachi-Jask. There is a land-line between these places and it 
was used for clock comparisons so that the relays of the equipmen ts again came into use. Fine weather 
prevailed, and the arc was finished witbout incident. 89 clock comparisons were made and 219 transit 
stars were observed at each station. Captain Lenox Conyngham now returned to Karaclli and a deter- 
mination of the relative personal equation of the observers was made. Captains Burrard and Lenox 
Conyngham acknowledge gratefully the cordial and efficient assistan~e rendered by Mr. Possmann, 
Director of the Persian Gulf Telegraphs and his staff. 

The Persian Qulf section of the work being now finished, the observere went to England. They 
had interviews with the Astronomer Royal and Mr. Preece, and the original scheme for the connection 
of Greenwich with Bushire was remodelled, as has already been explained. Both equipments being 
in England the opportunity was taken to have some of the instruments examined by the makers and a 
few alterations made. New relays were also purchased from Messrs. Elliott Brothers to replace those, 
which had proved unsatisfactory on the Qulf arcs. 

The Astronomer h y a l  kindly wrote introducing the observers to Dr. Fcerster, Chief of the 
Observatory at Berlin, who, whilst oordially offering a site, suggested that Potsdam would be found a 
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more suitable station, owing to the want of available space at Berlin. Professor Helmert, Chief of the 
Royal Geodetic Institute of Prusaia, was accordingly addressed and he promised all the assistance in 
his power. 

At Greenwich the Astronomer Royal lent an observing room, on the prime meridian, and here 
the instruments were set up. After observations for personal equation had been taken, Captain Lenox 
Conyngham moved to Potsdam, where he was cordially received by Professor Helmert and given every 
assistance. Under the orders of Herr Scheffler, Chief of the German Imperial Telegraphs, Herr 
Post-Inspector Arpurth was attached to the observatory at  Potsdam to control the arrangements for the 
direct connection between Potsdam and Greenwich and to provide a l l  necessary appliances. 

Cloudy weather interfered with the progress of the work, and the system of observing the same 
stars at both stations was, for the reason explained in Chapter 111, found impracticable. Recourse was 
therefore had to'the independent method, each observer making use of every well placed star that he 
could. After a series of observations had been made, the observers changed places, Captain Burrard mov- 
ing to Potsdam and Captain p en ox Conyngham to Greenwich, and a second similar series was undertaken. 
I n  all, 35 complete clock comparisons were made, and about 260 time stars were observed at  each station. 

Captain Burrard now moved to Greenwich, leaving his instruments standing a t  Potsdam, and 
personal equation was again measured. This measurement was not strictly necessary, for the inter- 
change of observers had eliminated the effect of personality from the mean result, but it enabled a 
comparison to be made between the value obtained by the method of divided transits and that deducible 
from the two measurements of the arc of longitude. As will be seen in the discussion. of the different 
measures of the personal equation, the two methods corroborate each other fairly well. 

One set of instruments was 'now despatched to Odessa by sea and Captain Lenox Conyngham, 
travelling overland, met i t  on its arrival. I n  tOdessa there were awaiting him his former recorder 
Babu Hanuman Prasad, and four khalasies, ready to accompany him to Tehran, where it was thought 
suitable assistance might be diilicult to procure. The opportunity was taken of arranging with the 
officials of the Indo-European Telegraph Company for a suitable translation-apparatus. 

The translation " set ", as it is commonly called by telegraphists, consists of four relays, two of 
which are not essential to the work but are inserted for practical reasons which need not here be entered 
npon; their presence, however, introduces an additional armature time into the retardation of the 
current, and as every additional element is a possible source of error a simpler " set " consisting of two 
relays only was specially arranged, thus reducing to a minimum the disadvantage of having an inter- 
mediate translation. 

From Odessa the party proceeded by steamer to Batoum, thence by rail to Baku, and again by 
steamer to Enzeli. The road journey from Enzeli to Tehran was arduous and the risk to the instruments 
considerable; all, however, reached Tehran without mishap. Thanks to the kindness of H. E. Sir 
Mortirner Durand, K.C.S.I., K.C.I.E., Her Majesty's Minister at Tehran, an excellent site for the 
observatory was found in an open space within the Legation walls. 

The Telegraph Office was in the heart of the city, and a temporary line had to be erected to 
connect it with the observatol.y, a small clock room was constructed and the pillars for the telescope 
and collimator were built. 

Although, as has been said, a translation set was ready at  Odessa, the observers were not without 
hope that they would be able to exchange signals direct. Attempts were made to do this, but except on 
one Sunday night when owing to the diminution of t ra5c the conditions were unusually favourable, 
their efforts were unsuocesaful, and the translating relays were therefore used throughout. 
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The measurement of this arc proved tedious, as the weather at both ends was unsettled ; the most 
aerious delay was caused by a storm in the Caucasus which carried away 30 milea of the telegraph line 
and interrupted telegraphic connection for 12  days. 

Even with the translation a t  Odessa the clock signals were frequently interrupted by induced 
currents. To obviate this the German Telegraph authorities with characteristic liberality were good 
enough to grant the concession, that a,ll telegraph traffic on the thirty-two wires running parallel to 
that of the Indo-European Telegraph Company, between Berlin, Warsaw and Odessa, should be stopped 
during the comparisons of the clocks. Even then the traffic on the Company's second wire between 
Odessa and Tehran would frequently cause induction currents sufEcient to interfere with the com- 
parisons, and MI. Andrews, the company's Director in London, had to be asked to grant the further 
concession that the second wire might be kept silent while comparisons were being made on the first. 
Thence forward satisfactory comparisons became possible, though, owing to the length of the line, and 
the number of intermediate stations which required warning they were not easy to arrange. 

It had a t  first been intended to take two comparisons per night, but the amount of time and 
trouble that was necessary to establish direct communication, and the great delays to traffic caused by 
the stoppage of so many wires in the midst of populous Europe, made it incumbent on the observers 
-to take as little advantage as possible of the generous concessions that had been extended to them 
and they therefore decided to exchange clock signals but once in a night. 

Nearly two months were spent on this arc and yet only 10 nights of really good work were 
obtained; the nights on which observations were successful at  both stations were far apart, though 
every night for seven weeks without one exception both observers were present in their observatories. 
As an instance of the disappointments which are likely to occur to longitude observers, the following 
extract from Captain Burrard's report may be quoted :-" Out of the nine nights succeeding the re-open- 
" ing of telegraphic communication in the Caucasus we had been able to work on but one. On December 

6th about 10 p.m. Berlin time, Herr Arpurth was able to inform Tehran that the sky was cloudless 
" at Potsdam, and an hour later he received a message from Tehran-" weather perfect ". We set to work 
"with a will, and when the time arrived for clock comparison, we had both observed some 30 stars. 
" Tehran being the easterly station had to send clock to Potsdam first, and I at once saw by the character 
" of the signals, that all was not right on the line. I thought at first that some intermediate station 
''must be cutting in, but Herr Arpurth telephoned me from Berlin that there was a great storm on the 
" line near Warsaw, and the line wires were in contact. All of a sudden this contact presumably ceased, 
" for the signals of the Tehran clock arrived sharp and clear for the space of 40 seconds. Before, how- 
" ever, I could send my clock signals to Tehran, the contact must have recommenced : Captain Lenox 

Conyngham received none, and a first rate night's work was lost through the want of half a clock 
" compnrison". 

The arc was eventually closed after 1 2  clock comparisons -bad been made and 274 time stars 
had been observed at Potsdam and 291 at Tehran. These numbers do not include those stars observed 
at either place on nights when the other was overclouded, but are the actual numbers that can be 
utilised in deducing the resulting longitude. 

Captain Burrard had now to move from Potsdam to Bushire, while Captain Lenox Conyngham 
remained at Tebran. The latter officer made use of the time occupied by the journey by reading off 
all the chronographic records of the preceding arc, and in making a copy of the transcript which he 
deposited in the Legation Chancery, so that in the event of any accident occurring during his return 
to India there would still be means of recovering the observational data. He also made a connection 
by triangulation between his longitude station and that used by General Stebnitzki in 1874. 

' 
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Tehran-Bushire, the last arc of the chain, proved an easy one. An excellent line wire was 
placed at the disposal of the observers during the greater part of the night by Colonel Wells, R.E., 
and clock signals were exchanged three times per night without difficulty or delay. Clouds interrupted 
observations on one or two occasions: but on the whole the weather was favourable. 

Upon the completion of this arc Captain Lenox Conyngham left Tehran and returned to 
India aid Resht, Baku, Batoum and Port Said. The two observers met at Dehra D6n and there on four 
successive nights observed a final value of personal equation. This closed the work of the expedition 
and completed the determination of the longitude of Karachi. 

Beduction of the Observations. 

An abstract of the observations and the reduction of the results are given for each arc sepamtely 
in tabular form, and to each is prefixed an explanation of the different tables and a discussion of the 
reasons for the Werences between'the several programmes. The object kept in view in drawing up the 
tables was to afford all the data necessary for any reader who might wish to examine the reductions and 
reproduce the results arrived at. In  an appendix are given descriptions of the stations of observation 
sdicient for their identification. Plate V I I  is an outline map showing the arcs measured. 
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EXPLANATION OF TABLES I AND I1  

Personal Equation. 

The direct determinations of personal equation were made by the method of divided transits. 
Observations of this kind were taken on five separate occasions, first at Dehra D h  before the commencement 
of the measurement of the arcs of longitude, secondly at Karachi after the measurement of the three Gulf 
arcs, thirdly at Greenwich before the Potsdam-Greenwich arc, fourthly at Greenwich again after that arc, and 
lastly at  Dehra Ddn 'at the close of the operations. 

Moreover, the arcs were so arranged as to cause, as far as possible, a cancelment of any residual error. 
Firstly the arc Potsdam-Greenwich was measured twice over, the observers exchanging stations between t h e  
two measurements. Secondly the same observer remained at Tehran during the measurement of the two arcs 
Tehran-Potsdam and Tehran-Bushire, so that the personal equation is eliminated from the total arc Bushire- 
Potsdam. Lastly the arc Karachi-Bushire was measured twice, once direct and again in two parts, namely 
Jask-Bushire and Karachi-Jask ; the same observer was at the western station of each arc and as the agreement 
between the two measurements was good, the value of the personal equation employed cannot have contained 
any appreciable error. 

Tabk I. Contains an abstract of all the observed values. Each abstract is divided into two parts, 
the one containing stars of North, and the other those of South aspect. This is done to see whether there 
is evidence of a change in the value of the personal equatian accarding to the apparent direction of motion of 
the star across the field of view. The results are inconclusive the difEerence being sometimes of one sign 
and sometimes of the other. 

Tabk II. Contains an abstract of the means of the values in Table I and a statement of the adopt- 
ed values. 

For the three Persian Gulf arcs, oir., Karachi-Bushire, Jasli-Bushire, and Karachi-Jaak the adopted 
value is the mean of the determinations at Dehra Dlin in October and November 1894, and at  Karachi i n  
February 1895. The mean of the results by North and South stars respectively is taken as the value td be 
deduced from each full determination, and the mean of these two values is that adopted. For the Potsdam- 
Greenwich arc no value is required aa the mean of the two measuremknts eliminates personal equation 
altogether; the double measurement of the Potsdam-Greenwich arc yields an independent measure of the 
personal equation. 

The value at Greenwich by,North stars is - 0'.576 and by South stars - W.278; this discrepancy is 
probably due to the slow apparent motion of stars of north aspect in so high a latitude as that of Greenwich, aa 
has been explained in a previous chapter. As the north stars observed were few in number a weight propor- 
tional to the number of stars observed was given to each and the mean - (r.311 thus obtained. 

The dif£erence between the two values of the arc Potsdam-Greenwich is (r.660, showing a personal 
equation of - 01.330. A mean of - (r.321 is adopted as the value of the personal equation at  Greenwich. 

The final determination at Dehra D h  in May 1896 yields the value - W.266, therefore for the two 

arcs Tehran-Potadam and Tehran-Bushire the adopted value is - 0.321 + 0.266 
2 

= - 0.294. 
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betweelt Captains Burrard m d  Lercox Conyngharn. 
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The programme. 

The arrangement of the nightly programme waa as follows :- 

1. Determination of Collimation and Level. 

2. 1st Clock Comparison. 

3. Transits of stars for one hour. 

4. 2nd Clock Comparison. 

5. Determination of Collimation and Level. 

6. Transita of stars for one hour. 

7. 3rd Clock Comparison. 

8. Determination of Collimation and Level. 

9. Transits of stars for one hour. 

10. 4th Clock Comparison. 

11. Determination of Collimation and Level. 

12. Transits of stars for one hour. 

13. Determination of Collimation and Level. 

14. 6th Clock Comparison. 

The telescopes were reversed in their bearings in the middle of each group of transit stars. Each 
group contained a pair of circumpolar stars for the determination of Azimuthal Deviation, though owing to 
clouds in the neighbourhood of the pole it was not always possible to observe the full complement. I n  
order to cancel the effects of errors in the determination of the Deviation the transit stars were selected 
half north and half south of the zenith. 

The first two groups of transit stars were clock stars, that is, stars whose places are well known and 
which each observer selected for himself and observed independently. The last two groups were longitude 
stars, taken from a pre-arranged list, and were observed at both stations. 
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EXPLANATION OF TABLE I. 

Abstract of Beterminatwm of Collimation arcd Level Correction- Conslntlk. 

The first three columns call for no remark. 

Column 4 contains the mean sidereal hour at which the several determinations were made. 

Column 5, headed C,, gives the reading of the micrometer when the collimator cross is intersected by the 
central transit, wire, the telescope being in the position I.P.E. ( i .e .  Illuminated Pivot East). 

,, 6, headed C,, gives the corresponding reading, the telescope being I.P. W. 

J J  7, headed C,, gives the mean of the two preceding readings, i .e. 4 (C,+ C,). C, is therifore the 
reading of the micrometer when so set that the centre wire is truly collimated. 

,, 8, headed C,, gives the reading of the micrometer as set during the observation of star transits. 
This settlng was arbitrary and was not changed in either instrument throughout the arc. 

,, 9, headed c,, gives the collimation correction-constant for the position I.P.E. c, is equal to 
C,-C,. 

,, 10, headed c,, gives the corresponding correction-constant for the position I.P. W. c, is equal to 
C,-C,, 

Level. 

Column 11, headed Me, gives the reading of the micrometer when the centre wire and its reflection from 
the mercury trough coincide, the telescope being in the position I.P.E. 

,, 12, headed M,, gives the corresponding reading when the telescope is in the position I.P. W. 

,, 13, headed M,, gives the mean of the two preceding readings, i . e .  4 (Me + M,). 

This quantity is not used in the computations hut i t  should remain constant and therefore affords a 
valuable safe-guardagainat blunders in read& M, and M,. The nature of the quantity is discussed in  
Chapter I V .  

Column 14, headed be, gives the level correction-constant for the position I.P.E. b, is equal to C, - Me. 

,, 15, headed b,, gives the corresponding correction-constant for the position I.P.W. b, is equal 
to M, - C,. 

As the collimation is not liable to vary, a mean of all the values of C, on any night is'taken, and c, 
and c,, are found by taking the differer~ce between this mean and C,; but the level is not so stable arid 
therefore the same values of be and b, are not retained for the whole of a night's observations. The first 
two determinations were, on this arc, made in connection with the clock stars, and the other three with the 
longitude stars. Hence, as a rule, three values per night are made use of, the first is the mean of the first 
two determinations, the second is the mean of the third and fourth, and the third the mean of the fourth 
and fifth. On the last two nights of this arc clouds prevented the completion of the programme and hence 
the fifth determination was omitted. 



10 A R C  J A S K - B U S H I R E .  

PA.BLE I. ABSTRACT O F  DETERMINATIONS O F  COLLIMATION AND LEVEL CORRECTION-COXSTANTS. 
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TABLE I. ABSTRACT OF DETERMINATION5 OF COLLIMATION AND LEVEL CORRECTION-CONSTAXTS. 
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EXPLANATION OF TAB.LE II. 

Dedzcction of Deviation Error from Star Observations. 

The first five columns call for no remark. 

Column 6 shows whether the star was observed at upper or at lower culmination. U standing for upper 
and L for lower. 

,, 7 gives the number of wires over which the time of the star's transit was observed. 

,, 8 contains the value of the deviation constant A, which is equal to m sec 6 sin 5, where m is the 
value of 1 division of the micrometer head .in seconds of time, v i z :  O"039. The sign 
of A depends on those of sec 6 and sin 5, where 6 is the star's declination, (IMY'-6) being 
used for stars observed at lower culmination, and 5 is the star's zenith distance, considered 
negative if north. 

,, 9 contains the observed time of transit taken from the chronographic record. 

,, 10 contains the correction to the time of transit on account of diurnal aberration. This correction 
is equal to - 0.0207 x cosine latitude x secant declination.. I t  is therefore negative for 
all stars at upper culmination and positive for all at lower. 

,, 11 contains the correction for collimation, this is obtained by multiplying c, or c, as the case may 
be, by m sec 6, using (180° - 6) for stars at lower culmination. 

,, 12 contains the correction for level, obtained by multiplying be or b, as thc case may be, by 
m sec 6 cos 5, 6 and having the same meanings as before. 

,, 13 contains the chronometer error; this is a preliminary value obtained by taking the mean of the 
errors given by stars north and south of the zenith. If the numbers of stars at upper and 
lower culmirlation respectively be equal, a small error in the adopted value of this quantity 
will not affect the final mean value of the deviation error. 

,, 14 contains the seconds of the corrected time of transit called T. This is the sum of the seconds 
in the five preceding columns. 

,, 15 contains the star's R.A. at the time of the observation. This is either taken from one of the 
Almanacs or brought up by computation from the Greenwich Catalogue for epoch 1880. 

,, 16 contains the difference T - R.A. 

T - R.A. ,, 17 contains the deviation error a = A . I t  is to be noted that A contains the quantity m, 
-- 

so that a is in terms of the micrometer divisions. 

,, 18 contains the mean of the values in column 17. Sometimes one general mean is taken and 
sometimes the night is divided into two parts. This depends on whether the values in column 
17 show any evidence of a change of position having taken place during the l~ours of work. 

The last column shows whether the telescope was pointing to the East or to the West of North. 
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FABLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS, 
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EXPLANATION OF T O L E  IIX 

Direct Comparison of Clocks. 

The first four columns call for no remark. 

Column 5 contains the time by the Jask clock of the middle of the period during which signals were being 
sent or received. 

\ 

,, 6 contains the time by the Bushire clock of the same instant. 

,, 7 contains the difference between the clocks as read off the chronographic record. 

,, 8 gives the mean, to the nearest whole second, of the times given in column 5. 

,, 9 gives the mean of those in column 6. 

,, 10 contains the mean of two corresponding differences in column 7, and is the difference between 
the clocks, freed from the effects of retardation, at the epoch given in terms of the two clocks 
respectively in columns 8 and 9. 

,, 11 contains the deduced relative hourly rate of the clocks. I t  is obtained as followa :- 

The change in the difference between the clocks between two consecutive comparisons is divided by 
the interval between the comparisons, expressed in hours, and the result is the.rate during the interval. Then 
the mean of two consecutive rates is takeu and considered to be the rate at the epoch of the intervening 
comparison, opposite which it is accordingly entered. I t  will be seen that by this method the same weight 
is given to a rate deduced from two comparisons on the same night, as to one deduced from the last compari- 
son on one night and the first on the next. If the interval between the comparisons be small the deduced 
rate will be seriously affected by any errors in the observed differences between the clocks; on the other hand, 
when the interval is from one night to the next there is a probability of a variation in the rate. Hence it 
appears that cach method has its own disadvantages and that consequently the adoption of equal weights is 
justifiable. 
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PABLE In. DIRECT COMPARISON OF CLOCKS. 
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FABLE III. DIRECT COMPARISON OF CLOCKS. 
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EXPLANATION OF FABLE I7? 

 ans sits of Clock Stars and Deduction of the Clock Correction. 

The heading contains the name of the arc, and indicates the station the observations at which are to 
be found below, giving at the same time the latitude of the station, the name of the observer and the 
telescope used. 

Column 1 contains the astronomical date. 

,, 2 contains the star's name, or number in the Greenwich Catalogue for 1880. 

,, 3 contains the star's declination and when south i t  is indicated by a minus sign. This being given, 
and also the latitude of the station, it is possible to compute all the corrections to the 
observed time of transit without reference to any thing beyond the foregoing tables. 

,, 4 contains the star's aspect, that is, i t  shews whether the star at culmination was north or south 
of the zenith of the station. I t  is convenient to give this information as it renders i t  easy 
to see whether the deviation correction has been entered with the proper sign. 

,, 5,  6 & 7 explain themselves. 

,, 8, 9 & 11 contain respectively the corrections for collimation, level and diurnal aberration. 
These corrections are computed in precisely the same manner as those in Table 11. 

,, 10 contains the deviation correction. To form this the appropriate value of a is taken from Table I1 
and multiplied by m see6 sin c. I t  is to be noted that the quantity a given in Table I1 is 
an error, not a correction, SO that when forming the correction a A  the sign must be changed. 

,, 12 contains the corrected time of transit = T. This is the algebraic sum of the five preceding 
columns. 

,, 13 contains the star's R.A. brought up from the Almauac or Catalogue to the epoch of the obser- 
vation. 

,, 14 contains the difference between the two preceding columns with the sign appropriate to a 
correction. 

,, 15 contains the mean value of the clock correction by stars ob~erved in the same ir~strumental posi- 
tion. I n  column 7 the mean of the obseryed times of transit of groups is taken out, and is 
the epoch of the mean clock correction in column 15. 

,, 16 QE 17 contain the daily mean of the two instrumental positions, and the epoch to which i t  corres- 
ponds. If there are two groups, one I.P.E. and one I.P. W., the mean of the two clock cor- 
rections is talien as corresponding to the mean of the two epochs ; but if there are three groups, 
as on December 9th, one1.P. W., one I.P.E. and again one I.P. W., the mean of the two values 
I.P.W. is taken for the mean of their epochs, and then this mean value and epoch are com- 
bined with the I.P.E. value and epoch to obtain the quantities to be entered in these columns. 
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TABLE IP. !J!RAN3ITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CO.RRECTION. 
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PABLE W. !l!RANSITS OF CLOCK STAR8 AND DEDUCTION OF THE CLOCK CORREC!I!ION. 
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47 43 

13 41 

7 I 

37 56 

7 20 

54 a,j 

35 4 

59 42 

Mean 

42 41 

- q 32 

61 21 

33 9 

Mean 

30 17 

$5 58 

4743  

23 41 

7 I 

40 31 

- I 43 

37 56 

7 ao 

Mean 

3? 
e, 
8 
6 
,; 
B 

g 

14 

14 

r3 

1.3 

14 

13 

14 

11 

8 

13 

14 

14 

11 

ro 

11 

13 

14 

9 

14 

11 

14 

Clock Correction 

M m n b ~  

OPo8h't;wl; 

r 8 

+ o  17'716 

+ O  38'385 

+o  38'556 

~ , i l ~  
Mean of 
thetwo 
lnstru- 
mental 

positions 

m  a 

+ o  17-504 

AT JASK (E), Lot. ;l60 38', BY BUBUBD WITH 

Observed 

Time of 

Tmnsit .- a pi .- 

a 

+ 1.06 

- 0'13 

- 1-18 

+ 0.9 

- 1-16 

t 3-05 

+ 0.73 

+ 4'09 

+ 1-34 

- 1.70 

t 4'35 

+ 0'53 

+ 0'31 

+ 3'04 

o 3 8 1 1 . 5 9 + 0 . 1 0 + 0 ' ~ 8 + 1 ' 8 8 - 0 ' 0 3 0 3 8 1 3 ' ~ ~  

- 0.12 

- 1-08 

+ 1-14 

- 1-55 

+ 0.91 

- 1-06 

b m  a 

o 38 21-74 

o 41 18-96 

o 41 47.89 

o 50 26-85 

0 57 3-34 

I 046.40 

I 3 21.85 

1 18 25.15 

o 54 4 

a3 31 18.91 

o 14 4.10 

o 16 18-43 

o 30 37.14 

o ~ j a o  

0 33 3-14 

o 33 50.83 

0 41 7.70 

0 41 36.56 

0 4 3  21.36 

047 1-57 

0 50 15-77 

0 56 51.06 

0 4 1 5 6  

6 

8 

+0'05 

+oao4 

+oao4 

+o.o4 

+o-OJ 

+oSo6 

+0'04 

+oVo7 

-0.09 

-0.07 

-0.14 

-0.08 

+om08 

t o S l a  

+o.o7 

+0.07 

+om09 

+ o ' o ~  

+o-08 

+om07 

Time of 
Trsnsit 
-T a; 

8 

-0.12 

-0.09 

-0'08 

-0.11 

-0.08 

-0.13 

-0.10 

-0.08 

+oa26 

+0'17 

+0'34 

+Om23 

+0'15 

+o ' lo  

t0 .14 

t 0 ' 1 j  

+0'17 

t 0 . 1 2  

+on16 

+oS13 

4 

a 

-0.03 

-oaoz 

-0'02 

- 0 . 0 ~  

-0~01 

-0'03 

-0 .02  

-0.04 

-omoj  

-0'oz 

-0.04 

-0.01 

-oWoa 

-0.03 

-0.01 

-o.oz 

-0.03 

-oqoz 

-oSoa 

-0.01 

A m  r 

o 38 14-70 

o 41 18-76 

0 4 1  46-65 

o 50 17-75 

o 57 a-11 

I 049'35 

I 3 23'50 

I 18 19-19 

13 33 10-40 

o a4 1-48 

o 16 11-94 

o 30 37-80 

0 3 3  4-16 

0 33 54'16 

o 41 7-77 

o 41 35-66 

0 4 3  11-13 

0 4 7  0.19 

o 50 16-90 

o 56 51-18 
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FABLE Il? TRANSIT3 O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

w + 
TRANEITS 

4 

g 
.d 

2; 
3 la a 

4 

AT JASK 

Observed 

Time of 

Traneit 

L m  a 

1 3 rr.7o 

I 7 37.20 

I 7 38.62 

I 830.06 

I 13 2.90 

I 8 o 

23 53 6.77 

o a 7-67 

o 2 40'51 

o 7 0.74 

o 14 23.10 

o 352  

o 19 13.09 

o a3 53.01 

o 26 7.25 

o 30 26.05 

o ,?a 52-64 

o 33 39-16 

o 38 0.49 

o 40 56-71 

o 42 25.58 

o 43 10'41 

o 46 50.53 

o 34 20 

star 

Name 

Mean 

Epoch 

Tg 

h m s  

0 4 1  48 

1. TXLESCOPE NO. 

Bight 

Ascension - R.A. 

h m  a  

I 3 51-31 

I 8 15-04 

r 8 16-41 

I 9 7.15 

I 1341.92 

23 53 55'09 

o a 57'36 

o 3 33.76 

o 7 49'67 

o 15 11 -70  

o 2 0  1-33 

o 24 41-02 

o 27 1-28 

0 3 1  16.23 

e 33 41.75 

o 34 32'54 

o 38 5 2 . ~ 0  

o 41 46.40 

0 43 14'24 

o 44 1.0; 

o 47 38-77 

Declina- 
tion 

By 
Btar - 

B.A.-T 

m a  

+ o  38.80 

+ o  38'82 

+ o  38-77 

+ O  38.92 

+ O  38.82 

+ o  49'25 

+ o  49.28 

+ o  49'47 

+ o  49.38 

+ o  49.45 

+ O  49.48 

+ o  49.50 

+ o  49.52 

+ o  49'48 

+ o  49-62 

+ o  49'56 

+ o  49.66 

+O 49-64 

+ O  49-58 

+ o  49'35 

+ o  49'65 

1894 

Dec. 11 

,, 12 

* 

(E), Lat. 2 3  38'* BY BURRAED WITH 

Correction for 

Corrected 
Time of 
Transit 

.- 5 ,, 

0 ,  

35 4 

7 a 

7 a 

- 8 2 9  

26 43 

Mean 

6 17 

28 31 

58 35 

14 36 

7 37 

Mean 

I 21 

- 4 3a 

6a zr 

33 9 

30 17 

j j  58 

47 43 

23 42 

7 r 

40 31 

- r 43 

Mean 

BAndromedm 

199 Gr. 80 

200 ,, 

202 I,  

v Piscium 

w Piscium 

rr Andromeda, 

BCassiopeim 

y Pegasi 

60 Gr. 80 

57 Qr. 80 

69 ,, 

7.3 ,I 

r Andromedm 

8Andromedm 

rr Cassiopeim 

o Csssiopeia, 

( Andromeda, 

6 Piscium 

r Andromedm 

183 Gr. 80 

Clock Correction 

Mean by 
in 

;:Byr\- 
mental 

Position in 
each Group 

n r  

+ o  38'826 

+ o  49'366 

+ o  49'549 

z I :  L s 2 
k 0 

2 - 2 

6 

6 

-0.08 

-0.0; 

-0'07 

-0.07 

+0'05 

+oeo5 

+0'09 

+o.os 

+ o . o ~  

-0.05 

-0.05 

-0.10 

-0'06 

-o .o j  

-0'08 

-0.07 

-0.05 

- O m O j  

-0.06 

-0'05 

Mean of 
the two 
~ n s t r u -  
men.ta1 

P061t'onr 

m u  

+ o  38'581 

$ 

N 

8 

9 

8 

N 

8 

N 

N 

Y 

9 

S 

S 

N 

N 

N 

N 

N 

S 

8 

N 

8 

a 

-0.02 

-0.02 

- 0 . 0 2  

-0.02 

-o.oa 

-0 .02  

-0.02 

-0.04 

- 0 . 0 2  

-0.02 

-0.02 

-0 .02 

-0.04 

- 0 . 0 ~  

-0 .02  

-0.03 

-0.03 

-0 .02  

-0.02 

-0.03 

-0 '02  

6 

+ o - a j  

+oa19 

+o -19  

- o . o f + o . ~ j -  

+oa22  

+on15  

+o.19 

+oSz6  

+ o ' I ;  

+o.16 

+o.zo  

+ 0.19 

+0.37 

+0'26 

+0'25 

+0.33 

f0.30 

+o.zq 

+O 'Z I  

+o.28 

+o.19 

h m  a  

1 3 12.51 

I 7 36.22 

r 7 37.64 

I 8 28-23 

I 13 3-10 

23 53 5'84 

o a 8-08 

o z 44-29 

o 7 0.29 

o 14 az .a j  

o 19 11-85 

o 23 51.52 

o 26 11-76 

o 30 26.75 

o 32 53'13 

o 33 42'98 

o 38 2.54 

o 40 56.76 

o 42 24.66 

o 43 11.72 

0 4 6  49-12 

I-t 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

'8 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

......... 

8 

+ 0.6; 

- 1.08 

- 1.08 

1'91 

+ 0.07 

- 1.11 

+ 0.19 

+ 3-47 

- 0.65 

- 1.04 

- 1.3; 

- 1.67 

+ 4.28 

+ 0'52 

+ 0'31 

+ 3-00 

+ 1'85 

- 0 .12  

- 1'06 

+ 1 - 1 2  

- 1-53 

'- 

9 

6 
Ck 

14 

9 

I I  

6 

12 

12 

14, 
8 

14 

14 

14 

1 2  

19 

1.3 

14 

9 

14 

14 

13 

8 

14 
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TABLE IT TRANSITS O F  CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION. 

C 

Taarrer~e 

& 
9 

" z %  
E 

E 

E 

E 

E 

E 

E 

. . . . . .  
E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  
w 
'?I 

W 

W 

W 

W 

W 

W 

W 

W 

W 

......... 

N 

N 

9 

N 

N 

9 

8 

8 

N 

N 

5 

8 

5 

8 

N 

N 

N 

N 

8 

8 

N 

8 

N 

N 

9 

N 

N 

8 

8 

F:: tion 

-- 

0 I 

37 56 

28 26 

7 20 

54 25 

35 4 

7 a 

Mean 

6 17 

- 3 36 

18 31 

58 35 

14 36 

7 37 

I 21 

- 4 ji 

61 21 

33 9 

30 17 

55 j8 

Mean 

47 43 

23 42 

7 I 

40 31 

- I 43 

37 56 

28 26 

7 ao 

54 25 

35 4 

7 a 

7 a 

Mean 

.- 
2 

3 n 8, 

3 

1894 
Dec. 13 

,, 14 

t 

$ 

2 

1 2  

1.3 

14 

14 

13 

14 

... 

14 

14 

14 

6 

14 

14 

11 

13 

I I  

13 

14 

8 

14 

13 

14 

7 

14 

14 

lo 

14 

13 

14 

9 

l o  

p Andromedm 

148 Gr. 80 

c Piaoium 

p Cassiopeim 

B Andromedm 

199 Gr. 80 

u Piscium 

4046 Gr, 80 

cl Andromedm 

B Caasiopeim 

y Prgaei 

50 ar. 80 

67 I, 

69 I I  

73 I, 

rhdromedm 

8 Andromedle 

a Casaiopeim 

0 cassiopeim 

{ Andromedm 

8 Piscium p 

r Andromedre 

133 Gr. 80 

p Andromedm 

148 Or. 80 

r Piscium 

p Cassiopeim 

B Andromeb 

199 Gr. 80 

200 ,, 

(E), Lot. 25O 38', BY BUBBARD WITH TXLBBCOPE NO. 1. AT JASK 

Observed 

Time of 

h i t  

h m  a 
o 49 54'48 

o 51 8.87 

0 56 30.81 

1 0 13-91 

I 150.37 

I 7 15'93 

05759  

23 52 46.30 

z j  55 18.36 

0 147'13 

o 119.96 

o 6 40'31 

0 14 2-69 

0 18 52-61 

0 1.3 31-66 

0 25 46.66 

0 30 5-52 

0 32 32-14 

0 33 19.24 

0 14 45 

0 37 39'97 

0 40 36'20 

0 42 5'03 

0 41 49'67 

046 30.06 

0 49 44.14 

0 50 58-63 

o 56 20.55 

I 0 3-54 

1 2 40'07 

I 7 5-65 

I 7 6.99 

o 5 I 58 

Corrected Transit 
Time of 

- T 

• 

3 
.! = s 

for Correction 

K 
I4 

Ascension Right - B.A. 
g - 

h m  r 
o 50 55.57 

o 51 9.12 

o 57 ~ 9 . 8 8  

I I 16.98 

I j 51-28 

I 8 15-01 

23 53 55.07 

r j  56 26.60 

o 157.33 

o 3 33.71 

o f 49-65 

o 15 11-60 

o 2 0  1-31 

o 24 4 r . w  

o 2; 1-11 

o 31 16-20 

o 33 42.73 

o 34 32.50 

o 38 51-16 

041 46.38 

0 43 14.22 

044 1.04 

04;  38.76 

o 50 55'55 

o gr 9.21 

o 57 29.88 

I I 16.96 

I 3 51.27 

I 8 15-01 

I 8 16.39 

4 0  n 

8 %  
as 

4 

a 
-0.08 

-0.07 

-0.06 

-0.1 I 

-0.08 

-0.06 

-0.06 

-0.06 

-0'07 

-0 .12  

-0.06 

-0.06 

-0.06 

-0.06 

-0.13 

-0.07 

-0.07 

-0.11 

+o.o9 

+o.of 

+o.o6 

+o.o8 

+o.06 

+o.& 

+omof  

+0.06 

+o.r l  

+o.o8 

+o.ob 

+om06 

6 

+ o e j 4  

+oa31 

+o.a6 

4-0'41 

+ o a j j  

+oe26 

+oe21 

+om19 

+oe25 

+oa36 

+oezz 

+oSa l  

+oZ2o 

+o.19 

+oa38 

+0.26 

+oaz5 

+ o m s ,  

+oV28 

+0*22 

+o01g 

+0.26 

+oS18 

+om15 

+oVz3 

+o.19 

+0°30 

+oS24 

+om19 

+on19 

Epooh Mean 

- T~ 

A m  s 
o 49 55-61 

o 51 9-17 

0 56 29'95 

I o 16.91 

I 2 51-16 

I 7 15'05 

52 45'31 

55 1 6 . 8 ~  

o I 47'48 

o i 23.6; 

o 6 39-79 

o 14 1 - 7 7  

o 18 51.35 

o i j  31.07 

o 25 51-21 

o 30 6-22 

o 32 32.61 

o 33 21.47 

o 37 41-19 

o 40 36.35 

0 42 4.18 

042 51-12 

046 28-73 

o 49 45.35 

o 50 59-09 

o 56 19.12 

I o 6-70 

I a 41.04 

I 7 4.80 

I 7 6-14 

a 
+ 0'89 

+ 0.18 

- 1-04 

+ 2-73 

+ 0.66 

- 1-06 

- 1.12  

- 1.64 

+ 0'19 

+ 3'51 

- 0.66 

- 1'05 

- 1'38 

- 1 - 7 0  

+ 4-34 

+ 0'53 

+ 0'31 

+ 3'0.3 

+ 1-88 

- 0.12 

- 1.08 

+ 1.14 

- 1-55 

+ o.go 

+ 0.18 

- 1.06 

+ 2.78 

+ 0.6; 

- 1.08 

- 1-08 

A c n e  

o 30 80 

o 33 az 

Mean of 
tlle two 
lnstru- 

By each 
Star 
= 

R.A.-T 

s 
- 0 . 0 2  

- 0 . 0 2  

-0 .02 

-0.03 

-0.02 

-0.02 

- 0 - o z i j  

-0.0123 

-0.02 

-0.04 

-0.02 

-0 .02  

- 0 . 0 2  

-0 .02  

-0.04 

- 0 . 0 2  

-0 .02  

-o.o.q 

-0.0.3 

- 0 . 0 2  

- 0 . 0 2  

-0.03 

-0.02 

-0 .02  

-0 .02  

- 0 . 0 2  

-0.03 

-o.oz 

-0 .02  

- 0 . 0 2  

m a  

+ o  59.730 

+ I  10.026 

Clock Correction 

Mean '",",",in by 

I,,stru- 
mental 

Posit l o l l  

each ~ r o u p  

m a  
+ O  59-96 

+ O  59.95 

+ o  59-93 

+ I  0.06 

+ I  0'0s 

+ o  59'97 

+ I  9-76 

+ I  9-77 

+ I  9'85 

+ I  10'04 

+ I  9.86 

+ I  9-91 

- + I  9.96 

+ I  9.93 

+ I  10-w 

+ I  9.98 

t 1 10'12 

+ I  10.03 

+ I  9'97 

+ I  10.03 

+ I  10'04 

+ I  9.92 

+ I  10.03 

+ I  10.20 

+ I  10 .12  

+ I  10.16 

+ I  10.26 

+ I  10.23 

+ I  10.21 

+ I  10.25 

m a  

+ O  59-982 

+ I  9.934 

+ I  I O - I I ~  
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TABLE IV. TILBNSIT% OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

4 

2 .- 
ii 2 0 e 

3 "  CI 

4 

1891 

Deo. 9 

,, 10 

TBANSXTS AT 

.z 
" 

8 
h - 
5 

q 5 u  4 - m .  

2 , ;  

W 

W 

W 

W 

W 

W 

w 

, W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

(W), 

Observed 

Time of 

~ rana i t  

h m  r 

o 737.59 

o 8 57-61 

o rl  21.89 

o 12  54-92 

o 15 2 1 - 1 2  

o 19 0.11 

o 14 21-67 

o 26 52.81 

o 31 3.08 

o I 7 30 

o 33 29-75 

041 34.14 

o 43 47'37 

048  49.9; 

o 50 41.85 

o 43 41 

23 21 57'59 

23 23 45'46 

23 26 1-51 

23 28 38.91 

23 32 53.05 

23 35 7-99 

23 37 18.85 

23 38 36-92 

134043.64 

2.3 47 3-69 

23 52 19.27 

23 56 35.88 

o o 13-71 

o 2 52 .q  

23 40 18 

BUSHIRE 

z 
t 
0 
a 
0 

f 

0 

14 

11 

1 1  

12 

8 

r r  

13 

14 

9 

12 

9 

13 

1 2  

1 2  

9 

14 

13 

11 

14 

14 

lo 

12 

13 

13 

13 

9 

13 

lo  

CONYXGHAM 

CollW~bd 
Time of 
Transit 
-T 

h m  r 

o 736.99 

o 8 57.40 

o 11 23-41 

o 12 57.07 

o 15 22.56 

o 18 59-46 

o 24 2 1 - 2 7  

o 26 51.60 

o 31 4-07 

o 33 30.19 

0 4 1  34-01 

o 43 48.86 

o 48 49-43 

o 5043.05 

zr 57-70 

23 23 45-06 

23 26 1.61 

a3 28 38.84 

23 32 53-25 

23 35 8.22 

23 37 18.51 

13 38 36.82 

-0'03234043'93 

23 47 3-40 

52 19'09 

23 56 35.73 

o o 13-32 

o a 52.18 

E 

S 

S 

N 

N 

N 

8 

N 

8 

N 

N 

S 

8 

8 

N 

N 

8 

N 

N 

N 

N 

8 

8 

N 

S 

. 8 

S 

8 

8 

Star 

Name 

y Pegasi 

27 Gr. 80 

38 S I  

44 9s 

52 ,I 

55 91 

68 1 s  

76 ,I 

w Andromocb 

1 Andromedm 

{dqdromedm 

121 ar.  80 

136 11 

p Andromedm 

3939Gr. 80 

70 Pegaai 

3949 Or. 80 

3959 ,, 

I dn3romedm 

3980 Or. 80 

3988 IS 

3989 ,, 

3991 ,, 

*I3 I I  

N3O ,I 

4047 ,, 

4059 11 

~Andromedm 

WITH TELRSCOPB 

Right 

Amension - R.A. 

m  r 

o 749'70 

o 9 10.07 

o 11 36-12 

o 13 9-13 

o 15 35.23 

o 19 12-05 

o 24 34.84 

o 27 5'18 

o 31 16-26 

o 33 42'79 

041 46.43 

04)  1.29 

o 49 1.82 

o 50 55.61 

23 zz 3.0) 

23 23 50.36 

23 26 6.96 

2 3  28 4 . 1 1  

23 -32 58'59 

23 35 13.57 

23 37 23'72 

23 38 42.17 

234049.29 

23 47 8.55 

23 52 24-19 

23 56 40'82 

0 0 18-49 

o 2 57.38 

Declina- 

0 I 

1436 

19 37 

38 6 

43 12 

37 23 

13 44 

29 to  

19 43 

33 9 

Mean 

30 17 

23 42 

40 30 

18 37 

37 56 

Mean 

42 zo 

12 11 

38 40 

30 45 

qa 41 

43 45 

15 45 

28 47 

45 50 

18 32 

24 33 

26 32 

12 49 

28 31 

Mean 

Mean 

~ ~ w h  

= TW 

A m r  

d 

o 30 36 

- 

Lat. 280 68', BY LENOX No, 2. 

By 
Star 
P 

R.A.-T 

m a  

+ O I Z ' ~ I  

+ o  12-67 

+ O  12-71 

+ o  12.66 

+ O  12-67 

+ O  12'59 

+ o  12.57 

+ o  12'58 

+ O  12.19 

+ O  12-60 

+ O  12-42 

+ o  12.42 

+ o  12-39 

+ o  12'56 

+ o  5.26 

+ o  5..30 

+ o  5.35 

+ o  5'27 

+ O  5'34 

+ O  5'35 

+ o  5.21 

+ o  5-35 

+ o  5.36 

+ o  5'15 

+ o  5-10 

+ o  smog  

+ O  5'17 

+ O  5-20 

c 
- 0  
a's 
Ef.? =,. 
E $  

r 

1.11-o.oz 

-0.02 

- 0 - 0 2  

-0.03 

- 0 . 0 2  

-oaoz 

-0 .02  

- 0 . 0 2  

-0.02 

-0.02 

-0.02 

-0.o.3 

- 0 . 0 2  

-0 .02 

-0'0323 

-0.02 

- 0 ' 0 2  

- 0 . 0 2  

-o'o.z 

-0'0.3 

-omoz 

-0.02 

- 0 . 0 2  

-0.0223 

-oeoz 

- 0 . 0 2  

- 0 - 0 2  

for 

.- 

.a a .- 
W 

8 

- 0.74 

+ 0.8; 

+ 1.4; 

+ 0.80 

- 1-16 

+ 0.02 

- 0.74 

+ 0.38 

+ 0 . 1 2  

- 0.43 

+ 1.14 

- 0.81 

+ 0.86 

+ 0'32 

- 0.30 

+ 0 .22  

+ 0 . 0 4  

+ 0.33 

+ 0.36 

- 0 .24  

0.00 

+ 0.43 

- 0.19 

- 0.08 

- 0.05 

- 0.29 

- 0 . 0 1  

u 
2 
.- = 
6 

r 

+o. lz  

+ O . I S  

+om16 

+o'l:, 

+ 0 . 1 2  

i-0.13 

to.12 

to .14 

-0.13 

-0'1.3 

-0.15 

- 0 ' 1 2  

-0.15 

-0.16 

- 0 ' 1 2  

-0.15 

-0.14 

-0.16 

-0.16 

- 0 . 1 2  

-0.13 

-0.17 

-0 .12  

-0.13 

-0.13 

- 0 ' 1 2  

-0'13 

Clock Corqction 

Mean by 
In 

Inatru- 

Poaition in 
each 

a r  

+O 12'594 

+ o  12-480 

+ O  5'250 

Correction 

8 

+ O ' I Z + O ' ~ I -  

+o-43 

+om52 

+o'55 

+o'51 

+om4t  

+oV47 

+0'43 

+0'49 

+o'47 

+o '4 j  

+o.53 

+0'42 

t o . 5 1  

+oeo6 

+oao4 

+o'o.s 

+o.o5 

+o306 

+o'o6 

+0.04 

+oS05 

+0.06 

+oSo4 

+0'05 

+omo5 

i-0'04 

+o .o j  

=aily 
Yean of 
the 
~nstru-  
me"ta1 

Po~itions 

m r  

+ o  la.gjg 
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TABLE IP. TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

! 
.! 3 
4" 
4 

1894 

Dm. 10 

,, 11 

+ 

TRAN~ITS AT 

Star 

BUSHIRE 

a : 
L 

P 

: 

6 
ir, 

11 

r l  

10  

lo 

8 

1.3 

11 

1 2  

11 

13 

12 

13 

1 1  

13 

1 2  

I 1  

15 

11 

15 

13 

13 

11 

15 

14 

O 
.o 
C .- 
g - 
01 

WITH TBLBBCOPX 

Ascension 

-&A. 

h  r 

o 451.45 

o 7 49'69 

o 9 10.06 

o 11 36.10 

0 13 9'71 

o r5 35-22 

o 19 12.04 

o 27 5.17 

o 31 16.15 

0 3 3  42-78 

o 41 46.42 

13 26 6-94 

23 a8 44-10 

23 32 58'58 

13 35 13'55 

23 37 ~ 3 . 7 1  

2.3 38 41.16 

23 44 20.17 

23 47 8.54 

23 ga 24.18 

1.3 56 40.81 

o o 18-48 

o a 57.37 

Name - 

16 0 r .  80 

7 Pegasi 

8 Qr. 80 

38 

4.4 I, 

62 ,, 
65 ,I 

75 ,I 

*Andromedm 

8Alrdromedm 

{Andromedm 

1 2 1 0 r . 8 0  

3949 Qr. 80 

3919 ,, 
I Andromeda, 

3980 Qr. 80 

3988 ,I 

3989 ,, 

4003 9, 

4013 ,, 
4030 ,I  

7 I, 

4059 ,, 
o Andromedm 

(W), Lot. 2v 55', nY LICNOX COSYNQHAM 

Observed Corrected 
Time of 

Timo of 

Trollsit 
Transit 

.- =T 

Mean 

Epoch 

- T~ 

h m i  

5 ' 1 3 0 0 0 5 5  

neclina- 
tion 

0 ,  

45 29 

14 36 

19 3; 

38 6 

43 1 2  

37 13 

13 4 

19 43 

33 9 

30 17 

a3 41 

4 0 3 0  

Mean 

38 40 

30 45 

41 41 

43 45 

15 45 

48 47 

28 16 

18 ja 

24 33 

26 .?a 

1 2  49 

a8 31 

Mean 

NO. 8. 

A m  s 

o 445.52 

o 7 44'69 

o 9 4-92 

o 11 30.45 

0 1.3 3.99 

o 15 29-71 

o 19 7 .11  

0 2 7  0.10 

o 31 11-oo 

0.33 37'49 

o 41 41.31 

o a I 31 
f 

2.3 26 9-01 

2.3 28 JG--36 

23 33 0'42 

2.3 35 15.38 

2.1 37 16.39 

13 38 44'47 

2.3 44 22-58 

2.3 47 11.11  

13 52 16.73 

2.3 56 43.28 

o o a1.10 

o z 59'76 

2.3 4.3 37 

By eaclr 
Star - 

R.A. -T 

o, r 

+ O  5'10 

+ O  5'03 

+ o  5.07 

+ o  5.15 

+O 5-07 

+ o  5"03 

+ o  4.98 

+ o  4-90 

+ o  4-88 

+ o  5.00 

+ o  4-95 

0 4 4 1 ' 2 8 + 0 4 . 8 6 + 0 S ' o o g + o  

-0 1.49 

-0 2-47 

-0 2.37 

-0 2-38 

-0 2.57 

-0 1.48 

-0 1'55 

-0 2.52 

-0 2.62 

-0 1'58 

-0 2'56 

-0 2.55 

r 

+0'18 

f0 .13  

+0'14 

+o.16 

+ o ' I ' /  

+om16  

+ O ' I R  

+o.rq 

+0.16 

+om15 

+ 0 .14  

+om35 

+0.32 

+0.37 

+0'37 

+o.zS 

+om31  

t0 .32  

t o . 2 9  

+o.30 

+o..?l 

+o.a; 

+ o ' l z  

I 

+0'17 

~ 0 . 1 2  

+o'12 

+o'15 

+0'16 

+ O ' I S  

+ O ' U  

t o - 1 2  

+o'14 

+oa1.3 

+0-13 

-0 .14  

-0'13 

-0.15 

-0.16 

- 0 . 1 2  

-0.13 

-0.13 

- 0 . 1 2  

-0.12 

-0'4.3 

- 0 . 1 1  

-0.1.3 

" 

4 2 7  

Clock Correction 

b!ean by 
htors In 

1 n s t . r ~ -  
n r e ~ ~ t a l  

Position in 
eacll ~ r o u p  

m 8 

-0 2'51.3 

s 

f 0.42 

- 0.26 

- 0 . 1 ;  

+ 0.21 

+ 0.35 

+ 0.19 

- 0.28 

- 0'1;  

+ 0.09 

+ 0'0.3 

- 0.10 

o q 3 5 5 ~ 8 6 + 0 ' 1 5 + 0 ~ 1 ; + 0 . a ~ - o . o 3 0 4 3 5 6 . 4 a  

+ 0'23 

+ 0.04 

t 0'34 

+ 0'37 

- 0.25 

0.00 

- 0.01 

- 0 . 2 0  

- 0.09 

- 0.05 

- 0'30 

- 0 .01  

N 

S 

9 

N 

N 

N 

8 

S 

N 

N 

S 

N 

N 

N 

N 

N 

9 

8 

8 

9 

8 

8 

8 

8 

Daily 
&lean of 

men'a' 

m  r 

W 

W 

W 

W 

W 

\V 

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

P: 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

8 

-0.0.3 

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0'03 

-0.02 

-0 .02  

-0.02 

-0 .02  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 ' 0 2  

-oeo3 

-0.03 

- 0 . 0 2  

-0 .02  

-0.02 

- 0 . 0 2  

-0 .02  

-0.02 

- 0 . 0 2  

- 0 . 0 2  

A m  a 

o 446.26 

o 7 44.66 

o 9 4.99 

o 11 30.95 

0 13 4.64 

o 1530.19 

o 19 7-06 

o 27 0 .17  

o 31 11-37 

o 33 37.78 

041 41-47 

23 26 9'43 

23 a8 46.57 

23 33 0.95 

23 35 15.93 

23 37 26-28 

23 38 44-64 

23 4 12'74 

2.3 47 11.06 

23 52 26.80 

23 56 43-39 

o o a r9o+  

o a 59-92 
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!Z"LE W. TaANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION 

+ 

1 & Q - 
4 

I894 

Dec. 11 

,, 12 

T B ~ B I T B  AT 

1 Q 

4 % 5  
E 

W 

W 

W 

W 

W 

'# 

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

...... 

Epoch Mean 

- Tw 

h m s  

o a 38 

7 Name 

16 Or. 80 

7 Pegwi 

27 Qr. 80 

38 I, 

$4 I,, 

52 18 

55 ,, 
76 I,  

r Andromeda 

8 Andromeda 

(Andromedse 

121 Or.80 

r Andromedm 

8980 ar. 80 

3988 ,, 
3989 ,, 
3991 ,, 

4003 I, 

4013 ,I 

4030 9, 

7 3, 

4059 ,, 
a Andromedm 

16 Gr. 80 

NO. 2. 

each 
star - 

RA.-T 

m r  

-0 1'4; 

-0 2-61 

-0 2.63 

-0 2.63 

-0 2.60 

-0 a.61 

-0 2.72 

-0 2 - 7 1  

-0 a.76 

-0 2.66 

-0 2.80 

-0  2.86 

-0 10.32 

-0  10.28 

-0 10.4; 

-0 10.42 

-0 10.29 

-0 10.4G 

-0 10.43 

-0 10'53 

-0 10.51 

-0 10.46 

-0 10.44 

-0 10.33 

Declina- a 
tion 

WITH T J i ~ m e c o ~ ~  

Ascension Bight - R.A. 

h m  Y 

o 4 51-43 

o 7 49.68 

o 9 10.05 

o 11 36.09 

o 1.3 9.10 

o 15 35'20 

o 19 12-03 

o a f  5'16 

o 31 16.24 

o 33 41.7; 

041 46.41 

044  1.26 

23 32 58.56 

23 35 1g.j3 

23 37 23.69 

1.3 38 42-14 

2.3 40 49'S5 

23 44 20.16 

2.3 47 8.52 

23 52 24'17 

a3 56 40.79 

o o 18.4; 

o 2 57.36 

o 4 51.41 

BUSHIRE 

1 
g 

10 

15 

15 

15 

13 

15 

8 

13 

13 

15 

15 

9 

14 

15 

14 

11 

I 2  

14 

14 

13 

15 

15 

15 

14 

Clock Correction 

Yean in by 

Instru- 
nientnl 

PosiLion in 
each 

m r  

-0 2.673 

-0 10.412 

0 ,  

45 29 

14 36 

19 37 

38 6 

43 ra 

37 a3 

13 44 

19 43 

33 9 

30 17 

23 42 

40 30 

Mean 

4a 41 

43 45 

15 45 

a8 47 

45 50 

28 15 

18 32 

24 33 

26 32 

12  49 

28 31 

45 29 

Mean 

Mean Daily of 
"le 

lnstru- 

Poeitions 

m a  

-0 1.593 

N 

8 

8 

N 

N 

N 

8 

8 

N 

N 

8 

N 

N 

IY 

8 

8 

N 

8 

8 

8 

8 

8 

8 

N 

(W), Lot. N' 55') BY LENOX CONYNGHAM 

rir:: *usit o . - Fi '- 

. 

r  

+ 0.43 

- 0.57 

- 0.18 

+ o'al 

+ 0.36 

+ 0.19 

- oaa8 

- 0'18 

+ 0.09 

+ 0.03 

- 0.10 

+ 0.28 

+ 0.~33 

+ 0.36 

- 0.24 

0.00 

+ 0'42 

- 0.01 

- 0'19 

- 0-08 

- 0'05 

- 0.29 

- 0.01 

+ 0.41 

r  

4-0.47 

+0.35 

+om36 

+oa44 

+0'46 

+o.43 

f0.34 

+om36 

to .41  

+om40 

+o.38 

+0'45 

+o.26 

+o.a6 

+0'20 

+o.z t  

+O'Z: 

+o.22 

+o'zo 

+o'za 

+o 'az  

+0.19 

+o.a2 

+o'a7 

A A 

Corrected Time Transit of 

5 1 -T 5 s  

h m  r  

o q 52.87 

o 7 52.12 

o 9 la-40 

o 11 37.95 

o 13 11-36 

o 15 37'07 

o 19 14'59 

o 27 7-59 

o 31 18.39 

o 33 44.89 

0 4 1  48.83 

044  3 . ~ 7  

o 21 38 

23 33 8-47 

23 35 23.37 

23 37 34'33 

23 38 52-48 

13 40 59'04 

13 44 30-55 

23 47 19-07 

a3 ga 34.70 

23 56 51.27 

o 0 29.16 

0 3 7.73 

o 5 I - a j  

23 47 59 

< 

a  

-0'0.3 

-0 .02  

-o.ol 

-0-oa 

-0.03 

- 0 ' 0 2  

- 0 . 0 2  

-0'01 

-0 .02  

- 0 . 0 2  

-0 .02  

-0.03 

-0.03 

-0.03 

-0.02 

- 0 . 0 2  

-0.03 

-oSoz 

- 0 . 0 2  

- o m 0 2 a j  

-0.02 

- 0 . 0 2  

- 0 . 0 2  

-0.03 

6 

J 

+oa16 

+ O - I Z  

+ o a l z  

+oa14 

t0 .15  

+o'14 

+ O ' I Z  

f 0 . 1 2  

t o - 1 3  

t0 '1.3 

+o. rz  

+0'15 

-0.15 

-0.1 j 

-0.11 

- 0 ' 1 2  

-0.16 

-0 .12  

- 0 ' 1 1  

-0 ' 12  

- 0 ' 1 2  

-0.11 

- 0 ' 1 2  

-0.15 

h m  r  

o 4 53.90 

o 7 52'30 

o 9 12-68 

o 11 38-72 

o 13 1a.30 

o 15 37'81 

o 19 14.75 

027 7'85 

o 31 19.00 

o 33 45.43 

0 4 1  49'" 

044  4-12 

23 33 8.88 

23 35 23'81 

13 37 34.16 

23 38 52.56 

23 40 59'54 

23 44 30.61 

23 47 18.95 

52 14.70 

23 56 51.30 

o o 28'9.3 

o 3 7-80 

o 5 1'74 
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TABLE IP. !l!RANSITS OF CLOCK STBBS AND DEDUCTION O F  THE CLOCK CORRECTION. 

\ 

CONYNQHAM 

Corrected 
Time of 
Transit - T 

h  8 

o 8 7'84 

o 9 28.22 

o 11 5 4 . 2 ~  

o 13 27'82 

o 15 53'34 

o 19 30.23 

o 24 53'09 

o 27 23'41 

o 31 34'49 

o 34 0.96 

0 4 2  4-75 

0 4 4  19-60 

23 33 23'5r 

2.3 35 38.56 

13 37 48.85 

2.3 39 7.22 

z j  41 rq 'rg 

23 4445'2.3 

2347 33'66 

WITH TELZSCOPE 

Right 

Ascension 

-B.A. 

h m s  

o 7 49.66 

o 9 1 o . o ~  

o 11 36.06 

o 13 9-67 

o 15 35'17 

o 19 1 2 . 0 1  

o 24 34'79 

o 27 5 '14 

o 31 16-22 

o 33 42.74 

o 41 46.39 

0 4 4  1.13 

23 31 58'52 

23 35 1.3'50 

23 37 23.67 

2.1 .38 42.1' 

2.3 40 49.21 

7.3 44 10'14 

2347 8.50 

TBARBITB AT BUSHIRE (W), Lot. 28' 65: BY LENOX 

BLar .- "o Correction for 
4 I. 

1891 

Dec. 13 

,, 14 

23 51 49'39 

23 57 6-04 

o o 43'65 

o 3 aa-45 

o 5 16.39 

23 52 24'15 

23 5640'77 

o o 18'45 

o a 57'3.3 

o 451.37 

Mean 

Epoch 

- T w  

h m r  

o 5 50 

NO. 2. 

4030 a, 

4047 ,, 
4059 I, 

o Andromedse 

16 Or. 80 

By each 
star - 

R.A.-T 

n r  

-0 18.18 

-0 18.20 

-0 18.16 

-0 18.15 

-0 18.17 

-0 18'22 

-0 18'30 

-0 18.27 

-0 18.27 

-0 18-21 

-0 18'36 

-0 18-37 

-0 24.99 

-0 25.06 

-0 25'18 

-0 ~ 5 . 1 0  

-0 24.98 

-0 25.09 

-0 25.16 

8 

8 

8 

8 

N 

... 

24 33 

26 31 

1 2  49 

28 31 

45 29 

Mean 

y P e g a ~ i  

27 Qr. 80 

38 I, 

-44 ,I 

52 I, 

66 1, 

68 12 

'1'6 I I  

r Andromedm 

1 Andromeda 

(Andromeda 

12LQr. 80 

I Andromedm 

3980 Qr. 80 

3988 ,, 

3989 ,, 

3991 t? 

Moa PI 

4013 , I  

I 
-0 25'24 

-0 25.27 

-0 25.20 

-0 25.12 

-0 25.ol--o 

8 

8 

N 

N 

N 

s 

N 

9 

N 

N 

8 

N 

... 

N 

N 

9 

8 

N 

8 

9 

0 ,  

14 36 

19 37 

38 6 

43 1% 

37 23 

13 44 

29 l o  

19 43 

33 9 

30 17 

23 42 

40 30 

Mean 

42 41 

49 45 

15 45 

28 47 

45 50 

18 15 

18 32 

25.118, 

Clock Correction 

W 

W 

W 

W 

W 

... 

Mean by 

s a~ne  
~ n s t r o -  
mental 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

. .. 

W 

W 

W 

W 

W 

\V 

6' 

Mean of 

InBtru- 

I5 

15 

14 

I S  

12 

... 

14 

13 

15 

13 

14 

15 

14 

15 

15 

15 

15 

14 

... 

13 

13 

14 

1 2  

15 

12 

15 

23 52 49.40 

23 57 6-06 

o 043.58 

o 3 22.49 

o 5 16.58 

23 48 14 

Position i i i  
each ~ r o ~ ~ , l  

8 

-0 18'239-0 

h n  s 

o 8 8.15 

o 9 28-44 

o 11 54.06 

o 13 29.53 

o 15 53.20 

o 19 30.55 

o 24 53-13 

o 17 13.63 

o j r  34.45 

o 34. 0.98 

0 4 2  4-89  

0 4 4  19.40 

0 23 33 

23 33 23.68 

13 35 38.74 

23 37 48.80 

23 39 7.26 

13 41 14-39 

23 4445.27 

2347 33.63 

""ltai 

Po8ition8 

m r  

18.102 

f o . 0 6  

+0.06 

+0.06 

+o.o6 
, 

+0'08 

8 

-0.07 

- o W o i  

-0.08 

-0'09 

-0.08 

-0.07 

-0.08 

-0.07 

-0.08 

-0.08 

-0.07 

- 0 . 0 ~  

+oe07  

+o.o;  

t0 .06  

+o'oG 

'0.08 

+o '06  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-aaoz  

-0.03 

-0.08 

-0.08 

-0.0; 

-0.08 . 
-0 .10 

r 

-0 .02 

-0 .02  

- 0 . 0 2  

-0.03 

-0 .02  

-0.02 

- 0 . 0 2  

-0 .02  

- 0 . 0 2  

- 0 ' 02  

- 0 . 0 2  

-0.03 

-0.03 

-omo3 

- 0 . 0 2  

- 0 . 0 2  

-0.0.3 

- 0 . 0 2  

-0.02 

+ 0'03 

+ 0 . 0 2  

+ 0.10 

0.00 

- 0.14 

8 

+oeoq 

+0.04 

+o.og 

+oa06  

+oeo5 

+0'04 

+o.o5 

+0.04 

t 0.05 

+o.o5 

+o 'o5  

+omo5  

-0.10 

- o e r o  

-0.07 

-oao8 

-0.10 

-0.08 

+o.o6-0'08 

8 

- 0.26 

- 0.17 

t 0.21 

+ 0.35 

+ 0.19 

- 0.2; 

+ 0.01 

- 0.1; 

+ 0.09 

+ 0.03 

- 0.10 

+ 0'27 

- oar I 

- 0 . 1 2  

+ 0.08 

o'oo 

- 0.15 

0.00 

+ 0.07 
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FABLE IV. TRANSITS OF CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION. 

4 

u .- g s 
4 a 

1894 

Dec. 12 

,, 19 

NO 8. 

Mean 

 pock 

- T,t- 

Ts~nsrm 

each 

- 

Btar 

Nune 

y P e p i  

27 Gr. 80 

a8 ,I 

44 I, 

b2 ,I 

66 1, 

68 II  

76 ,I 

r Andmmedm 

i Andromeda 

( Andromeda 

la1 ~ r .  80 

r Andromeda 

3980 or. 80 

8988 11 

8989 ,, 
3991 ,, 

4cm 11 

4018 11 

4030 I, 

4047 I, 

4069 I, 

adndromeda 

16 ar. 80 

AT 

.- g 
; 
& 

3 

* ? ;  - 
a 
4 

W 

W 

W 

W 

W 

w 
W 

W 

W 

W 

W 

W 

... 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

... 

R.A.-T 

m r  

-0 10.56 

-0 10.57 

-0 10'53 

-0 10'56 

-0 10'55 

-0 10'63 

-0 10.68 

-0 10.63 

-0 10.66 

-0 10.63 

-0 10.71 

-0 1p.71 

-0 17 '8.3 

-0 17.84 

-0 18-04 

-0 17'95 

-0 17'85 

-0 17'97 

-0 18'03 

-0 18-07 

-0 18.10 

-0 18.07 

-0 17.96 
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N 
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o 33 42.75 

o 41 46.40 

o 44 1-25 

23 32 58.54 

13 35 1.3'52 
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23 40 49-23 

23 44 20.15 

23 47 8-51 
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TABLE Il? !I!RAN8ITS OF CLOCK ST= AND DEDUCTION OF THE CLOCK CORRECTION. 

% 

Tsarrs~m AT BUSHIBE (W), Ld. a80 66', BY LENOX CONYNQHAM W~TH TELXBCOPE NO. 8. 

Correction for Clock Correction 
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Cbndromedss 

181 Or. 80 

8 

8 

N 

N 

N 

8 

N 

8 

N 

N 

8 

N 

... 
- 

0 I 

14 36 

19 37 

38 6 

43 12  

37 a3 

13 44 

19 10 

19 43 

33 9 

30 17 

a3 41 

40 30 

Mean 

E 

E 
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0 13 9'64 

o 15 35.16 

0 19 11'00 

o 2434'78 

o 27 5-13 

o 31 16-10 
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EXPLANATION OF PABLIC 'V. 

O b 8 e r v a t h  of Tramits of the same Stars at both Statiom, orad Deduction of the 
Dafe'ererzce of Corrected Times. 

This Table includes observations at both stations. 

The seconds of corrected time of transit in the case of the eastern station, Jask, are obtained precisely 
as in Table IV for clock stars. But in the case of the western station, Bushire, there is an additional 
correction on account of the rate of its clock. 

The quantity aought is the difference between the errors of the two clocks at a particular epoch, 
namely, that at which the star transited at the eastern station. Now the interval between the transit of a 
star at the eastern station and its transit at the western station is equal to the Merence of longitude, so 
that the observed time of transit at the western station requires a correction equal to the change in the 
western clock's error during an interval equal to the difference of longitude, i.e., equal to the clock's hourly 
rate correction multiplied by the difEerence of longitude expressed in horn. This quantity ia found for 
each night in the last column of Table VI. There ia therefore a slight inter-dependence between these 
two tables, but no confusion results in practice, for the quantities required from Table V in order to 
form Table VI do not include the correction for clock rate : thus Table V may be brought up to the point 
immediately preceding this entry, then Table VI can be computed in its entirety, and lastly the final 
columns of Table V filled in. 
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EXPLANATION OF TABLE P.--(Cbntinusd). 

I t  will be noticed that though the correction given in the laat column of Table V I  has only one valne 
per night, the quantity entered in Table V has always two values per night. The reason of this is that in 
Table V only two places of decimals are kept, so that the final value might be burdened by an error not 
exceeding 08.005 ; in order to avoid this, care is taken to increase the value entered in Table V by 1 in the second 
place of decimals as often as is requisite to make the mean valne correct to the third place of decimals. 
Thus on December 9th out of 22 entrim, 13 are 08-13, and 9 are Oa.14, so that the mean is 0'.134 which 
agrees with the value in Table VI. 

This method of compensation has been frequently adopted throughout the computations and will 
account for apparent arithmetical inconsistencies in varioua places. 

Having obtained the seconds of corrected time at each station, the difference between them ia taken 
out. These differences are combined into means according to the positions of the two instruments, and 
corresponding to the mean epochs of the groups, and lastly these meana are combined into h a 1  meana 
oorresponding to final mean epochs. 
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P D L E  P. OBSERVATIONS OF TRANSITS OF THE SAME STAR8 AT BOTH 
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STATIOXS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIbLES. 
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TABLE V. OBSERVATIONS OF TRANSITS O F  THE SAME STARS AT BOTH 
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+ 0.04 
+os04 

-0'04 

-o.oj 

-0.04 

-0.04 

-0.05 

-0.04 

-0.04 

+ 0.04 
+ 0'04 
+ 0.04 
+om04 

+o.os 

E 

+ 0'07 
+ 0.07 
+oao8 

+ 0.07 
+oao7 

+ 0.07 
+ 0.08 

-0'01 

-0'01 

-0.01 

-0.01 

-0.01 

-0.01 

-0'01 

+oS16 

+0'17 

+0.16 

+oq15 

+onr7 

+o. 14 

+ 0.14 

+o'oa 

+ O'OZ 
+ 0.02 
+o*oz 

+o'oa 

+ 0.04 
+ 0.04 

+ 0.01 
+ 0-01 
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STATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. 

JA8K (E), Lot. 26O M, Long. 3' 61": AND BUSHIRE (W), f i t .  a80 58: Long. Sb 23". I 
TBAHBITB OB~WVXD AT BUSHIRE (W) BY LENOX COBYNGHAM WITH TELXSCOPB NO. 2. 

Obeerred Time 

i, In r 

3 32 51-49 

3 34 26-99 

3 37 40'93 

3 39 31.74 

3 41 11.62 

3 41 51-22 

3 45 1-90 

3 47 18'57 

3 49 39'39 

3 52 5'79 

3 54 42.84 

3 55 59'57 

3 58 16.21 

4 o 6.81 

4 45 33'40 

4 47 16.16 

4 50 6.56 

4 5' 41.17 

4 55 5-50 

4 56 46-57 

4 59 18'*5 

5 3 39'"' 

5 6 11-15 

5 8 31'71 

5 10 12.09 

5 11 42'91 

S 11 55'87 

5 14 41-18 

ComcLion for 

Diurnal 
cO1lima tion 1 Level (Denat ion  I Aberra- 

tion 

Bate of 1 "."i:k 

8 

-0.14 

-0.14 

-0.14 

-0'14 

-0.14 

-0.14 

- 0. I4 

-0.14 

-0.14 

-0.14 

-0.14 

-0.14 

-0.14 

-0' 14 

-0.14 

-0.14 

-0.14 

-0.15 

-0.15 

-0.15 

-0.15 

-0.15 

-0'15 

-0.15 

-0. B5 

- 0 . ~ 5  

-0.15 

-0.15 

Beconda 

Corrected 
Time L 
51-14 

16'71 

40' 79 

31-44 

11'32 

51 '9' 

7-81 

28'77 

39'66 

6-07 

42-73 

59'32 

16.17 

6.91 

33-70 

I 6-69 

6.78 

41 '19 

5'91 

46'51 

18-16 

38.75 

ra-rg 

31'59 

11.57 

42.96 

55'54 

41'91 

Difference of Corrected Time8 by 
E and W Clocks I 
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TABLE Z? OBSERVATIONS OF TRANSITS OF TIIE SANE STARS AT BOTH 

0 
4 

if 
4 e .- 
8 
Z 
-3 

4 

1894 

Dec. 11 

Lot .  2 2  39/, Long. 3" 51": AXD BUSEIRE (W), Lat. 29 55', Long.  3h 23=. JASK (E) ,  

STAB 

i:zb~ 
2 
& 

-: r n  
m 

S 

N 

8 

S 

8 

N 

N 

N 

N 

S 

8 

S 

N 

N 

N 

N 

8 

N 

8  

fi 

. . . . . .  

s w  
N W  

N W  

8 W  

8 

. . . . . .  

Declination 

TRAXSITS OBSERVED AT JASK (E) BY BURRARD w r ~ n  TELESCOPE KO. 1. 

3 
q g  
5 '2 
2 $ - 
W 

\V 

W 

N 

N 

N 

. . . . . .  

E 

E 

E 

E 

E 

E 

E 

. . . . . .  

E 

E 

E 

E 

E 

E 

E 

W 

Observed Timo 

r, 
Correction for 

~ol l irna~ion 1 L~I-el 1 ~ e i i a t i o n  1 Dil~rnal 
Aberration 

562 

571 

673 

581 

590 

598 

6C3 

608 

613 

618 

621 

G30 

637 

787 

793 

800 

808 

816 

823 

829 

846 

851 

860 

869 

882 

Seconde of 
Corrected 

T I I ~ I ~  

24 59 

31 57 

24 2 

23 47 

23 44 

34 2 

Mean 

31 34 

31 46 

35 29 

17 54 

9 42 

21 48 

27 19 

Mean 

36 31 

43 53 

33 0 

24 53 

40 55 

21 26 

19 40 

Mean 

15 28 

38 21 

32 34 

1 1  13 

19 42 

Mean 

8 

50.81 

5.06 

55.61 

35'42 

15'93 

31'83 

52'77 

3'54 

29'90 

6.60 

23'18 

49'94 

30'10 

56-84 

39-77 

29.91 

4-15 

28.90 

9'54 

41'15 

1.81 

35.23 

54'65 

34'47 

4.73 

h m  t 

3 33 50'61 

3 37 4'40 

3 38 55'47 

3 40 35'29 

3 42 15.80 

3 44 31'01 

3 39 31 

3 46 52-11 

3 49 2-73 

3 51 29.05 

3 54 6-87 

3 55 23'90 

3 57 49'99 

3 59 30'41 

3 53 28 

4 44 55'93 

4 46 38.23 

4 49 29'26 

4 51 4-11 

4 54 27'64 

4 56 9'63 

4 58 41'35 

4 51 38 

5 j 2.11 

5 5 34'02 

5 7 53-08 

5 9 35-00 

5 14 4-79 

5 8 a 

s 

+0.19 

+o'zo 

+ 0.19 
+oa19 

+oe19 

+0'21 

+0'29 

+ 0.30 
+0'30 

+0.26 

+o.z4 

+o'27 

+ 0.28 

+om28 

+ 0.30 
+oS17 

+0.25 

+om29 

+on24 

+0'24 

+0'22 

+0.27 

+oS26 

+o'ar 

+oS23 

- 

1 .  
+ 0.07 
+o.o8 

+oao7 

+ 0.07 
+oe07 

+omo8 

' -0.08 . 

-0.08 

-0.08 

-0.07 

-0.07 

-0.07 

-0.07 

-0.08 

-0.09 

-0.08 

-0.07 

-0. og 

-0.07 

-0.07 

+ 0.07 
+ 0.08 
+ 0.08 
+omof 

+ 0.07 

8 

-0.04 

+ 0.40 
-0.10 

-0.11 

-0.11 

+ 0.5 j 

+oa41 

+0.61 

+ 0.65 

-0'44 

-0.87 

-0.23 

+o'IO 

+0'73 

+ 1.36 
+omq8 

-0.05 

+ r -09 
-0.24 

-0.35 

-0'57 

+oa88 

+0'45 

-0'79 

-0.34 

s 

-0.02 

-0.02 

-o.oa 

-0.02 

-0.02 

-0.01 

-0'02 

-0'02 

- om oa 
-0'02 

-0'02 

-0'02 

-0'02 

-0-01 

-0.03 

-0'02 

-0.02 

-0.03 

-0'02 

-0'02 

- 0'02 
-0.02 

-o'oa 

-0.02 

-0.02 
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STATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. 

JASK (E) ,  Lat. 26' 3q1 Long. 3h 61': AND BUSHIRE (W), h t .  !@ 63', Long. Bb &P. I 
TBAXSITE OBBIBVXI) AT BUSHIRE (W) BY LENOX CONYNCiHdM WITH TXLBBCOPB NO. 2. Difference of Corrected Timee by 

E and W Clockn 
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TABLE V. OBSERVATIONS OF TRANSITS OF THE SAME STARS AT BOTH 

r 

3 
n 
a 
1 
2 
Y 

4 

1894 

Dee. 12 

h t .  2 2  38', Long. 3h 51": AND BGSIIIBE (W), Lat . .28  55: Long. 3h 23'". JASK (E), 

Number , ,r., 

662 

671 

679 

684 

690 

698 

603 

608 

613 

618 

624 

680 

637 

787 

793 

800 

808 

81G 

823 

829 

846 

851 

8C0 

869 

872 

877 

882 

 TAB 

Declination 

0 ,  

24 59 

31 57 

24 2 

23 47 

13 44 

34 a 

Mean 

31 34 

34 46 

35 19 

17 54 

9 42 

a1 48 

17 19 

Mean 

36 31 

43 53 

33 0 

24 53 

40 55 

21 16 

19 40 

Mean 

15 28 

38 21 

32 34 

1 1  13 

40 o 

a1 59 

19 41 

Mean 

!huurn OBBEBFED 

Ob~emed Time 

h m  8 

3 33 39-82 

3 36 53'50 

3 38 44'60 

3 40 14-48 

3 41 5'01 

3 44 20.08 

3 39 21 

3 46 41'31 

3 48 51.87 

3 gr  18-23 

3 53 55'95 

3 55 12.97 

3 57 39'19 

3 59 19'55 

3 53 17 

4 44 45'09 

4 46 27-31 

4 49 18-51 

4 50 53-26 

4 54 16'80 

4 55 58-80 

4 58 30'45 

4 51 27 

5 a 51'31 

s 5 .13'19 

5 7 43'09 

5 9 24'24 

5 10 5.3'77 

5 12 7.64 

5 13 54'13 

5 8 54 

.= 
b 
4 
-; 
G 

8 

8 

S  

N 

N  

N  

8  

8 

8 

N  

N W  

N W  

8 

A W  

8 W  

8 

. . . . . .  

8  

N 

N  

8  

, l U  

8 

8 

. . . . . .  

Seconds of 
Corrected 

T ~ m e  

8 

40.07 

54-22 

44'79 

24.66 

5.20 

20.96 

41 '@ 

52-16 

'9'17 

55.74 

12.31 

39-21 

19'93 

46.15 

29.ot 

19.30 

5.3'49 ' 

18.21 

58.83 

30'37 

50.9' 

24'30 

43' 76 

23.61 

55.01 

7.61 

53'98 

%, 
E'< 
2 s 
2~ 
n 

m 
N W  

W  

W 

S W  

N w  

. . . . . .  
E. 
E 

E 

E 

E 

E 

E 

. . . . . .  
N W  

K 

W  

E 

E 

E 

E 

E 

E 

E 

AT JASK (E) BY BURRABD wrrn TELESCOPE NO. 1. 

Correction for 

Collimation k e 1  1 Deviation 1 
8 

+ 0.05 
+ 0.05 

+ 0.05 
+ 0.05 
+ 0.05 

+omo6 

-0.05 

-0.06 

-0.06 

-0.05 

-0.05 

-0.05 

- 0'05 

+0.06 

+ 0.06 
+ 0.06 
+ 0.05 
+ 0.06 
+ 0.05 
+ 0.05 

-0.05 

-0.06 

-0.06 

-d'05 

-0.06 

-0.05 

-0.05 

8 

-0.04 

+ o - ~ I  

-0'10 

-0.11 

-0.11 

+ 0.55 

+oa38 

+oa61 

+ 0.66 
-0'45 

-0.88 

-0'23 

+O'II 

+ 0.74 

+ a  31 

+0.48 

-0.05 

+]'lo 

- 0 . ~ 4  

-0'35 

-0.58 

+ 0'89 

+0.46 

-0.80 

+ 1.02 

-0.22 

-0'34 

S 

+ 0.26 

+ o. a8 
+0'26 

+oa26 

+oS26 

+ o'ag 

+ 0'35 

+0.36 

+ 0.36 

+0'31 

+0929 

+ 0.32 

+0'34 

+oa28 

t 0.30 

+os27 

+oa25 

+0.29 

+ 0. zq 

+oB24 

+0'25 

+0930 

+ o' a9 
+0'24 

+o'jr 

+oS16 

+oe16 

Diurnnl 
AberraLion 

8 

- 0.01 
-0'02 

- 0.01 
-0.01 

-o*oa 

-0.02 

-0'02 

-osoa 

-0'02 

-0'02 

-o'oa 

-0.02 

-0'02 

-0.0~ 

-0.03 

-0.02 

-onoa 

-0.03 

-oloz 

-0.0~ 

-o'oa 

-0.01 

-o'oa 

-0.02 

-0-03 

-0.02 

-0.0~ 
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9TATION8, AND DEDUCTION OF THE DIFFERENCE OF COBBECTED TIMBS. 

JASK (E), Lot. 25" 38; Long. Sh 61m: AND BUSHIBE (W), Lat. 

Mean 
Epoch 

' T~ 

h m r 

j 46 19 

5 0 1 1  

1 

a8D 56', h g .  3h 23m. 

Truas~m 

Y 0 

& 
- 
P m 

8 

N 

8 

8 

8 

h- 

N 

N 

N 

8 

8 

8 

8 

N 

N 

N 

8 

N 

8 

8 

8 

N 

N 

8 

N 

8 

8 

Timee by 

Me'::' the 

m a 

+ I 2'521 

I 

+ I 3.194' 

I 

NO. 2. 

Beconda 
of 

Corrected 
Time 

e 

42'50 

56.54 

47-28 

27.09 

7'69 

23.57 

44'38 

55.27 

21.70 

58-41 

15.04 

41'80 

22.55 

49.43 

32-39 

22.47 

57'00 

21.70 

a-a9 

33'97 

54'53 

28-05 

47.53 

21-47 

58.85 

11-40 

51-19 

DilTerenco 

BY each 

= F- 

m s 

+ I 2.43 

I 2.32 

1 2'49 

1 2'43 

1 2'49 

I 2-61 

+ I 2-40 

I 2.51 

1 ''53 

I 2.67 

1 1-73 

1 2'59 

1 1-62 

+ I 3-28 

1 3'38 

1 3'17 

I 3'51 

1 3'48 

1 1-46 

I 3.60 

+ I 3'62 

1 3'75 

1 3'77 

I 3.86 

1 3.84 

1 3'79 

I 3-81 

i B  
$g u 

rn 
W 

rn 
W 

W 

W 

E 

E 

E 

E 

E 

E 

1 

E 

E 

E 

E 

E 

E 

E 

w 
W 

W 

W 

W 

W 

W 

BUSHIBE (W) BY LENOX C O N Y N G H U  WITH TELEBCOPE 

Correction for 

Diurnal Rate of 
Collima- 1 Level 1 "e"ation A 1 Clock 

of Corrected 
E and W Clocke 

hiean by 
shrs in same 
Inetrumentnl 

Poeihon 

m r 

+ I 2.462 

+ I 2'579 

+ 1 3'411 

+ I 3.117 

OB~XE?KD AT 

Obeerved Time 

h m  r 

3 34 42-35 

3 37 56'aa 

3 3 9 4 7 ' 1 4  

3 4 1  26.96 

3 43 7-56 

3 45 q.19 

3 47 44-41 

3 49 55.21 

3 Sa 11-62 

3 54 58'68 

j 56 15-48 

j 58 42.03 

4 o 21-66 

4 45 49-34 

4 47 32-12 

4 50 12-46 

4 51 57.17 

4 5 5 2 1 . 5 0  

4 5 7  a-ga 

45934'aa 

5 3 54'57 

5 6 17'54 

5 8 41.17 

5 lo 17'58 

5 1 1  58.29 

5 13 ir-jo 

5 14 57.74 

to T, 

8 

-0'15 

-0'15 

-0.15 

-0.15 

-o.lj 

-0.15 

-0.15 

-0'15 

I 

-0.14 

-o.rg 

-0'15 

-0.15 

-0-15 

-0.15 

-0.15 

-0.15 

-0.15 

-0.14 

-0.14 

-0'15 

-0.15 

-0.15 

-0.~5 

-0.14 

-0.45 

-0.15 

8 

-omoa 

-0.02 

-0.02 

-0.02 

-oSoa 

-0.02 

-0.02 

-oSoa 

-omoa 

-oaoa 

-0.02 

-oeoa 

-0.02 

-0.02 

-0.03 

-0.02 

-0.02 

-0.03 

-oaoa 

-0.02 

-0'02 

-0-oa 

-onoa 

-o.oa 

-0'03 
1 

-o'oa 

-0.02 

8 

+oS1z 

+0'13 

+omla 

+o'la 

to.12 

+omlj 

-0.13 

-0'1.3 

-0'13 

-0.11 

- O*II 

-0.12 

-0.12 

I 

-0.15 

-0.13 

-O.IP 

-omr4 

-0.12 

I 

+OaIl 

. +o'14 

+o.13 

+O.II 

+o*14 

+o.I:, 

+O'II 

a 
+oea8 

+o'30 

+oS28 

+0°a8 

+oe28 

+oa31 

+0'22 

+om23 

+o'a3 

+o.ao 

+o.18 

+onao 

+o'a~ 

+o'za 

+oaaq 

+oSaa 

+omao 

+oa24 

+on19 

+0'19 

+OSZ7 

+0'33 

+0'32 

+o9a6 

+oa34 

+oea8 

+oQa8 

I 

-0'08 

+0'06 

-0.09 

-omlo 

-oelo 

+O'II 

+oeo5 

+0.13 

+o.14 

-0.20 

-0.34 

-0.14 

-0'03 

+o'17 

+oaj6 

+oS09 

-0.08 

+oaa8 

-0.14 

-017 

-0'25 

+oSal 

+oeo8 

-0'31 

+0.25 

-0.13 

-0.17 
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TABLE P. OBSERVATIONS OF TRANSITS OF THE SAITE STABS AT BOTH 

0 
.ba 

a" 
I 

V 

$ 
a 
2 
Y 

4 

1894 

Dec. 13 

Dec. 14 

Lat. 2 2  39, Lung. 3h 6lm: AND BUSIIIRE (W), Lot .  280 55', Long. 3" 23m. JASK (E),  

Soconda of 
Corrected 
Time 

8 

54.26 

29.86 

43'91 

34'55 

14.42 

54'99 

10.80 

31.76 

42.52 

9'05 

45'4 

2.18 

18-95 

9'67 

14-30 

29-64 

44-10 

51.68 

58.88 

43'96 

19'54 

33'71 

24'23 

4'03 

44'66 

60.49 

21-43 

31'19 

58-65 

Number 
in Cfr. 

657 

662 

671 

679 

684 

690 

698 

GO3 

608 

613 

618 

624 

630 

637 

647 

654 

GGO 

667 

676 

657 

668 

671 

679 

684 

690 

698 

603 

608 

613 

STAR 

Declination 

0 ,  

20 34 

24 59 

31 57 

24 2 

23 47 

23 44 

34 2 

31 34 

31 46 

35 29 

Mean 

I 7 5 4  

9 42 

a1 48 

27 19 

33 '9 

17 0 

40 13 

41 53 

4 1 3 3  

Mean 

20 34 

24 59 

31 57 

24 1 

13 47 

23 44 

34 a 

31 34 

34 46 

35 29 

Mean 

TRANSITS OBSERVED 

Obeerved Time 

h m  8 

3 31 54'23 

3 33 29'57 

3 36 4.3' 17 

3 38 34'32 

3 40 14-21 

3 41 54'78 

3 44 9'91 

3 46 31-04 

3 48 41'56 

3 51 8.04 

3 41 20 

3 53 45'76 

3 55 2-09 

3 57 29"- 

3 59 9'39 

4 3 13-60 

4 5 29.96 

4 6 42'97 

4 9 50'31 

4 1 1  57'54 

4 2 3 1 ,  

3 31 44'06 

3 33 19'36 

3 36 33'04 

3 38 24'11 

3 40 3'93 

3 41 44'56 

3 43 59'65 

3 46 20'78 

3 48 31'30 

3 50 57'71 

3 41 1 0  

.La 

3 
m 

-2 
t u  

8 

8 

N  

8 

s 
S W  

N 

N 

N W  

N W  

. . . . . .  
8 

8 

8 

N 

N 

8 

N 

N 

N 

. . . . . .  
s 
8 

N 

8 

8 

S 

N 

N 

N 

N 

. . . . . .  

AT JASK (E) BY BURRARD WITU TELESCOPE NO. 1. 

Correction for 

Diurnal Collimation I Leiel 1 De~ialion 1 
- 
9 
g g  
E : 
z g  
5 & 

W 

W 

'CV 

m 
w 

W 

W 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

a 

+o.o; 

+ 0.07 
+ 0.07 
+0.07 

+ 0.07 
+ 0.07 
+oao7 

+ 0.07 
+ 0.08 
+oS08 

-0.07 

-0.06 

-0.07 

-0.07 

-0.07 

-0.06 

-0.08 

-0.08 

-0.08 

-0.07 

-0.07 

-0.07 

-0.07 

-owof 

-oSo7 

-0.07 

-0.07 

-0.08 

-0'08 

Aberration 

J 

-0'02 

-0'02 

-0'02 

-0.02 

-0.0~ 

-0.02 

-0-02 

-0'02 

-0.02 

-0.02 

-0.02 

-0.02 

-0.02 

- 0*02 
-0.02 

- 0.02 
-0.03 

-0.03 

-0.03 

-0'02 

-0-02 

-oaoa 

-oWoa 

-0.02 

-0'02 

-0'02 

-0.02 

-omoa 

-o'oa 

8 

+o.a7 

+om28 

+oa29 

+oa28 

+ 0.27 
+oaz7 

+ 0.30 
+ 0'29 
+ 0.30 
+ 0.30 

+omz5 

+oa24 

+oe26 

+ o. a7 
+oS29 

+O.ZS 

+oa31 

+oa31 

+ 0'31 

+oa3o 

+oS31 

+0'33 

+0*31 

+O'JI 

+oS31 

+os34 

+ 0'33 

+0'34 

+ 0'34 

8 

-0. zg 

-0.04 

+om40 

-0.10 

-0.11 

-0.11 

+ 0'54 

+ 0.38 
+0.60 

+0'65 
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STATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. 
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T O L E  I? OBSERVATIONfl OF TRANSITS OF THE SAME STAB9 AT BOTH 

JA8K (E), k t .  !dbo 88', h g .  8' 61.: AND BUBHIBE (W), U. 2@ 66', Long. b W. 

S STAX 
n 

B 
4 

!L'MXSITE O B ~ ~ ~ P V X D  AT JA8K (E) BY BUBBABD W I ~  TBLIMX)PI NO. 1. 

1894 

Deo. 14 

2 

618 

634 

680 

687 

6rL7 

664 

660 

861 

676 

Oblerred Time 

A n  8 

3 53 35'45 

3 54 51'53 

3 57 18.64 

3 68 59'O5 

4 3 3'33 

4 5 19-64 

4 6 31'64 

4 9 40'00 

4 1 1  47.19 

4 a 21 

-2 s 

0 

N  

... 

0 I 

1 7 5 4  

9 41 

21 4 

17 19 

33 19 

17 0 

40 13 

41 53 

41 33 

Meur 

2 $  
f Q  

w 
B W  

8 W  

W 

N W  

S W  

N W  

N W  

N W  

... 

Secondr of 
Corrected 
Time 

8 

35-33 

5 1 '9a 

18.77 

59-54 

4-a? 

19'45 

34-17 

41'7a 

48 -85 

Correction for 

Diurnal 

8 

-0.0~ 

-0.01 

-0.01 

-0'01 

-oaaa 

-0.01 

. -0.03 

-0.03 

-0.03 

/I Collimation Deviation 

8 

-0.48 

-0.94 

-0.14 

+O'II 

+ 0.54 
-0'53 

+1*11 

+raa7 

+I-a3 

8 

+ 0.07 
+0.06 

+ 0.07 
+ 0.07 
+ 0.07 
+oSo6 

+om& 

+ 0.08 
+ 0.08 

8 

+oa31 

+0°19 

+ o-la 
I 

+O'33 

+ 0'35 

+oe3o 

+ 0'37 

+on38 

+ 0.38 



A R C  J A S K - B U S H I R E .  

flTATION8, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIME8. 
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EXPLANATION OF TABLE PI. 

Dedzcction of Clock Rate  Correctiow. 

From the results contained in Tables 111, I V  and V, the clock rate correction can now be deduced. 

Column 1 contains the name of the arc. 

,, 2 contains the approximate difference of longitude in minutes and decimals of a minute. 

,, 3 contains the date. 

,, 4 contains the observed clock correction as deduced from observations of clock stars in Table IV. 

,, 5 contains the epoch to which the foregoing correction corresponds, also from Table IV. 

,, 6 contains the hourly clock rate as deduced from observation of clock stars. To obtain this the rate 
from day to da$ is computed by dividing the difference between two consecutive clock 
corrections, in column 4, by the number of hours between the epochs, as given in column 5. 
Theu the mean of two consecutive rates is taken as belonging to the date which lies between 
them. 

,, 7 contains the liourly clock rate as deduced from observations of longitude stars. The rate from 
night to night is obtained from the observed times of transit of the same star on two 
consecutive nights, the difference between the two being divided by 24 hours. The mean of 
the results obtained from individ~~al stars is taken as the rate during the 24 hours between 
the two nights, and the mean of the rates during two consecutive periods of 24 hours is 
taken as the rate on the night between them. 

,, 8 contains the mean of columns 6 and 7. 

J, 9, 10, 11, 12  and 13 contain similar quantities to those in columns 4, 6, 6, 7 and 8 but for the other 
station. 

,, 14 contains the relative hourly clock rate during each night deduced from the clock comparisons, the 
value entered is the mean of all the values appertaining to the night, contained iu the last 
column of Table 111. 

W e  have now the hourly rate of each clock derived from star observations, and also the relative hourly 
rate of the clocks derived from the clock comparisons. I t  is clear that the last should be equal to the 
algebraic difference of the f i s t  two, i.e., using the notation given on the Table, we should have 

Hence in  forming the final value of the hourly clock rate we take H, = 4 (he + h, - R), and the 
resulting value is entered in column 15. 

Similarly Hw = f (hw + he + R), which is given in  column 16. 

In  column 17 is given the change in the error of the Western clock during a period equal t o  the 
difference of longitude. The use of this quantity has already been explained in connection with Table V. 
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TABLE VI. DEDUCTION OF CLOCK BATE CORRECTION. 
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EXPLANATION OF Z ! L E  VII. 

~ e t h r d a t i o n  o j  the Electric Carrent. 

The retardation of the electric current computed in this Table does not enter into the difference of 
longitude, but much interest attaches to its value, and clearly any abnormal result would throw doubt upon 
the accuracy of the clock comparison whence it was deduced. 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 contains the time by the East or Jask clock corresponding to the middle of the period during 
which a comparison wtu being made at Jask, that is, during which Bushire was transmitting 
signals to Jask. 

,, 4 contains the time, still by E clock, corresponding to the middle of the period during which Jask 
was transmitting signals to Bushire. 

,, 5 contains the interval between the times given in colnmns 3 and 4. 

,, 6 and 9 contain the differences between the clocks aa observed at Bushire and Jaak respectively. 

The differences given in columns 6 and 9 have to be reduced to the same epoch and to do 
this the difference observed at Bushire reoeives a correction equal to the relative hourly 
clock rate, taken from the last column of Table 111, multiplied by the interval given in 
column 5 reduced to the decimal of an hour. This correction and the corrected difference 
between the clocks as observed at Bushire are given in columns 7 and 8. 

,, 10 contains half the Merence between columns 8 and 9. 
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P ! L E  VIZ RETARDATION OF THE ELECTRIC CURRENT. 
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EXPLANATION OF TABLE VIII. 

Reduction of Clock Corrections and Clock Comparisons to the same i!?pochs. 

Having now obtained the clock corrections at different epochs on each night, and also the differences 
between the clocks at other epochs, it remains to reduce them both to the same epochs. 

This table deals only with observations of clock stars and'the attendant comparisons. 

Column 1 contains the date. 

,, 2 and 3 contain the times in terms of the Jask clock at which the clock comparisons were made 
(taken from ~ s b l e  111) and their mean. 

,, 4 and 5 contain the times in terms of the Bushire clock at which the clock comparisons were 
made (from Table 111) and their mean. . 

,, 6 and 7 contain the observed differences between the clocks (from Table 111) and their mean. 

,, 8 and 9 contain the mean epochs of the clock corrections at the two stations (from Table IV). 

,, 10 contains the difference between columns 3 and 8. 

,, 11 contains the difference between columns 5 and 9. 

,, 12 and 13 contain the clock corrections at the epochs given in columns 8 and 9 (from Table IV). 

,, 14 and 15 contain the hourly clock rates (from Table VI). 

,, 16 'and 17 contain the corrections for rate for the periods entered in columns 10 and 11 respectively, 
that is, the product of columns 10 and 14, and of columns 11 aud 15. 

,, 18 and 19 contain the sums' of columns 12 and 16 and of columns 13 and 17. The quantitiea 
obtained being the clock corrections at the epochs of the comparisons, that is, at the epochs 
contained in columns 3 and 5. 
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TABLE VIII. REDUCTION O F  CLOCK CORRECTIONS AND- CLOCK COMPARIBONS TO T H E  SAME EPOCHS. 
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EXPLANATION OF TABLE IX. 

Beduction of Clock Com.parisovts alzd the Dife'erences between the Clock Go?-rectionr 
to the same Epochs by Interpolation. 

This table has the same object as the list but deals with the observations of longitude stars and the 
comparisons which are connected therewith. 

Column 1 contains the date. 

,, 2 contains the epochs whether of clock comparisons, from Table 111, or of the differences of 
corrected times, from Table V, arranged in order of sequence, and all in terms of the 
East clock. 

,, 3 contains the difference of the corrected times, from Table V, entered in line with its epoch. 

,, 4 contains the difference between the two clocks by direct comparison, from Table 111, entered in 
line with its epoch. 

,, 5 is obtained by interpolation from column 3 and is the corrected difference between the observed 
times at the epoch of the middle comparison, in line with which it is entered. 

,, 6 contains the difference between the clocks brought up by interpolation from column 4, to the 
epochs of the quantities in column 3. 

If, as on the 13th and 14th December, only one value of the Merence between the corrected times be 
available, column 5 must be left blank. 
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TABLE IX. REDUCTION OF CLOCK COMPARISONS AND THE DIFFERENCES BETWEEN THE 
CLOCK CORRECTIONS TO THE SAME EPOCHS BY INTERPOLATION. 
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Comparison 

m  J 

... 

... 
+ 0 7'374 

... 
a,. 

... 
,.. 

+ 0 25.5og 

.., 

... 

... 

... 
+ 0 44'456 

..a 

a,. 

... 

... 
+ I 3'255 

. , . 

... 

... 

... 
I.. 

. # I  

..a 

... 

Data 

1894 

9 December 

s) l o  

S) 11 

18 12 

81 18 

1) 14 

v 

Difference 
between tlie Clock 

Corrections - 
Difference of Corrected 

Times of Table V 

m a  

... 
+ o 6.833 

. a .  

+ o 7.663 

... 

... 
+ 0 24.911 

..a 

+ 0 25'791 

... 

... 
+ o 43'718 

... 
+ 0 44'779 

... 

... 
+ I a.521 

.,. 

+ I 3'594 

... 

... 
+ I 20.416 

..a 

... 
+ 1 37'659 

... 

Tg E p o c h  

h m  a 

3 32 9 

3 49 29 

4 35 49 

5 0 32 

5 53 19 

3 21 5' 

3 46 '1 

4 36 41 

5 0 33 

5 52 40 

3 26 3 

3 46 30 

4 37 32 

4 59 50 

5 57 31 

3 26 e 

3 46 19 

4 36 5' 

5 0 11 

5 51 21 

3 23 14 

3 51 56 

4 54 43 

3 21 4 

3 5' 46 

4 49 4 

Difference between the 
Times of the two Clocks 

obtained by Direct 
Comparison from 

Table I11 

m J 

27 38.720 

... 
27 37'956 

... 
27 37"33r 

27 20.745 

... 
27 '9.823 

n., 

27 18.894 

27 1'831 

... 
sf 0'880 

... 
26 59'795 

26 42'981 

... 
26 42'100 

... 
26 41'158 

26 25'227 

... 
26 24'135 

26 7'946 

... 
26 6.910 



A R C  J A S K - B U S H I R E .  

EXPLANATION OF TABLE X. 

Deduction of the Di'erence of Longitude. 

Tables VIII and IX contain all the data for computing the difference of longitude. 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 and 4 contain the epochs for which data are available. The first on each night appertains to the 
clock star observations, and is taken from columns 3 and 5 of Table VIII. The others 
belong to the longitude stars, and are taken from column 2 Table IX. 

,, 5 and 7 refer only to clock star observations, and'contain the deduced clock corrections correspond- 
ing to the epochs in columns 3 and 4. The entries are taken from columns 18 and 19 
of Table VIII. 

,, 6 and 8 contain the numbers of clock or longitude stars observed at each station on each night. 

,, 9 contains the difference between the corrections of the clocks. I n  the case of clock stars this is 
equal to the difference between columns 5 and 7, aud in the case of longitude atara it is 
taken direct from column 8 or 5 of Table IX. 

,, 10 contains the difference between the clocks by direct comparison at the epoch given in column 3 ; 
this quantity is to be found either in column 7 of Table VIII or in column 4 or 6 of 
Table IX. 

,, 11 contains the observed difference of longitude, which is equal to the sum of the quantities in the 
two preceding columns. The mean and its probable error are entered at the bottom of the 
column. 

,, 12 contains the value of the personal equation, and its probable error. 

,, 13 contains the Final Difference of Longitude and its probable error. 
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TABLE X. DEDUCTION OF THE DIFPEREXCE OF LONGITUDE. 

Epoch 

.d 

Arc 

' T, 

Jask 

Deduced 

C O O  
Fro111 Table 

VlII 

m r 

+ o  17'329 

+ o  ~7 .605  

+ o  38.589 

t o  49'572 

+ O  59'770 

+ I  10'039 

M 
fi 
5! 

+J 

A 

Difference 

the 
Clocks 

by I)irect 
Co~npr iaos ,  
nt the Epocli 

of 6 

h m  r 

o a7 40.537 

38.512 

37'956 

37.661 

o 27 12.782 

20'445 

19.823 

'9'531 

o 27 4.047 

1'559 

0.880 

0'577 

o 26 45.136 

42'728 

42'100 

41 '805 

o 26 27.282 

24.884 

o 26 9'908 

7'585 

Mean ... 
p.0. 

Difference 
between 

the 
Corrertions 

of the 
rlld lv 

ClocLe - 

m r 

+ O  4'559 

o 6'833 

0 7'374 

o 5'663 

+ o  22.540 

0 24'911 

o 2 j .  509 

p 25'792 

+ o  41.256 

0 43'7'8 

0 44'456 

0 44'779 

+ I  0.098 

I 2-521 

I 3'255 

1 3'591 

+ I  17.890 

I 20.416 

+ I  35'296 

1 37'659 

E 

No. 
of 

Stars 

13 

22 

16 

28 

18 

26 

23 

27 

24 

19 

24 

19 

Bushire 

Deduced 
Clock 

Correction 
From 'luble 

VllI 

r 

+ 12-570 

+ 5.065 

- 1.667 

- 10.526 

- 18.120 

- 25.157 

W 

No. 
of 

Stam 

14 

22 

26 

28 

24 

25 

24 

27 

24 

19 

24 

19 

h m  J 

o 23 50 

o 13 16 

o 15 45 

o 7 46 

O 9 25 

O 8 59 

1894 

Dec. 9 

,, 10 

,, 11 

,, 12 

8 ,  13 

,, 14 

Final 
Difference 

of 
Longitude 

9 .  

-H 

Ic 
m 
-0 

m * 
EE 
*o 

Observed 
Difference 

of 
Longitude 

h m  8 

o 27 45.296 

45'315 

45.330 

45'324 

c 27 45.322 

45'356 

43'332 

45'313 

o 27 45.303 

45'277 

45.336 

45'356 

o a7 45.224 

45 ' 249 

45'355 

45'399 

o 2 7  45'172 

45 '3"" 

o 2 7  45'104 

45 ' 214 

o 27 45.301 

& 0'0087 

h  J 

o 51 31 

3 49 29 

4 35 49 

5 0 32 

o 40 48 

3 46 11 

4 36 41 

5 0 33 

o 42 49 

3 46 30 

4 37 31 

4 59 50 

o 34 31 

3 46 19 

4 j6 bi 

5 o 11 

o 35 52 

3 51 56 

O 35 9 

3 51 46 

, Personal 
Equation 

r 

- 0'245 

& 0.0039 
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The progran~n~e. 

The difference of longitude between these places is over an hour so that careful arrangement was 
necessary to avoid tedious delay to either observer. The following was t l ~ e  general scheme of the pro- 

gramme :- 

Karachi Bushire 

Clock stars . .. . . .  Clock stars 

Clock Comparison. 

(Interval) 

1st group of Longitude stars . . . . . . Clock stars 

C M  Comparison. 

2nd group of Longitude stars . . . ... 1st group of Longitude stars. 

Clock stars 

Clock Comparison. 

. . . ... 2nd group of Longitude stars. 

Clock Comparison. 

Determinations of collimation and level were made five or six times during a night's work. The 
groups of stars were divided into equal numbers of north and south aspect, and the instruments were reversed 
systematically at least once during the observation of each group. 
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EXPLANATION OF TABLE I. 

Abalract of Determinations of Collimalwn and Level Correction- Coastants. 

The first three columns call for no remark. 

Column 4 contains the mean sidereal hour at which the several determinations were made. 

Collimation. 

Column 5, headed C,, gives the reading of the micrometer when the collimator cross is intersected by the 
central transit wire, the telescope being in the position I.P.E. ( i .e .  Illuminated Pivot East). 

,, 6, headed C,, gives the corresponding reading, the telescope beitig I.P.W. 

,, 7, headed C,, gives the mean of the two preceding readings, i.e. 4 (C, + C,). C, is therefore the 
reading of the micrometer when so set that the centre wire is truly collimated. 

,, 8, headed C,, gives the reading of the micrometer as set during the observatio~i of star transits. This 
setting was arbitrary and was not changed in either instrument throughout the arc. 

,, 9, headed c,, gives the collimation correction-constant for the position I.P.E. c. is equal 
to C,-C,. 

,, 10, headed c,, gives the corresponding correction-constant for the position I.P.  W. C, is equal 
to C,- C,. 

Level.  

Column 11, headed Me, gives the reading of the micrometer when the centre wire and its reflection from 
the mercury trough coincide, the telescope being in the position I.P.E. 

,, 12, headed M,, gives the corresponding reading when the telescope is in the position I.P.W. 

,, 13, headed M,, gives the mean of the two preceding readings, i .e.  4 (Me + M,). 

This quantity is not used in the computations but it should remain constant and therefore affords a 
valuable safe-guard against blunders in reading Me aiid M,. The nature of the quantity is dkcussed in 
Chapter IV. 

Column 14, headed be, gives the level correction-constant for the position I.P.E. b, is equal to C, - Ma. 

,, 15, headed b,, gives the corresponding correction-constant for the position I.P.W. b, ia equal 
to M, - C,. 

As the collimation is not liable to vary, a mean of all the values of C, on any night is taken, and c, 
and  c, are found by taking the difference between this mean and C,; but the level is not so stable and 
therefore the same values of b, and b, are not retained for the whole of a night's observations. Three 
values per night are made use of, the first is the mean of the first two determinations, the second is the mean 
o f  the third and fourth, and the third the mean of the fourth and fifth, or the mean of the fourth, fifth and 
sixth. 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLLINATION AND LEVEL CORRECTION-CONSTANTS. 

2 .- 
g; 

3 

1894 

Dec. 28 

11 8 

., " 

, 31 

1893 
Jun. 1 

* 

. 
f 

8 
4 

Mc 

d 

1492.3 

1492.6 

~490.2 

1490'9 

1494'0 

1495.0 

1492'0 

4 9 4  

1)92'.3 

... 
1489.7 

1490.8 

1489.7 

1489.2 
I 

1490'4 

3, 
c;i& 
c 4  

h m 

o 19 

I 52 

3 45 

5 7 

7 I 

0 1 1  

I 33 

3 58 

5 9 

6 lo 

7 9 

0 19 

I 34 

3 52 

5 14 

6 lo 

7 0 

0 1 8  

I 42 

4 5 

0 37 

2 0 

4 1 0  

6 1 1  

; 1 1  

7 20 

a 
T. 

P m s g ;  

H 

Z2 
0 

D 0 - 
0 

3 

Pi I+ 

4 w 
2 
U 

M w  

d 

1464'5 

1465.0 

1467.8 

1466.1 

1465.8 

Mean 

1464'9 

1465.6 

1468.0 

1469.a 

... 
146;.6 

Yean 

1466.6 

1468.4 

1468.7 

1468.6 

Level 

Mo 

d 

1478.4 

1478.8 

1479'o 

1478.5 

1479'9 

1478.9 

1480.0 

1478.8 

14i9.2 

1480.8 

... 
1478.7 

-- 

1479.5 

1478.7 

1479.1 

1479.0 

1459'5 

Ce 

d 

1345'6 

1343.4 

1340.1 

1337.7 

1337'1 

1338.9 

1.338'1 

1331.5 

... 
1331.7 

1329.8 

1337'1 

1335.1 

1330.9 

... 
1330.6 

1.330.7 

1318.7 

1317.3 

r316'9 

1326.5 

1324'9 

1j20-9 

... 

... 
1320.7 

... 
1492.2 

1490.9 

1480.1 

14;9..3 

1477.7 

I 

1479'1 

1478'8 

1479'9 

1479'4 

1479'4 

1480.2 

1479'3 

. . 
1479' 7 

Cw 

d 

1614.8 

1617.5 

1618.8 

1621.2 

1622.3 

Mean 

1620.1 

1620.2 

1628'1 

... 
1625.9 

1628.8 

Mean 

1622.2 

1633.1 

1629.2 

... 
1629.0 

1630.3 

Mean 

1629.5 

1631.6 

1631'5 

1634.5 

1634.a 

16.37'9 

,,. 

... 
1639'3 

Mean 

... 
1467'~ 

Mean 

1464.5 

co-Mc 

d 

- .6 

- 10.7 
- 

- 14'2 

- 

- I 

- 10.5 

- lo.o 

Collimalion 

c c  - 
C,-C. 

d 

-0.1 

- 0'7 

- 0 2  

- o m ;  

- 0'1 

I M--Co 

d 

- I 

- 12.9 
- 13.9 

- 14.0 

- 

- 10.9 

- 12.3 

- 

- 11.5 

- 11.4 

- 

- 11.3 
- 11.8 

C o  

d 

1480.2 

1480.5 

1479'5 

3479.5 

1479'7 

1479.9 

1479.5 

1479.2 

1479.8 

..a 

1478.8 

1479.3 

1479.3 

1479.7 

1479.1 

1480.1 

... 
1479.8 

1480.5 

1479.8 

1479.1 

1479.5 

1479.2 

1479.3 

1480'5 

1479.6 

l479.4 

,.. 
... 

1480.0 

1479.9 

I 1 1467.8 

C. = 

c.-C, 

d 

+ o a l  

+ 0.7 

+ 0.2 

+ o a 7  

+ 0'1 

- 11-j 

- I2.S 

- 

- 11-5 
- rz.2 

Cs 

d 

1480.0 

1480.0 

1480.0 

1480'0 

1480.0 

1490.2 

1491'8 

1491'3 

149a.r 

1492'2 

1491.2 

.s. 

1468.1 

Meun 

t46i.o 

1465'5 

1466.6 

1468.1 

'467'3 

... 
Bfearl 
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TABLE I. ABSTBACT O F  DETERMINATIONS O F  COLLIMATION AND LEVEL COItRECTION-CONSTANTS. 

I 

a 

1894 

Dec. 28 

8, 29 

C ,  

d 

1451'1 

1449'9 

1451'2 

1450.6 

1450.6 

1447'7 

1446'0 

1443.6 

1444'9 

1443.0 

144.3'1 

1441.6 

H e  

d 

1497.2 

1497'5 

1498.7 

1497'9 

1497.1 

1497'8 

1497.1 

1498'3 

1495'9 

1497'8 

1497'6 

1498.4 
z 
U - - 
4 

C- 

d 

1j44.9 

1546'1 

1546.9 

~549.1 

1548.6 

1549'3 

Mssn 

1553'4 

1555'1 

1553'6 

1553.8 

I 

1jjj.j 

Mean 

Co 

d 

1498'5 

1498.0 

1499.6 

1499'9 

1499.6 

1498'5 

1499'0 

1499.7 

1499.4 

1499.3 

1498.4 

1499.1 

1498.7 

14c)o.r 

' 1498.3 

1497.7 

1498'1 

Ij00.0 

1498.9 

1498.5 

1499'9 

1498.1 

1499.l 

1499'3 

r499'3 

I499.O 

1499.4 

1498'9 

,, 30 

IS a1 

1896 

Jan. 1 

h n, 

o 31 

I 45 

3 30 

4 5 

5 ro 

6 zo 

0 30 

I 40 

3 35 

4 5 

5 10 

6 10 

M. 

d 
1501'1 

1501'0 

15oa-3 

1499'9 

r501-3 

15oa.o 

Mean 

1501'8 

1501.9 

1502'3 

1501.0 

1502-o 

1500.9 

Mean 

ColiiniaLion 

C. 

d 

15oo.o 

1500-0 

r500.4 

1501'1 

1499'6 

Ij00.I 

1.~00.z 

1500'5 

Arean 

1499'6 

15W'l 

. MefLn 

1498.9 

1498'4 

1499'6 

1499'~ 

1499'7- 

I5w.a 

Mean 

1499.2 

1499'1 

0 10 1454.0 1544.3 

1 3 0  1454'4 1544'0 

4 10 1450.5 1.548'1 

il 

- 0.8 
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d 

1499'1 

1499.3 
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1498'9 

1499.3 

1499.9 

1499.5 

1499.5 
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1499.1 

1499.4 

14'19.8 

1499.7 

1499.7 

1499'3 

14y9.4 

1499.4 

1499.1 

1499.3 

1498.8. 
-- 

1499.1 

~499.5 

... 
1493.1 

1499.1 

149s.8 

~499.2 
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-- 
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.. . 
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- 
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+ 1.1 

+ 1'1 
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1540.5 
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I 
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+ 1.6 

+ o.7 

+ 1'1 

+ 0.8 

- o.4 

+ 0.6 

+ 0.8 

153i.l 

Menn - 0 9  + 0.9 
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EXPLANATION OF TABLE 11. 

Deduction of Deviation .Error f?-ont Star Obse~*vations. 

The first five columns call for no remark. 

Column 6 shows wl~etl~er  the star was observed'at upper or at lower culmination. U standing for upper 
and L for lower. 

,, 7 gives the number of wires over which the time of the star's transit was observed. 

,, 8 contains the value of the deviation constant A, which is equal to m sec 6 s i n  c, where m is the 
value of 1 division of the micrometer head in seconds of time, a i t  : oa.039. The sign of 
A depends on those of sec 6 and sin (, where 6 is the star's declination, (180'-6) beiug used 
for stars observed at lower culmination, and C is the star's zenith distance, considered 
negative if north. 

,, 9 contains the observed time of transit taken from the chronographic record. 

10 contains the correction to the time of transit on account of diurnal aberration. This correction 
is equal to - o-0207 x cosine latitude x secant declination. I t  is therefore negative for 
all stars at upper culmination and positive for all at lower. 

11 contains the correction for collimation, this is obtained by multiplying c, or c, as the case may 
be, by na sec 6, using (180' - 6 )  for stars at  lower culmination. 

12 contains the correction for level, obtained by multiplying be or b, as the caae may be, by 
m sec 6 cos t 6 and having the same meanings as before. 

13 contains the chronometer error; this is a preliminary value obtained by taking the mean of the 
errors given by stars north and south of the zenith. If the numbers of stars at  upper and 
lower culmination respectively be equal, a small error in the adopted value of this quantity 
will not affect the final mean value of the deviation error. 

14 contains the seconds of the corrected time of transit called T. This is the aum of the seconds 
in the five preceding columns. 

15 contains the star's R.A. at the time of the ohservation. This is either taken from one of the 
Almanacs or brought up by computation from the Greenwich Catalogue for epoch 1880. 

16 contains the difference T - R.A. 

17 contains the deviation error a = - R'A'. I t  is to  bc noted that A contains the quantity rn, 
A 

* ao that a is in  terms of the micrometer diviaions. 

18 contains the mean of the values in column 17. Sometimes one general mean is taken and 
sometimes the night is divided into twq parts. This depends on whether the value8 in column 
17 show any evidence of a change of position having taken place during the hours of work. 

The last column shows whether the telescope was pointing to the East or to the Weat of North. 
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IPdBLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAB OBSERVATIONS. 
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TABLE II. DEDUCTION OF DEVIATION ERROR, a, FRON STAB OBSERVATIONS. 
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EXPLANATION OF TABLE III. 

Direct Comparieon of Clocks. 

The first four columns call for no remark. 

Column 5 contains the time by the Karachi clock of the middle of the period during which signals were 
being sent or received. 

,, 6 contains the time by the Bushire clock of the same instant. 

,, 7 contains the dif£erence between the clocks as read off the chronographic record. 

J J  8 gives the mean, to the nearest whole second, of the times given in column 5. 

,, 9 gives the mean of those in column 6. 

,, 10 contains the mean of two corresponding differences in column 7, arid is the difference between 
the clocks, freed from the effects of retardation, at  the epoch given in terms of the two clocks 
respectively, in columns 8 and 9. 

,, 11 contains the deduced relative hourly rate of the clocks. I t  is obtained as follows :- 

The change in the difference between the clocks between two consecutive comparisons is divided by 
the interval bctween the comparisons, expressed in hours, and the result is the rate during the interval. Then 
the mean of two consecutive rates is taken and considered to be the rate at the epoch of the i~~tervenitig 
comparison, opposite which i t  is accordingly entered. I t  will be aeeu that by this method the same weight 
is given to a rate deduced from two comparisons on the same night, as to one deduced from the last compari- 
sou on one night and the first on the next. If the interval between the comparisons be small the deduced 
rate will be seriously affected by any errors in the observed differences between the clocks ; on the other hand, 
when the interval is from one night to the next there is a probability of a variation in  the rate. Hence i t  
appears that each method has its own disadvantages and that consequently the adoption of equal weights is 
justifiable. 
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TABLE 111. DIRECT COMPARISON OF CLOCKS. 

Arc 

E 
W 
d w 
P 
'u 
1 - 
B 

B 
4 

4 
W 

0 r 

R 

1 o 

2* - 
4 

1894 

Dec. 28 

H 29 

,, 30 

Comparison 
made at 

Bushire 

Karachi 

Bushire 

Karachi 

Bushire 

Karachi 

Buahire 

Karachi 

Bushire 

Karachi 

Bnshire 

Karachi 

Bushire 

Karachi 

Bushire 

Karachi 

Bushire 

Karachi 

Bushire 

Karachi 

Bushire 

Karachi 

Burhire 

Karachi 

Bushire 

Karnchi 

B u s h  

Karachi 

Bushire 

K m h i  

Clock 
81gnaIs 

transnutted 
from 

Karachi 

Bushire 

Karaclii 

Bushire 

Karachi 

Busbire 

Kar~ichi 

Busl~ire 

Karachi 

Bushire 

Karachi 

Bushire 

Karaclli 

Bushire 

Karachi 

Bushire 

Karachi 

Bushire 

Karachi 

Bushire 

Karachi 

Bushire 

Karacl~i 

Buahire 

Karachi 

Bushire 

Knrachi 

Bushire 

Karachi 

Bushire 

between the 
Clocks at 
Epoclls 

Tg and Tw 
= D 

a 

I 4 22.921 

3 I '803 

31 '456 

31.046 

30.636 

I 4 24'313 

23'353 

23.066 

ai.750 

22'451 

I 4 17.264 

16'344 

16.068 

15'731 

15'435 

Relatire 
Hourly 

Clock b t e  
at 

Epocl~s 
Tp and TW 

a 

- 0'3;O 

',330 

'345 

* .?iO 

'369 

' 0'330 

'305 

' 299 

,286 

-287 

- 0.291 

'a77 

' 284 

'294 

' 289 

Time of 
Canlpt~rison 

by 
Karnch~ Clock 

h m  a  

I 16 1.704 

I a 2.138 

4 17 1'582 

4 aa  35'oaq 

5 20 0.211 

5 2j 35'000 

6 29 1.792 

6 33 35'000 

7 32 1.372 

g 40 2.000 

r 14 26.067 

I 21 26.559 

4 24 23.108 

4 30 25.598 

5 21 aq.ooo 

5 26 25'297 

6 25 24'500 

6 31 25.000 

7 30 0.200 

7 35 24'000 

I 7 18.032 

I 1 1  19.496 

4 I 1 7 - 1 3  

4 22 18.553 

5 20 17'850 

5 zj 18'285 

6 23 14.501 

6 af 17'000 

7 zg 16.212 

7 35 17'658 

Mean Time of 

by 
E. Clock 
= 

' I 18 32 

4 I9 48 

5 22 48 

6 31 18 

7 36 

1 17 56 

4 27 24 

5 23 55 

6 28 25 

7 32 42 

I 9 19 

4 19 48 

5 a a  48 

6 a5 16 

7 3a 17 

Corresponding 
' ~ ' I I I I ~  

by 
Bushire Clock 

h m  a 

o 1 1  29.000 

o 16 29~000 

3 12 30'000 

3 18 3'000 

4 15 29'000 

4 21 3'299 

5 24 31~000 

5 29 3'701 

6 27 31.000 

6 35 31.101 

o 10 2.000 

o 17 ~'000 

-3 20 0'000 

3 26 2.000 

4 17 1.166 

4 22 a'ooo 

5 21 2.000 

5 27 a.ooo 

6 25 38.000 

6 31 1.299 

o 3 I'OW 

o 7 z,ooo 

3 13 I'WO 

3 18 2.000 

4 16 2-ooo 

4 21 2.000 

5 18 59'000 

5 a3 I'WO 

6 25 1.000 

6 31 a m m o  

Comparison 

by 
W. Clock - 1', 

h m s h m s h m  

o 13 59 

3 15 1 7  

4 18 16 

5 26 47 

6 31 31 

0 13 31 

3 23 1 

4 19 32 

5 24 2 

6 a8 20 

o 5 2 

3 15 32 

4 18 32 

5 ar o 

6 a8 2 

Observed 
Differe~~ce 

between the 
Clocke 

h m  8 

I 4 32.704 

-33.138 

31 '582 

32.024 

31.211 

~I.;OI 

30'792 

31.299 

30'372 

30.899 

I 4 24.067 

24'559 

23'108 

23'598 

22.834 

ZS.297 

za.500 

23.000 

~ ~ " 2 0 0  

22.101 

I 4 1f'o3' 

17.496 

16.134 

16.553 

15.850 

16.285 

15'501 

16.ooo 

15'212 

15.658 



A R C  K A R A C H I - B U S H I R E .  

, TABLE 111. DIRECT COMPARISON OF CLOCKS. 
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EXPLANATION OF TABLE IV. 

Transits of Clock Stars and Deduction of the Clock Comectio~t. 

The heading contains the name of the arc, and indicates the station the observations at which are t o  
be found below, giving at  the same time the latitude of the station, the name of the observer and the 
telescope used. 

Column 1 contains the astronomical date. 

,, 2 contains the star'a name, or number in the Greenwich Catalogue for 1880. 

,, 3 contains the star's declination and when south it is indicated by a minus sign. This being given, 
and also the latitude of the station, i t  is possible to compute all the corrections to the 
observed time of transit without reference to anything beyond the foregoing tables. 

,, 4 contains the star's aspect, that is, i t  shews whether the star at culmination was north or south 
of the zenith of the station. I t  is convenient to give this information as i t  renders i t  easy 
to see whether the deviation correction has been entered with the proper sign. 

,, 5, 6 & 7 explain themselves. 

,, 8, 9 & 11 contain respectively the corrections for collimation, level and diurnal aberration. 
These corrections are computed in precisely the same manner as those in Table 11. 

,, 10 contains the deviation correction. To form this the appropriate value of a is taken from Table 
I1 and multiplied by m sec S sin g. I t  is to be noted that the quantity a given in Table IT is 
an error, not a correction, so that when formillg the correction a A the sign must be changed. 

,, 12 contains the corrected time of transit = T. This is the algebraic sum of the five preceding 
columns. 

,, 13 contains the star's R.A. brought up from the Almanac or Catalogue to the epoch of the observ- 
ation. 

,, 14 contains the difference between the two preceding columns with the sign appropriate to a 
correction. 

,, 15 contains the mean value of the clock correction by atars observed in the same instrumental posi- 
tion. I n  column 7 the mean of the observed times of transit of groups is taken out, and is 
the epoch of the mean clock correction in column 15. 

,, 16 & 17 contain th'e daily mean of the two instrumental positions, and the epoch to which i t  corres- 
ponds. If there are two groupe, one I.P.E. and one I. P. W., the mean of the two clock correc- 
tions is taken as corresponding to the mean of the two epochs ; but if there are three groups, 
as on December 30th, one I.P.W., one I.P.E. and again one I.P. W., the mean of the two values 
I.P.W. is taken for the mean of their epochs, and then this mean value and epoch are com- 
bined with the I.P.E. value and epoch to obtain the quantities to be entered in these co1umns. 
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TABLE W. TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK COltRECTION. 
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TABLE IP. TRANSITS OF CLOCIC STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 
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13 I 

z 32 

34 5 

Mean 

25 30 

26 13 

20 44 

16 6 

Mean 

(E), Lat. 24' 511, BY BURRAKD 

Clock Corl.relion 

hlran by 
Stors in 

Pnnle 
Ilistru- 
~nrntnl  

Positiol~ ill 
t.nc,, (;l.olll, 

r 8 

+ o 5.198 

+ o 5.365 

+ o 5'813 

+ o 5-608 

wITa TELESCOPE NO. 

.: 

= 
0 

8 

+ o . o . ~  

+o.o.q 

+ o ' o j  

+o.o.q 

+0'0.3 

-0.0.3 

-0.03 

-0.03 

-0.0.3 

-0.03 

-0.04 

-0.03 

-0.03 

-0.0.3 

-0.03 

+0.03 

+ o e o 3  

t o - 0 3  

+o.o.~ 

hIeoa of 

Instru- 
"'ental 

P1,sitions 

rn 8 

+ o 5'282 

+ o 5 . 7 1 1  

Corrected 
y i ~ n o  of 
Transit 
-T 

Rigllt 

dscellRion 

= 1L.A. 

Correc!ion 

% 
4 

8 

-0.59 

-0.5? 

-0.5; 

-0.6;  

-0.61 

-0.5.3 

-0.64 

-0.66 

-0.53 

-0'5.3 

-o.;o 

-0.50 

-0.46 

-0.42 

-0.54 

-0.47 

-0.47 

-0'45 

-0.4.3 

for 

h a  r j h m  r 

.- 
.a 

.; 
6 

041  40.95 

o 4.3 8 .9 )  

o 48 56.42 

o 50 50.06 1 

0 52 -3.92 

0 57 24'37 

1 o 19 .19  

I -3 45-73 

1 8 9-55 

r 8 10.90 

I j o  32.65 

6 37 24.18 

6 jy 19.55 

6 42 18.76 

6 45 48.04 

6 48 47.23 

6 52 15.15 

6 57 48-81 

7 r 16.69 

- g 
"'; F. a 
j 

s $  

o 41 46.21 

o 43 14.0; 

o 49 1.62 

o 50 55.34 

o 52 9'04 

0 57 29.74 

I o 24'56 

, I 3 51.09 

I 8 14-88 

1 8 16-2 j  

I 30 38.06 

6 37 29'95 

6 39 25-27 

6 42 24.59 

6 45 53.97 

6 48 52-84 

6 52 20.76 

6 57 54'48 

7 a za 'a l  

r 

+ 0.01 - 0 . 0 2  

+ 0.10 - 0 . 0 2  

+ 0.04 - 0 . 0 2  

- 0.10 -o.oz 
I - 0.02 -0.02 

+ O.IOl  - 0.05 

- 0.07 

+ 0.10 

+ 0.10 

- 0 . 1 2  

- 0.01 

+ 0.15 

+ 0.28 

- 0'14 

- 0.01 

- o-02 

+ 0.06 

+ 0 . 1 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

-o.oz 

-o.oz 

-0.02 

-0.02 

-0 .02  

- 0 . 0 2  

-0 .02 
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TABLE T. TRAPU'SITS OF CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION. 

l ' a u e x ~ s  AT KARACHI (E), Lot. &T 61', BY BURBARD WITH TELBBCOPP NO. 1. 

- 
0 .- 
5 2 
& z 
4 

4 

-. 

1694 

Dec. 30 

g .,- 
.z 
j: - 
" 

? s %  
k!; 

W 

W 

P 
e 
a 
s 
0 

'- 

i= 

13 

1 4  

14 

Star 

Mean 

W 

Mean 

Epoch 

= T~ 

h m s  

Corrected 
Tinlo of 
I'rnnmit 
=y 

h m  a 

o 41 39.45 

04.3 7.35 

o 54 16.39 

Kame 

{Andromedat 

8 Piscium 

155 Gr. 80 

I 

By cacll 
6tar 
= 

B.A.- T 

m  a 

+ O  6.75 

+ o  6 -71  

+ O  6.78 

. . . . . .  

1 1; 1 7  

6 49 5' 

Observed 

Time of 

Transit 

h m  s 

0 4 1  39.97 

o 43 7'71 

o 54 16.74 

o 46 21 

Right 

Asceneion - R.A. 

h m  a 

o 41 46.20 

o 43 14.06 

o 54 23.1; 

o 57 23.86 

I o 17.76 

I 25 45'14 

I 28 19.35 

I 30 31.15 

1 36 57-89 

I 55 ;1.80 

1 5 7  20.66 

6 39 17.86 

6 42  17 '13  

6 45 16-39 

6 jz 13.51 

6 56 44.44 

6 57 47'17 

7 2.14.99 

, 

> 

+ O  6'8;  

+ O  6.78 

+ O  6.94 

+ o  6.91 

+ O  6.90 

+ o  6'8.3 

+ O  6.97 

+ O  6.80 

+ o  7.42 

+ O  7.48 

+ o  7.59 

+ o  7.26 

+ o  7-40 

+ O  7.33 

+ o  7.26 

o 57 a9'i.l 

I o 24.54 

I 25 52-08 

I 28 26.26 

I 30 38-05 

I 37 4-72 

I 55 18.7; 

I j7 27.46 

6 39 ~ 5 . ~ 8  

6 42 24.61 

6 45 53.98 

6 51 20.78 

6 56 51'84 

6 57 54-50 

7 2 zz.aj  

Declina- 
tion 

0 I 

a3 42 

7 I 

5 j j  

-0.01 

-0.01 

-0 .01  

- 0 . 0 1  

- 0 . 0 1  

+ O . O I  

+ 0.01 

t 0 . 0 1  

-0.01 

-0.01 

-0.01 

+O.OI  

+ o . o ~  

+ 0 * 0 1  

+O-OI  

Clock Correction 

Mean by 
Stars in 

Illatru- 
rtirntnl 

l'osition in 
rl,c,l Croup 

m 8 

+ o 6.747 

; 
2 

S 

9 

S 

. .  

3 ~d 

.a - - 
6 

+ o . o ~  

+o-01  

+ o a o l  

Daily 
Blenn of 
the 
lnstru- 

J!o~itiorls 

m a 

. 

+ o 6.880 

' 

+ o 6.86; 

+ o 7'497 

+ o 7'313 

c Pisciun~ 

q Piscium 

-0.39 

-0.4; 

-0.41 

-0.35 

- 0 - j z  

-0.67 

-o.;I 

-0.61 

-0.45 

-0.41 

-0.53 

-0.50 

-0.51 

-0.47 

-0.46 

+ o 6 8 4 4  

. 

+ o 7'405 

cp Persei 

308 Qr.80 

.Andromed= 

[ Geminorum 

18 Uonoceroti~ 

0 Geminorum 

1193 Gr. 80 

PituziVI. 303 

{Geminorurn 

1218 Gr.80 

Correction 

- o 
GI 

1 8  

-0.52 

-0'46 

-0 .4 j  

5.3 59 

41 jo 

Mean 

13 I 

2 32 

34 5 

Mean 

+ O . I I ! - O . O Z  

- 0 ~ O 5 ~ - o ~ o 2  

+ 0.06 - 0 . 0 2  

I + 0.19 -0 .02  

I 

- 0'1.z -0.02 

- 0.23 -0.03 

- 0.z9-o.03 

- 0.14 ' -0~oa  

+ 0.1 I -0.02 
I .  

for 

+ 0 . 2 1  

- 0.11 

- 0.01 

2 

.: 
6 

s 

+ 0 .01  

+ 0 . 1 1  

7 0.11 

-0 .02  

- 0 . 0 2  

- 0 . 0 2  

o 
- 0  

2's 
5 $ 
5 2  

s  

- 0 . 0 2  

- 0 . 0 2  

-0.02 

Z 1 W 

6 52 14-04 

6 56 45'01 

6 57 47-61 

7 2 15.37 

6 5 7 1 6  

14 

12  

13 

~4 

13 

N 

S 

I 
29 31 N , W 13 

I 55 12.82 

I 57 21.42 

1 4 9 5 1  

6 39 18-23 

6 42 17.36 

6 45 47.06 

6 42 28 

V 

. . . . . . . . .  

E 

- 
+ 0.0) 

+ 0.09 

20 qq 

16 6 

Mean 

S I D N ,E 

. . . . . . . . .  

0 . 0 ~ ' - 0 . 0 2  

-oaoa 

-0 .02  

11 

9 

8 ' W 

8 W 

.......... 
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TABLE W. !l!EANSITS OF CLOCK STAR8 AND DEDUCTION OF THE CLOCK COl1I.1ECTION. 

' 

4 

2 

i & - 
4 

1894 

Dec. 31 

1895 

Jon: 1 

X 
- 4  

S 

N 

it 

S 

S 

N 

S 

S 

N 

9 

S 

N 

9 

N 

N 

N 

S 

N 

9 

8 

Star 

$.)._. ~ e c l i n a -  
tion 

TRANSIT# 

a - .- 
m 

- 
a 

4 -  

;. 

4 

IV 

W 

W 

W 

W 

W 

. . . . . . . . ,  

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

IV 

\\' 

W 

W 

W 

W 

W 

......... 

136 Gr. 80 

p Andromedse 

148 Gr. 80 

155 ,, 

E Piscium 

173 Gr.80 

rl Piecium 

238 Gr.80 

244 ,, 

251 ,, 
v Piecium 

(P Persoi 

155 o r .  80 

I 7 3  ,, 
B Andmrnedse 

106 Gr. 80 

238 ,, . 

24.4 ,, 
251 ,, 

r Pucium 

KARACHI 

Observed 

Ti~ne of 

Transit 

h m  6 

o 48 53-48 

o 50 47.34 

o 51 1.05 

o 54 14.89 

o 57 21'37 

i o 16.52 

o 53 56 

1 25 43-16 

1 28 17.71 

1 30 30.11 

1 3 3  29'72 

I 35 49'87 

i 36 56.87 

i -31 48 

o 54 13'59 

1 0 15.39 

i 3 42.02 

I 5 43.50 

I 28 16.53 

1 3 0  19 .0 j  

r jj 28.58 

I 35 48.87 
-- 

1 1 6 1 9  

AT 

.= % 
a m 

O '' 
"J 
6 
z 

14 

14 

rz 

14 

1 2  

14 

14 

14 

r3 

I )  

14 

13 

14 

I 

14 

1.3 

9 

13 

'14 
9 

0 ,  

18 37 

37 56 

28 2; 

5 g j  

7 2 0  

31 37 

Mean 

14 48 

- 7 34 

40 53 

13 45 

4 57 

50 10 

Mean 

5 55 

31 37 

35 4 

29 33 

- 7 34 

40 53 

'13 i 5  

4 57 

Mean 

(E), Lat. 2 k  51', BY BURRhRD 

.: S d 

.; - - 
9 

z 

+o:o,z 

+o.o.; 

+o.o; 

+o.o.~ 

+O.O.~  

+oSo.3 

-0'03 

-0.03 

-0.04 

-0'03 

-0.03 

-0.04 

o'oo 

- 0.00 

0.00 

0.00 

O'OO 

+omol  

0.00 

oaoo 

WITH 

Corrected 

Time Transit of 
= T 

i b m  8 

o 46 5.3'04 

o 5046.60 

o 52 0.4; 

o 54 14.61 

o 57 2 1 ' 0 7  

1 o 15.89 

I 25 43'36 

I 28 1 7 . j ;  

1 30 29.30 

1 3 3  29.3) 

I 35 49'59 

i 36 55.83 

o 54 13.31 

1 0 14'72 

I 3 41.29 

i 5 42'86 

I 28 16-43 

I 30 28.10 

1 33 28.19 

I 35 48-60 

TBLXSCOPX 

Right , 

dsccllsion 

- K.A. 

h m  s 

o 49 1-60 

o 50 55.31 

0 52 9-01 

o 54 23.16 

o 57 29-72 

I o 24'j.z 

1 2 j  52.06 

1 28 26.25 

I 30 38.03 

1 3 3  38.07 

I 35 58.29 

I 37 4.70 

o 54 23'15 

1 0 24.52 

I .  3 51.05 

I 5 51'5.3 

1.28 26.24 

I 30 38.02 

1 3 3  38.06 

1 35 58.28 

NO. 1. 

Correction 

u 
& 
cl 

8 

-0.51 

-0'60 

-0.55 

-0.46 

-0.4; 

-0.57 

-0'45 

-0.38 

-0.56 

-0'44 

-0.41 

-0.62 

-0.46 

-0.57 

-0.58 

-0.56 

-0-41 

-0.61 

-0-49 

-0.46 

1 

E p c h  Mean 

- 'P 

h m 6  

I 1 2  52 

a 

By star  g11c11 

= 

R.A.-T 

?I& 8 

+ o  8.56 

+ o  4.71 

+ o  8'54 

+ o  8.55 

+ o  8.65 

+ o  8.64 

+ O  8'70 

+ O  8.68 

+ O  8.73 

+ o  8'73 

+ o  8 -70  

+ O  8.87 

+ o  9.84 

+O 9 .80  

+o.  9.76 

+ O  9 .6 ;  

+ o  9 - 8 1  

+ o  9.82 

+ o  9.8; 

+ o  9.68 

for 

..- 2 .- 
g 

- 0  c.= g c 

,$ 

Clock Correction 

Mean by 

Stars B*"le iu 
~ ~ ~ l ~ ~ -  
rli~ntnl 

Fositiorl in 
Glnup 

m  r 

+ o 8.608 

. 

+ o 8.735 

+ o 9'781 

Mean Daily of 
the tl"" 
1rrat.r~- 
n'elJtul 

Positions 

m r 

+ o 8.672 

t 0.06 

- 0.15 

- 0.04 

+ 0 . 1 7  

+ 0.16 

- 0.0; 

+ 
+ 0'29 

- 0.19 

+ . o . 1 1  

+ 0.18 

- 0.35 

+ o'zc 

- 0'08 

- 0.1.1 

- o'of 

+ 0.33 

- 0 . 2 3  

+ 0 .12  

+ 0 ' 2 1  

r I - 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

0 ' 1 0 - 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0.03 

-0 .02  

-0.03 

-0.02 

- 0 . 0 2  

-omoz 

- 0 - 0 2  

- 0 . 0 2  

- 0 . 0 2  
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TABLE V. TRANSITS OF CLOCK STABS AXD DB1)UCTION O F  THE CLOCK CORRECTION. 

KARACHI 

Observed 

Time of 

Transit 

h m  s 

I 36 55.65 

I 3941.68 

1 4 2  19.9; 

1 4 5  8.45 

I q j  19.65 

I 46 56.7; 

I 48 41'24 

' I 51 27.70 

I 55 9'92 
. - 

1 45 42 

, 6 37 ~ 0 : s ~  

6.39 15.50 

6 42 14.72 

6 4 5  44.59 

6 4 I 9 

6 48 43.25 

6 52 I 1.07 

6 57'44'80 

p ' 2  l a - 5 1  

6 5 5  13  

I 

d 

.I: a 

< 

T E A ~ ~ I T S  AT 

Star .O 
4 ... 
% 

? 
d 

I+ 

E 

E 

B 

E 

E 

E 

E 

E 

. . . . . . . . .  

tT 

W 

W 
W 

0 - J  ? * w 

% 
0 
% 

1.3 

1.4 

13 

5 

8 

1 2  

14 

14  

14 

14 

I (  

1.3 

I 14 

(E), Lat. 24'' 61', BY BURBARD WITE TELBSCOPI! 

Right 

-R.A. 

Ascerision 

h m  a 

137  4.69 

I 39 51'25 

. I 42 29.48 

I 45 15.99 

I 45 28.66 

1 4; 6.00 

I 48 50.6j  

151  35.14 

I j j  18.73 

6 3 7  29.99 

6 39 35.31 

6 42 24.64 

6 45 54.02 
i 

6 48 52.90 

G ga 20.82 

6 57 54.53 

7 2 22.29 

N 

S 

S 

S 

N 

N 

S 

S 

B 

N 

9 

8 

N ' 

N 

N 

6 

9 

1895 ~ i O I  

Corrected 
Tin~e  of 
Transit 
=T 

Juu. 1 1 q~ P e ~ e i  

1 0 ~ i sc ium 

275 ffr. 80 

281 ,, 
252 ,, 

. . . . . . . . . .  

E 

E 

E 

IC 

. . . . . . . . .  

Correction 

50 10 

8 38 

16 a6 

l o  31 

50 16 

14 

14 

14 

14 

Moan 

Epoch 

E 

h m t  

I 31 7 

6 4 11 

3 
,% - - 
B 

for 

g 
, ,  z .: 
; 

KO. 1. 

Clock Correction 

4 

s 

-0.01 

0.00 

0.00 

0.00 

-6.01 

0.00 

0.00 

I 

c 
- 0  
l; 

E , 0  , , 
5: 

By each 
Star 
= 

R.A.-T 

m r 

+ o  10.15 

+ o  9.8; 

I a Trinngulm 1 2 9  4 

' B driotis . zd 18 
. I I 

i 296 Gr.80 1 1 7  18 

308 ,, 1 53 59 
. , 

j ibeau 

I 1 I 

8 

-0.66 

-0.45 

-0.48 

-0.46 

-0.66 

-0.53 

-0.50 

r 

- 0.41 

+ 0.1; 

+ 0.09 

+ 0.15 

- 0.41 

- o'og 

+ 0.05 

+ 0.08 

- 0.50 

- 0.01 

+ 0.14 

+ 0.25 

- 0.13 

- 0.01 

- 0.02 

+ 0'05 

+ 

Mean by 

lnstru- 

in 
ganie 

' mentul 
Position in 

each Oroup 

m r 

25 14 

13 I 

2 f a  

34 5 

Mean 

25 30 

26 13 

zo 44 

16 6 

Mean 

1 6 Geminorurn 

! t Geminorurn 

) 18 Xonoc?rotis 

1 9 Gemiuorurn 
I 

, 1186Gr.80 

1 1193 ,, 

''le Iwo 
Mean of 

Inshru- 
nlelltnl 

POsitiona 

m r 

t o  9.92 . 
t o  9'8; 

+ o  1 0 . 1 2  

1 
+ o  9.83 

+ o  9-88 

+ O  9.87 

+ O  10.0.j + O  9.951 

+ o  I O ' O Z  

+ O  I O ' ) ~  

+ o  10.13 

+ o  10.14 t o  10.113 

+ o  1 0 . 1 ~ '  

+ o 10'30 

+ o  10'19 

+ O  10.17 + O  10.213 

-0.01 

0.00 

0.00 

0.00 

0.0) 

0.00 

0.00 

0'00 

0.00 

r j h m  i 

-0.03 I 36 54-54 

- 0 . 0 2  I 39 41'58 

-0.02, I 41 19.56 
I -  

-o .oz  1 4 5  8.12 

-0.0.31 I .gj 18.54 

- 0 . 0 2  I 46 56-17 

-0.02, 1 48 40.7; 

-0.02 151  2 7 . 2 7  

-0'03 I s j  8.68 I 

\ 

+ O  9.866 

I 

+ O  10.163 

i 

0.001-0.4~ 

-0 '70 

- 0 . 5 ~  

-0.47 

-0.44 

70 .56  

-0.51 

-0.51 

-0'49 

-0'47 

-0.02 

(Geminorurn 

1218Gr.80 

6 37 19.9; 

- 0 . 0 ~ '  6 39 15.15 
1 

-0.02 

-o.ol  

- 0 . 0 2  

-0.02 

-0 .07  

0.10-0.02 

6 42 14.51 

6 45 41.88 

6 48 42.71 

6 52 10.52 

6 57 44.34 

7 2 1z.r.z 
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PABLE IV. TRANSITS OF CLQCK STAES AND DEDUCTION O F  THE CLOCK CORRECTION. 

L 

. 

(W), 

Obsened 

Time of 

Tramit 

h w  8 

o 41 56.21 

0 4 9  11.63 

o 51 5.23 

o 57 9-96 

0 5 9  41.87 

I I 12.39 

I .4 1.13 

I 6 2.68 

I 
056 18 

1 8 43.07 

1 13 51.72 

I 16 19.28 

. 1 2 1  3 . 3 1  

I 26 2.15 

I 29 18-45 

I 3048.66 

I 34 33-00 

I 2 3  39 

3 34 41-43 

3 36 27.04 

3 38 15-17 

j 39 46-20 

3 43 6-64 

3 38 2 7  

4 

$ 

'g 3 
% Gl 

.4= 

4 

1894 

Dec,,28 

* 

AT 

C, 
.; .* 
8 
3 
g 

4 4 %  
a 
U 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

W 

W 

W 

W 

. . . . . . .  

W 

W 

W 

W 

W 

......... 

BUBHIRE 

% 
L 

d o 
E .- 

6 
'k 

15 

15 

15 

15 

14 

15 

15 

14 

15 

15 

15 

14 

15 

15 

13 

15 

14 

15 

15 

13 

15 

TBA~SITS 

1 

Mean 

Epoch 

- w 

h m s  

I 9 29 

Gtsr 

Name 

{Andromedm 

136 Qr. 80 

Andromedm 

167Cfr. 80 

170 ,, 
177, 1, 

BAndromedm 

196Gr. 80 

201 Cfr. 80 

v Piscium 

210Qr. 80 

222 ,, 
7 Piacium 

239 Gr. 80 

24.4 ,, 
256 8, 

662Cfr. 80 

E65 1, 

v Persei 

579 GI. 80 

690 1, 

Lat.'2@ 65', BY LENOX CONYNGIIAM 

Corrected 
'l'iil~eof 
Transit 
=T 

ha r 

o 41 56.22 

0 4 9  11'6.3 

o 51 5.24 

p 57 9.9; 

o 59 42.87 

1 I 12.39 

I 4 1.14 

I 6 2.69 

I 8 43.17 

I 13 51.83 

I 16 19.41 

1 2 1  32'44 

I 26 2.25 

I 29 18.55 

13048 '20  

.I 34 33'13 

3 34 41-54 

3 36 27-15 

a 38 15-29 

3 39 46'32 

3;3 6-76 

2 
- 
3 

8 

-0.04 

-0.04 

-0'05 

-0.05 

-0.04 

-0.04 

-0.05 

-0.04 

+o.oq 

t 0 . 0 4  

+oeo5 

+0'05 

+O'OJ 

+omo4  

+0.05 

+oao4 

+omo4 

+OSOj 

+0'04 

+0.04 

Declina- 
tion 

0 I 

23 42 

18 35 

37 56 

40 47 

14 23 

12 24 

35 4 

29 32 

Mean 

15 35 

26 43 

44 59 

44 52 

14 48 

17 55 

40 53 

40 3 

M e a ~  

24 59 

19 22  

42 15 

24 a 

23 44 

Mean 

8 

8 

8 

N 

N 

9 

8 

K 

N 

S 

S 

N 

N 

8 

S 

N 

N 

9 

8 

N 

8 

8 

WITn TELESCOPE NO. 2. 

Correction 

- 
q 

8 

+o.o7 

+oS06  

+,0'08 

+0.08 

+0.06 

+0.06 

+0'08 

+oao;  

+o.o8 

+0.09 

+ O . I I  

+0'11 

+o.o8 

+o'o8 

+ o ' o j , + o . I r  

+0.10 

+0'09 

+oS08 

+O ' I I  

+oaog 

+o.og 

Right 

Ascension 

-R.A. 

h t n 8  

o 41 46'2.3 

o 49 1.63 

for 

.- 4 

.I r 

6 

8 

osoo 

oeoo 

0.00 

0.00 

0'00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .m 

0'00 

0.00 

0.00 

+ 0.01 

- 0 . 0 2  

+ 0.01 

+ 0.01 

By 
B~~~ - 

I1.A.-T 

m a  

-0 9'99 

-0 10.00 

a 4 0  

'2 s - -  
5% 

8 

-o'oz 

-0 .02  

-0.01 

- 0 . 0 2  

oaoo,-0.02 

- 0 ' 0 2  

- 0 . 0 2  

-0'02 

-0 ' 02  

- 0 . 0 2  

-0.03 

-0'03 

0.00-o'oz 

- 0 . 0 2  

-0.02 

-0 .02  

-0'02 

-0.02 

-oSor 

-0.02 

-0.02 

Clock Correction 

blean by 
in 

sume 
~ ~ ~ t ~ ~ -  
mental ' 

'~osition in  
each Group 

n, 8 

0.50 55.36 

o 56 59'93 

o 59 32'84 

1 I 2.27. 

I j 51-11 

I 5 32.58 

I 8 33-10 

I 13 41.75 

I 16 9-37 

1 2 1  22'24 

I 25 52-09 

I 29 8.50 

I 3038'07 

134 22.98 

3 34 30.94 

3 36 16.53 

3 38 4'74 

3 39 35'64 

3 42 56.09 

Daily 
Mean of 
the two 
~nstrt i-  
nl"lltal 

Positions 
1 

= a  

-0 10'025 

-0 10~110 

\ 

-0 10'624 

1-0 9.88 

-0 10'04 

-0 10'03 

-0 1 0 ' 1 2  

-0 10.03 

-0 10.11 

-0 1o.o; 

-0.10.08 

-0 10.04 

7 0  1 0 ' 2 0  

-0 10-16 

-0 10'05 

-0 10'1.3 

-0 10.15 

-0 10.60 

-0 10.62 

-0 10.55 

-0 10.68 

-0 10.67 

-0 10.068 
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TABLE IP. TBAN9IT8 OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

Tuxie1z-a AT BUSHIRE (W), Lot. 28' 56', BY LENOX CONYNGHAM WITH T B ~ B C O P P  NO. 2. 
- ~- - . . .  

Clock Correction 

A m s  

3 47 32'95 

3 50 49.58 

3 52 Io.22 

o 33 42'54 

0 4 1  46.21 

o 11) 1.61 

o 50 55.34 

0 56 59-91 

o 59 32.83 

I I 2-26 

I 3 51'09 

I 5 52'57 

I 8 33-09 

I 13 41.74 

r 16 9.35 

I 21 2 a . z ~  

1 25 52.08 

1 29 8'49 

I 30 38.06 

3 38 4.73 

3 39 35.64 

Declina- 
tion 

0 ,  

31 35 

39 43 

35 30 

Mean 

30 17 

13 42 

18 37 

37 56 

40 47 

14 13 

12 24 

35 4 

Mean 

19 32 

I 3 

. 16 43 

44 59 

44 52 

14 48 

17 g j  

40 53 

Mean 

42 15 

24 a 

Mean 

- -~ 
8 % Correction for L: .- % 2 e 
k 0 Observed Corrected 

.. -. ..... - .. 

Star 

Name +2 

4 

N 

N 

N 

N 

S 

8 

N 

N 

S 

9 

N 

N 

S 

6 

N 

N 

8 

8 

N 

N 

8 

R.A. - T 

m x  

-0 10.58 

-0 10.60 

-0 10.60 

o 15.57 

o 15.58 

o 15.64 

o 15.47 

o I 5.67 

o 1 5 . 6 ~  

o 15.72 

o 15.52 

o 15.61 

o 15'57 

o 15-64 

o 15.59 

o 1j ' ;3 

o 15.72 

o 15.63 

o 15.72 

o 16.1; 

c 16.23 

1894 

Dec. 28 

,, 29 

I 

{Pemei 

r Pemei 

E Persei 

CAndromedm 

{Andromedm 

136 Or. 80 

r Andromedm 

157 Gr. 80 

170 ,, 
177 ,, 

BAndromedm 

196 Gr. 80 

201 ,, 
u Piscium 

210 Gr. 80 

222 ,, 
7 Piscium 

239 Qr. 80 

244 1, 

r Pemei 

679 Qr. 8 0  

E 

6 

E 

. . . . . . . . .  

w 
W 

W 

W 

W 

W 

W 

dP 

. . . . . . . . .  

E 

E 

E 

E 

E 

6: 

E 

E 

. . . . . . . . .  

h 

E 

......... 

Position in 

m s  

-0 10.593 

-0 15.601 

-0 15.651 

-0 16.200 

14 

I j 

15 

10 

15 

15 

r j  

15 

15 

15 

15 

10 

15 

15 

15 

13 

15 

15 

15 

m s  

-0 10.609 

-0 15.626, 

i m s  

3 44 z j  

I 5 46 

A m  s 

3 47 43'57 

3 51 0.23 

3 52 20.87 
-- 

3 50 22  

o 33 57-94 

0 42 1.62 

o 49 17-09 

o 51 10.64 

o 57 l j .41  

o 59 48.30 

I 1 17.81 

1 4 ' 6 . ) j  

o 52 aa 

I 6 8.18 

1 8 48.65 

I 13 57.38 

I 16 24.97 

I 2 1  37.98 

1 26 7.79 

I 29 24.11 

1 30 53.80 

I 19 10 

- 
+ 0.01 

I 

-0.05, f0 .03  

- 0 . 0 ~ '  +0.03 

+ O ' I I  

+o.o9 

15 

15 

x 

0.00 

- 0.01 

- 0.01 

+ 0.01 

+ 0.0: 

- 0.01 

- 0 . 0 2  

+ 0.01 

+ 0.02 

- 0.01 

0'00 

+ 0 . 0 2  

0.00 

- 0 . 0 2  

- 0 . 0 2  

+ 0:02 

+ 0.01 

- 0 . 0 2  

+0 '04  

0.04-0'02 

-0 .02  

-0-o5+0 '03  

+0 '15  

3 38 20.90 

3 39 51-83 

3 39 6 

3 38 20.90 

3 39 51.87 

s 

- 0 ' 0 2  

- 0 . 0 2  

-oSon 

0'00-0'01 

- 0 . 0 2  

- 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0 .02  

- 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0.03 

-0'0.? 

- 0 . 0 2  

-0 .02  

-0.01 

-0.05 

-0.04 

m 

3 47 43-53 

3 51 0.18 

3 52 20.82 

0.33 58'11 

0 4 2  1'79 

0 49 17-55 

0 51 10.81 

. O  57 15.58 

o 59 48.47 

I I 17-98 

I 4 6.61 

I 6 8.18 

I 8 48.66 

I 13 57'38 

I 16 24'9.1 

1 2 1  37.95 

1 16 7-80 

I 29 24.12 

I 30 53.78 

+o.o4 

+omo5 

+ o . o ~  

+0'04 

+ o . o ~  

-0.04 

-0.04 

-0'04 

-0.05 

- O ' O j  

-0.04 

-0.04 

-0.05 

+0 ' 04+0 .14  

+ 0 ~ 0 4 , + 0 . 1 3  

+ o e 1 6  

+0'16 

+ o ' r 3  

+0'13 

+ o . l ~  

+0.06 

+omo5 

+oS06 

+o.o; 

t 0 . 0 7  

+0.05 

+0.06 

+ 0.07 
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TABLE TP. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION 

T~qrrsr~s  AT BUSHIRE (W), Lat. 28' 53, BY LENOS CONYNOHAM WIT= TBLBBCOPE NO. 2. I 
I I Correction for I 
0 bserved Corrected 

a Time of 
Y Transit 

Transit ' -5 5 = J  . =T a x  6 4 
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TABLE I?? TRANSITS OF CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

Mean 

Epoeh 

Tw 

h m t  

3 41 15 

I 

. + 

o 

.i 3 
2; - 
m 
4 

1891 

Dec. 30 

,, 31 

L- 

KO. 2. AT 

s - 
2 
4 

9 

8 
* ; %  

~l 

W 

W 

W 

'8 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

Daily 
Mean of 
the two 
1nstru- 

P0Bition8 

rn s 

-0 21.596 

By each 
Star - 

R.A. - T 

m 8 

-0 21-52 

-0 21.56 

-0 21'59 

-0  21-48 

- 0  21.65 

-0 21-52 

-0 21-68 

-0 21.62 

-0 21.63 

-0 21-60 

-0 21'61 

-0 21.64 

-0 26.19 

-0 26.17 

-0 26.19 

-0 26.12 

-0 26.24 

-0 26.29 

-0 26.26 

-0 26-12 

TEAN~ITS 

Clock Correction 

Mean by 
Stars In 

lnstru- 
nlental 

Position in 
em11 Group 

n, s 

-0 21.571 

-0 a1.620 

-0 26.198. 

wrTa Ts~?!ecoPa 

. 
' 

Ascension 

=B.A. 

h m  8 

3 29 2.72 

3 30 48.52 

3 34 30'94 

3 35 28-03 

3 36 16.52. 

3 38 4'73 

3 39 35-63 

3 41 15-55 

3 42 56-08 

3 47 32.95 

3 5049'55 

3 52.10.21 

o 24 34.56 

o 2 7  4'94 

o 31 15.98 

o 33 42.52 

0 4 1  46.19 

o 44 0.95 

0 4 9  1.58 

o 50 55.31 

BUSHIRE 

"E 
!c 
Y 

g 

ti 
% 

1 2  

!I 

I 1  

9 

11 

i.3 

'10 

11 

14 

I j 

15 

13 

15 

15 

15 

15 

15 

14 

15 

14 

- 
g 
2 

N 

8 

6 

N 

S 

N 

8 

s 
8 

N 

N 

N 

N 

S 

N 

N 

. S 

N 

S 

N 

Star 

Name 

551 (3r. 80 

653 ,, 
562 ,, 

8 Persei 

5Gj Gr. 80 

r Pernei 

. 579 Gr. 80 

7 Tauri 

590 Gr. 80 

{ Persoi 

c Persei 

Persei 

68 Gr. 80 

75 ,, 

* Andromedm 

8 Andromed* 

{Sndromedm 

121 Qr. 80 

136 

p dndronfede 

Declina 
tion 

0 ,  

47 51 

2 2  52 

24 59 

47 27 

19 2 2  

42 15 

24 2 

Mean 

23 47 

23 44 

-31 3.5 

39 43 

35  30 

Meall 

29 ro 

19 43 

33 9 

30 17 

23 42 

40 30 

18 37 

37 56 

Mean 

(W), 

Observed 

Time of 

Transit 

h m  s 

3 29 24-32 

3 31 10'01 

3 34 52'47 

3 35 49'59 

3 36 38'08 

3 38 26.28 

3 39 51.24 

3 35 I I  

3 41 37'17 

3 43 17';3 

3 47 54.63 

3 51 11.31 

3 jz 31.95 

3 4; 19 

o 23 0.81 

o 27 31-16 

o 31 42.24 

0 34 8.70 

o 42 12.48 

0 44 21-33 

o 49 27.88 

o 51 21.51 

o 38 14 

CONYNGHAM 

Corrected 
Time of 
Tmn8it 
-T 

h m  a 

3 29 24.24 

3 31 10'08 

3 34 52'53 

3 35 49'51 

3 36 38'1; 

3 38 26.25 

3 39 57.31 

3 41 37-15 

3 43 17-71 

3 47 54.55 

3 51 11.18 

3 52 31'85 

o a j  0.75 

o 27 31.11 

o 31 42.17. 

o 34 8.64 

o q i  12-43 

o 44 27-24 

o 49 27-81 

o 51 21-43 

Lat. 28' 55', BY LENOX 

a 
, 

. S  
S 

8 

+oao5  

+o.o.~ 

+0 '03  

+Oa05 

+oe03  

+0.04 

+0.03 

-0.03 

-0'03 

-0'04 

-0.04 

-0.04 

-0.04 

-0.04 

-0.04 

- 0 . ~ 4  

-0.04 

-0.05 

-0.04 

-0.04 

for 

g e 
. 
4 

S 

- 0.14 

+ 0.03 

+ 0 ' 0 2  

- 0.14 

+ 0.05 

- 0.09 

+ 0.03 

+ 0.03 

+ 0.03 

- 0 ' 0 2  

- 0.0; 

- 0 ' 0 4  

0.00 

+ 0 .01  

- o-01 

0.00 

+ 0.0, 

- 0 . 0 2  

+ 0 . 0 2  

- 0 . 0 2  

Correction 

o 

4 

8 

+o 'o4  

+0 '03  

+ 0'03 

+0'04 

+0'0.3 

+0'04 

+on03  

0.00 

0.00 

0.00 

0.00 

0.00 

o'oo 

0.00 

0.00 

0.00 

o.co 

0.00 

0.00 

0.00 

c 
22 

E $  
4 

8 

-0.03 

- 0 . 0 2  

- 0 . 0 2  

-0.03 

-0 .02  

-0 .02  

-oaoz 

- 0 . 0 2  

-0.02 

- 0 . 0 2  

- 0 . 0 2  

-0 .02 

- 0 - 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0 .02  

-o.'oz 

- 0 . 0 2  

-o.oa 

-0.02 
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TABLE TRANSITS OF CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION. 

AT 

.- !2 a .- 
a 

I& 

Z -. 
6 

4 2 %  a 

u 
pp 

W 

W 

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

W 

W 

W 

W 

W 

\V 

. . . . . . . . .  

E 

E 

E 

E 

E 

. . . . . . . . .  

'g. 2 
15 

Y 

4 

1894 

Dec. 31 

1895 

Jan. 1 

Mean 

Epoch 

= T~ 

- - 

h n r  .r 

o 52 1 2  

4 

' ~ A N ~ I T ~  wITa T n m c o m  

Right . 
dscension - B.A. 

A n  r 

o 56 59'88 

o 59 32.81 

I I 3.24 

1 3 51.06 

I 5 52.54 

I 8 33.06 

I 13 4r.71 

I 16 9.31 

o 31 I 5-97 

o 33 42.51 

044  0.93 

o 50 55.30 

I 3 51-05 

I 5 51-53 

r 16 .9'29 

I 21 11.16 

I a5 52.06 

I 30 38.03 

I 3647'98 

BUSHIBE (W), Lot. a80 66', BY LENOX CONYNGHAM NO. 2. 

Star 
- - - - - . 

Name 

- - 

157 Qr. 80 

170 

177 ,, 

Bdndmmedm 

196 Or. 80 

all J I  

u PLcium 

210Qr. 80 

r Andromedm 

8 Andromedm 

121 or. 80 

p hdromedm 

B Andromedm 

196 Gr. 80 

210 Qr. 80 

222 ,, 
7 Piacium 

244 Qr. 80 

264 ,, 

h a 

2 
0 

.d 

B 

0 
R 

Mean of 
the two 
Instru- 

gzE;B 
I 

m s 

-0 26'254 

' 

. 

Declina- 
tion 

0 ,  

40 47 

14 23 

11 24 

35 4 

29 32 

15 35 

26 43 

44 59 

Mean 

33 9 

30 17 

40 30 

37 56 

35 4 

'ag 31 

Mean 

44 59 

44 jz 

.14 48 

40 53 

19 46 

Xean 

By each 
stai 
, 

".A-T 

m s 

-0 26.29 

-0 26.31 

-0 26'34 

-0 26.20 

-0 16'.37 

-0 26.35 

-0 26.26 

-0 16.35 

-0  31.36 

-0 31'31 

-0 31-45 

-0 JI ' .?I  

-0 31 -40 

-0 31'52 

-0 31'50 

-0 31'76 

-0 31.64 

-0 31.64 

-0 31-14 

- - 

- 

N 

S 

8 

N 

N 

S 

8 

N 

N 

N 

N 

N 

N 

N 

N 

N 

9 

N 

S 

Clock Correction 

Mean by 
Stam in 

eame 
Instru- 
mental 

Fk;it;im$ 
m 8 

-0 26'3og 

-0 31.392 

-0 31'656 

Time of 
Transit 

5~ ,T 
EiS 

4 

Obrerved 

Time of 

Tnnsit .- El 
r 

- 0.01 

+ 0.01 

+ 
- 0.01 

0.00 

+ 0.01 

- 0.03 

- 0.01 

0.00 

- 0.01 

- o.01 

- 0.01 

0.w 

- 0.03 

- 0.03 

+ o.01 

- o'oz 

+ .oqol  

. a  

-oSoi 

-0.01 

0 . 0 1 - 0 . 0 2  

- 0 . 0 2  

- oeo i  

-0.01 

0.00-0.01 

-0.03 

-o.oz 

-0.01 

-o.or 

-o'oz 

- 0 . 0 2  

-0 .02 

-0-0.3 

-0.03 

-o9oz 

- 0 . 0 ~  

-0.02 

8 

+o.o4 

+0.0j  

+oe03 

+o.oq 

+oaoq 

+o.o3 

+0.03 

+0'04 

- 0 . 0 2  

-0 .02  

-oBo i  

-0.02 

-0.02 

-0.02 

-o.ol 

-oSol 

0.00 

-0.01 

0.00 

h m  r 

o 57 16.17 

o 59 59-12 

I I 28.58 

I 4 17-36 

I 6 18-91 

I 8 59.41 

I 14 7.97 

I 16 35-66 

o 31 47-35 

o 34 1g.82 

o 44 31'38 

o 51 26.61 

I 4 21-45 

I 6 14-05 

I 16 40.79 

r 21 53-92 

I 16 23.70 

I 31 9.66 

I 37 19-5a 

.v 

+o.o5 

+omo4 

+0.04 

+o.oq 

+o.o4 

+om'04 

+oe04 

+ o . o ~  

+oao4 

+0'04 

+o .o j  

+o.oq 

'+o'04 

+oe04 

-0.05 

-0.05 

-0.04 

-0.05 

-oao4 

. 

14 

15 

13 

15 

15 

15 

15 

15 

8 

19 

15 

15. 

14 

14 

15 

11 

15 

13 

15 

I h m  r 

o 57 26.11 

o 59 59.05 

I I 28.51 

I 4 17.21 

I 6 18.85 

I 8 59-31 

1.1.) 7.91 

I 16 35.63 

-- 

I 6 g 

o 31 47.34 

0 34 13.82 

o e( 32-39 

o 51 16.61 

I 4 22-46 

r 6 aqqo j  

o 48 48 

I 16 40.91 

I 21 54.04 

I 16 1.3'74 

I 31 9-76 

I 37 19'77 

I 26 42 
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TABLE: ITr. TRAJYSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECYCION. 
-- - - 

* 

AT 

g s 
B 
t& 
4 

5 4 3 0  

d 

W 

W 

W 

W 

, . . . . . . . . .  

E 

E 

. . . . . . . . .  

1 

E 

E 

E 

. . . . . .  

W 

W 

W 

W 

W 

......... 

d 

U 

.g 2 
$ z 4 

4 

1895 

Jan. 1 

I 

BUSHIRE 

z 
!i 
3 
0 

B 

g 

15 

15 

14 

15 

, 

10 

1.3 

l o  

8 

10 

9 

... 

13 

13 

1 3  

14 

10 

TBAHBITE (W), 

Observed 
Time of 

Traneit 

h m  s 

I 47 37'60 

I 49 21-31 

I 50 26.88 

I 52 8.86 

1 49 54 

I 57 2z .w 

I 5; 59.29 

1 57 4' 

3 36 0.19 

3 36 48.79 

3 38 36.86 

3 39 30.64 

3 37 44 

3 41 47.57 

3 43 28-17 

3 48 4'94 

3 51 21.58 

3 52 42-14 

3 47 29 

1 

Mean 

Epoch 

= Tw 

k m r  

I 30 47 

3 4 2  37 

8tu 

h'ams 

286 Gr.80 

B Arietia 

294 Gr. 80 

296 ,, 

317 Gr. 80 

y Andromeda 

8 Pemei 

565 Gr. 80 

v Penrei 

577 Gr. 80 

q Taur~  

59(, Gr. 80 

{ Penei 

Pemei 

[ Pemei 

NO. 2. 

Bywh 
8tar 

B.A.-T 

m c  

-0 31.67 

-0 31.67 

-0 31'66 

-0 31';4-o 

-0 31.84 

- 0  31-76 

-0 32'04 

-0 32.22 

-0 32'04 

-0 32.23 

-0 32.10 

-0 32.15 

-0 32.04 

-0 32.05 

-0 32-07 

Declina- 
tion 

0 I 

29 4 

20 18 

36 44 

1 7  18 

Mean 

32 47 

41 50 

Mean 

47 27 

19 2s 

42 15 
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EXPLANATION OF TABLE V. 

Obeerva t im of Transits of the same Stars at 60th Statwm, and Deduction of the 
Dzference of Con*ected Times. 

This Table includes observations at both stations. 

The seconds of corrected time of transit in the case of the Eastern station, .Karachi, are obtained 
precisely as in Table IV for clock stars. But in the case of the Western station, Bushire, there is an addi- 
tional correction on account of the rate of its clock. 

The quantity sought is the difference between the errors of the two clocks at a particular epoch, 
namely, that at which the star transited at the Eastern station. Now the interval between the transit of a 
star at the Eastern station and its transit at the Western station is equal to the difference of longitude, so 
that the observed time of transit at the Western station requires a correction equal to the change in the 
Western clock's error during an iuterval equal to the difference of longitude, i.e., equal to the clock's hourly 
rate correction multiplied by the difference of longitude expressed in hours. This quantity is found for 
each night in the last column of Table VI. There is therefore a slight inter-dependence between these 
two tables, but no confusion results in practice, for the quantities required from Table V in order to 
form Table VI do not include the correction for clock rate: thus TaSle V may be brought up to the point 
immediately preceding this entry, then Table VI can be computed in ita entirety, and lastly the final 
columns of Table V filled in. 
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EXPLANATION OF TABLE P.-(Continuad). . 
I t  will be noticed that though the correction given in the last column of Table V! has only one value 

per night, the quantity entered in Table V has always two values per night. The reason of this is that in 
Table V only two places of decimals are kept, so that the final value might be burdened by an error not 
exceeding OS.005 ; in order to avoid this, care is taken to increase the value entered in Table V by 1 in the 
second place of decimals as often ae is requisite to make the mean value correct to tlie third place of decimals. 

Thus on December 28th out of 30 entries, 24 are Onm26, and 6 are W.25, so that the mean is (r.258 
which agrees with the value in Table VI. 

This method of compensation has been frequently adopted throughout the computations and will 

account for apparent arithmetical inconsistencies in various places. 

Having obtained the seconds of corrected time at cach station, the difference between them is taken 

out. These differences are combined into means according to the positions of the two instruments, and 
corresponding to the mean epochs of the groups, and. lastly these means are co~llbined illto final means 
corresponding to final mean epochs. 
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TABLE V. OBSERVATIONS OF TRANBITS OF TRE SAME STAR8 AT BOTH 
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STATIONS, BAD DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. . 
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TABLE V. OBYEBVATIONS OF TRANSITS OF THE 8AME 8 T A m  AT BOTH 
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TABLE P. OBSERVATIONS OF TRANSITS OF THE SAME STAM AT BOTH 
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8eATION8, AND DEDUCTION OF THE DIFPERENCE OF CORRECTED TIMES. 
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STATIONB, AND DEDUCTION OF THE DIFFERENCE OF COItRECTED TIMES. 

KARACHI (E), Lot. 24" dl'. Long. 4h 28": AND BUYHIRE (W), Lat. 280 66', Long. .?' 23". 
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A R C  K A R A C H I - B U S H I R E .  

EXPLANATION OF TABLE PI. 

Deductiolr of Clock Bate Correction. 

From the results contained in Tables 111, I V  and V, the clock rate correction can now be deduced. 

Column 1 contains the name of the arc. 

,, a contains the approximate difference of longitude in hours, minutes and decimals of a minute. 

,, 3 contains the date. 

,, 4 contains the observed clock correction as deduced from observntions of clock stars in Table IV. 

,, 5 contains tlre epoch to which the foregoing correction corresponds, also from Table IV  

,, 6 contains the hourly clock rate as deduced from observation of clock stars. '1'0 obtain this the 
rate from day to day is computed by dividing the difference between two clock corrections 

whose epochs are as nearly as possible 24 hours apart by the number of hours in the actual 
interval. 

,, 7 contains the hourly clock rate as deduced from observations of longitude stars. The rate 
from night to night is obtained from the observed times of transit of the same star ou two 
consecutive nights, the difference between the two being divided by 24 I~ours. The mean of 
the resr~lts obtained from indiviclual stars is take11 as the rate during the W hours between 
the two nights, atid the mean of the rates during two consecutive periods of 24 hours is 
taken as tile rate on the night between them. 

,, 8 contaius the mean of columns 6 aud 7 

,, 9, 10, 11, 12 and 13 contain similar quantities to those in columns 4, 5, 6, 7 and 8 but for the other 
station. 

,, 14 contains the relative hourly clock rate during each night deduced from the clock comparisons, tho 

value entered is the mean of all the values appertaining to the night, contained in the last 
column of Table 111. 

We have now the hourly rate of eachcloek derived from star observations, and also the relative hourly 
rtrte of tlic clocks derived from the clock comparisons. I t  is clear that the last should be equal to the 
algebraic difference of the first two, i.e., using the notation given on the Table, we should have 

Hence in forming the final value of the hourly clock rate we take H, = 4 (hi + h, - R), and the 
resul t i~~g value is entered in column 15. 

Similarly H, = 4 (b, + he + R), which is given in column 16. 

In column 17 is given the change in the enor  of the Western clock during a period equal to the 
differeuce of longitude. The use of this quantity has already heen explained in connection with Table V. 
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TABLE VI. DEDUCTION OF CLOCK RATE CORREC!FIOR. 
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EXPLANATION OF TABLE VII. 

Betardatwlz of the Electric Current. 

The retardation of the electric current computed in this Table does not enter into the difference of 
longitude, but much interest attaches to its value, and clearly any abnormal result would throw doubt upon 
the accuracy of the clock comparison whence it was deduced. 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 contains the time by the East or Karachi clock corresponding to the middle of the period during 
which a comparison was being made at Karachi, that is, during which Bushire was transmitting 
signals to Karachi. 

,, 4 contains the time, still by E clock, corresponding to the middle of the period during which Karachi 
was transmitting signals to Bushire. 

,, 5 contains the interval between the timee given in  columns 3 and 4. 

,, 6 and 9 contain the differences between the clocks as observed at Bushire and Karachi respectively. 

The differences given in columns 6 and 9 have to be reduced to the same epoch and to do 
this the difference observed at Bushire receives a correction equal to the relative hourly 
clock rate, taken from the last column of Table 111, multiplied by the interval given in 
column '5 reduced to the decimal of an hour. This correction and the corrected difference 
between the cloclis as observed at  Bushire are given in columns 7 and 8. 

,, 10 contains half the difference between columns 8 and 9. 
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TABLE VII. RETARDATION OF THE ELECTRIC CURRENT. 
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+ S  0 

+ 7  2 

+lo 58 

Time 
Cumpariaon 

at 
Karachi 

i m r  

r 21 a 

4 22 35 

5 2s 35 

6 33 35 

1 4 0  2 

I 21 27 

4 30 26 

5 2 6 2 5  

6 . 3 1 2 5  

7.3524 

I I I  19 

4 2 2 x 9  

5 z g d  

6 27 47 

7 3 5 a 8  

1 1 4 1 5  

4 39 la 

I 20 6 

4 2 1  5 

5 2 4 5  

6 3 0  5 

7 3 2 5  

Difference 
between 

the 
Ciocks 

1341 

0 bserved 
a t  

Bushire 

h a  8 

1 4 32'704 

31 .582 

31.211 

30.792 

30'372 

I 4 24.067 

23.108 

22.834 

22-500 

22.200 

1 4 q'l'o32 

16.~34 

15.850 

~5.501 

r5'21z 

E 4 I O ~ O I O  

9' - 
r 4 3.618 

2'798 

2'505 

z-z& 

I '875 

of 
by E Clock 

at 
Bushire 

h m q  
r 16 2 

4 17 2 

5 20 0 

6 29 2 

7 . 3 2  1 

I x4 16 

4 24 23 

5 2 1 2 4  

6 2 5 2 5  

7 3 0  0 

r 7 1 8  

4 1 7 1 7  

5 2 0 x 8  

6 23 15 

7 a g r 6  

I 6 1 1  

4 3r ro 

I 14 6  

4 1 4  5 

5 1 9 5  

6 2 3 3  

7 4 3 3  

Correction 
for 

I)~ffe~.erice 
between the Clocks . 

&latire Clock Betadation 
of the 

during the at Busl~ire Observed 
" Ob*e"ed Current 

Intewai 
I corrected for 

Clock Rate Karachi 

r 

- o.031 
'034 

-031 ' 

-027 

'051 

- - q a  

'031 

.or6 

-029 

-25 

- -020 

'-or4 

'022 

,011 

,028 

- '040 

'032 

- 2 7  

- 030 
-023 

'OJZ 

+ '047 

h m  r  

r 4 32-673 

31.548 

31.180 

30 ' 765 

30'521 

I 4 24-025 

23.077 

~2.808 

22.47 I 

22.175 

s 4 17.012 

r6.110 

15.818 

15.480 

(5.184 

'1 4 9'970 

9.168 

1 4 3.591 

1-768 

2.482 

2.174 

1.922 

I 4 33'138 

32.014 

31.701 

31.299 

30' 899 

r 4 24,559 

13 ' 598 

23'297 

23.000 

22'70f 

r 4 17.496 

16.553 

~6.285 

a6.000 

as-658 

I 4 10.450 

9'609 

r 4 4.017 

.3'285 

3'990 

1.698 

2.416 

0.233 

.238 

-261 

-267 

'289 

0.267 

-261 

' 245 

-265 

' 263 

o* 242 

-222 

.rag 

-260 

'U7 

0.240 

-221 

0.213 

'259 

'251 

- 262 
'247 
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EXPLANATION OF TABLE VUI. 

&duction of Clock Correctitma alzd Clock Comparisons to tlie same Epwlia. 

Having now obtained tbe clock corrections at different epochs on each night, and also the differences 
between the clocks at other epoch, it remains to reduce them both to the same epochs. 

This table deals only with obaenations of clock stara and the attendant comparisons. Since the clock 
stars observed after the interval are nbt connected with any particular clock comparison, the mean of a11 the 
comparisons is taken. The epoch of t h b  mean falls about halfway between the epochs of the observed clock 
corrections at the two stations. 

Column 1 contsins the date. 

,, 2 and 3 contain the times in terms of the Karachi clock at which the clock cornpariaone were made 
(taken from Table 111) and their mean4 

,, 4 and 5 contain the times in terms of the Bushire clock at which the clock comparisons were made 
(from Table 111) and their mean. 

,, 6 and 7 contain the observed Uerencea between the clocks (from Table III) and their mean. 



A R C  K A R A C H I - . B U S H I R E .  

EXPIhANATION OF T O L E  PIII.-(Continued). 

Columns 8 and 9 cantain the mean epochs of the clock corrections at the two stations (from TableIP). 

,, 1Q contains the diffeience btween.columns 3 and'8. 

,, 11 contains the difference between columns 5 a d  9; 

,, 12 and 13.oontain the clock corrections at the epochs given, in.columns 8 and: 9l(from Table IT). 

,, 14 and 15 containt the hourly dock rates (fromiTable VI).. 

,, lf~ and 17 contain the corrections for rate for the periods entered in~columns 10 and 11' respeotively 
that is, the prochuct of columns 10,and 1% and ~f columns 11 and 15. 

18 and 19 contain the sums of columns la and. 16 and, of columns 13. and 17. The quantities- 

obtained being the clock corrections at the epochs. of the comparisons,. that is,. at the. 
epochs contained in.mlumne 3 and ,5. 



ARC K A R A C H I - B U S H I R E .  

TABZP .PIZ1. 'REDUCTION OF CLOCK 'CORRECTIONS 

- 

. 

> 

L 

, I 
4, 

> 

6 

I 

> 

Data 

Difference between %he Clocka at tlte 
Epoch of Olook Comparison from 

Table 111 

1894 

December 28 

I, 2 9  

II 30 

IS 31 

MU 
January 1 

Mean Epoch 
of Clock Correct~on from 

Table IV 

Time of Clock Comparison fmrn Table III 

by 
Karachl Clock 

by 
Bushire Clock 

I 
h m r 

I 4 32'9tl 

i 4 31.803 

31'4$ 

31.046 

30'636 

3 4 24'3~3 

' 4 '3.353 

23'066 

22 - 750 
12'49 

¶ 4 47.264 

4 16'344 

r6.068 

(5'751 

(5.435 

r 4 aoea3o 

I 4 3.858 

a 4 3.042 

3'748 

2'452 

2.146 

Peau I 
L m s  

.I 4 3z'9a1 

= * 3'235 

I 4 Y.313 

%I 4 a2yog 

1 4 ,I?.* 

I r r5.900 

1 4 ro-230 

a 3'81% 

I 

I 4 2'597 

1 Mean I 
h  s 

o 13 59 

4 52 58 

0 13 32 

4 33 u 

0 5 2 

4 9 3 4 7  

o 6 3 

o 13 a 

4 51 47 

TI 

h m  3 

I I% 32 

4 19 48 

5 22 48 

6 31 r8 

f a6 2 

I 17 36 

4 27 24 

5 23 55 

6 28 25 

7 32 42 

I 9 i9 

4 *9 48 

5 22 48 

6 25 r6 

7 3 2 1 7  

.I ro 13 

r 17 4 

4 a7 35 

5 *I 35 

6 26 34 

7 37 34 

Karachi I 
i m  s 

1 41 12 

6 C 1 8  

0 3 7 4 3  

. 6 4 % 4 5  

1 (7 "7 

6 49 sz 

s tr 9 

1 3s 7 . 

6 4 8 x 1  

/ e n  

h  3 

.I 18 32 

s 57 29 

I 47 56 

5 58 7 

I 9 a9 

5 5 5  a 

3 to 13 

I c f  6 

5 55 30 

Bushlre 
- 

h m  s 

1 9 29 

3 4 4 2 s  

1 5 46 

3 4 3  8 0  

0 55 40 

3 41 15 

o 52 12 

1 30 4? 

3 4 2 3 7  

/ T, 

h r c  s 

o 13 59 

3 15 17 

4 18 16 

5 26 47 

6 31 31 

0 .13 ga 

3 23 1 

4 19 32 

5 24 2 

6 28 20 

o 3 2 

3 45 32 

4 1% 32 

5 21 o 

6 2 8  2 

o 6 3 ' 

o 13 2 

3 r.3 32 

4 r7 32 

5 22 32 

6 33 32 
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AND CLOCK COMPARISONS TO THE SAME EPOCHS. 

Difference between Times 
of Epoche of Clock 

Conaction and Comparison - P 

Clock Correction 
from Table IV 

Hourly Oloak Rate 
from Table VI 

Karachi 

m  r  

+ 7 20 

- 50 49 

+ 20 13 

- 50 8 

- 7 58 

- 54 50 

- a 39 

- 14 r 

- 5 2  2 1  

Correction for 
Differenoe of Times 

P 

Clock Correction 
at Mean Epoch of Clock 

Comparison 

Bushire I 
A m r  

- 0 55, 30 

+ I 8 33 

- o 52 14 

+ 1 10 34 

- o 50 38 

+ 1 9 32 

- o 46 9 

- I  r f  45 

+ 1 9 10 

Ksmcki 

m I 

+ 0 2'225 

+ o 3-44 

+ o 5.~81 

+ o 5.711 

+ o 6.844 

+ o 7.405 

+ o 8.671 

+ O  9.866 

+ 0 10.163 

Bushire 

in r  

- 0 10.068 

I - o 10~609 

- o 15.626 

- o 16'103 

- o ZI.OII 

- o 21.596 

- 0  16.254 

- o 3r.633 

- o 32'108 

Bushime 

I 

- 9.847 

- 10-882 

- 15'435 

- 16.461 

- 20.824 

- 21.853 

- 26.092 

- 31'355 

- 32'355 

-hi 

r  

+O.I22 

+o-~aa 

+oS08b 

+0'083 

+ow65 

+o.o65 

+oao53 

+oao5a 

+o.o5a 

Bushire . Karachi I l l  -1 Karachi I Bnahire 

* I  
-0.239 

-0.239 

-o*zlg 

-0.219 

-oaaaa 

-oaaaa 

-O.SII 

-0.~14 

, -0.214 

+ 0'221 

- 0'273 

+ o'rgl 

- 0.158 

+ 0.187 

- 0.257 

+ 0.161 

+ 00278 

- o.2qf 
I 

r  

+ 0.015 

- 0'103 

+ 0'028 

- 0,069 

- 0,009 

- 0.059 

- 0-002 

- o'orr 

- 0.046 

1 1 .  
+ 2.240 

+ 1.981 

+ 5'310 

+ 5.642 

A 

+ 6.835 

+ 7'346 

+ 8.670 

+ 9'854 

+10.117 



A R C  K A R A C H I - B U S H I R E .  

EXPLANATION OF TABLE IX. 

Reduction of Clock Conqarisons and the Dzferences between the Clock Correctiom 
to the sante E2ochs by Interpolation. 

This table has the same object as the last but deals with the observations of longitude stars and the  
comparisons which are connected therewith. Only the second, third and fourth comparisons are used i n  
connection with the longitude stars, for though the second group r a s  observed at Bushire after the last of 
these compnrisons, yet its result is corrected back so as to correspond with the epoch of the observation of 
the same stars at Karachi and thus the epochs of the groups lie respectively between the second and third, 
and third and fourth comparisons. 

Column 1 contains the date. 

,, 2 contains the epochs whether of clock comparisons, from Table 111, or of the differences of corrected: 
times, from Table V, arranged in order of sequence, and all in terms of the East clock. 

,, 3 contains the difference of the corrected times, from Table V, entered in line with its epoch; 

,, 4 contains the difference between the two clocks by direct comparison, fr.om Table UI, entered im 
line with its epoch. 

,, 5 is obtained by interpolation from column 3 and is-the corrected difference between the observed 
times at  the epoch of the middle comparison, in line with which it. is ehtered. 

,, 6 contains the difference between the clacks brought up by interpolation from, column.% to the 
epochs of the quantities in column 3, 



A R C  K A R A C H I - B U S H I R E :  

TABLE IX. REDUCTION OF CLOCK COMPARISONS AND THE DIFFERENCES BETWEEN THE 
CLOCK CORBECTIONS TO THE SAME EPOCHS BY INTEBPOLATION. 

Did erence 
between the Cloek 

Corrections = 
Difference of Corrected 

Times of Table V 

m 8 

... 
+ 0 13'320 

... 
+ 0 ~3'798 

... I 

... 
+ o 21.771 

.., 

+ o 22.089 

... 

... 
+ o 2Bm8by 

... 
+ o ag-150 

..a 

... 
+ o 4a-zm 

... 
+ 0 42'555 

... 

&)ate 

1894 

&camber 28 

IS 29 

a> U) 

1895 

January 1. 

A 

111 fferenm between 
t l~a  Clods by 

Compar~mn Interpolated 
to Epoch of 

, Clock Corrcction 

h m  s 

... 
I 4 31.661 

... 
3 ~ '  309 

B e .  

, 

f 

... 
r 4 z3.2j6 

.., 

22 '947 

.,. 

... 
r 4 16'2;q 

... 
15'939 

... 

.,a 

r 4 2'898 

,. . 
aa63r 

... 

Difference belween the 
Times of the two Clocks 

obtained by Direct 
Comparison from 

Table I11 

k m  s 

I 4 31'80.3 

... 
3 1'456 

... 
31 '046 

1 4 2.3'353 

... 
a3.066 

.,. 
22' 750 

b 4 1 6 . 3 ~  

... 
16.068 

... 
55'75' 

1 4 3'042 

... 
2'748 

... 
1'452 

T, Epochs 

i m  s 

4 19 48 

4 45 40 

5 a* 48 

5 48 6 

6 31 s 8  

4 =i' 24 

4 46 M) 

5 23 55 

5 48 1 0  

6 aS a5 

4 19 48 

4 44 57 

5 22 48 

5 48 9 

8 6 2 5 6  

4 1 7  35 

4 48 57 

5 = I  35 

5 47 7 

6 26 34 

Difference between 
the Claek 

Corrections Interpolated 
to Epoch of Clock 

Complvison 

m 8 

... 

... 
+ o 13,604 

,.. 

, m e  

... 

... 
+ 0 21'964 

... 
, , .  

1 

,.. 

... 
+ o 29'01~ 

,,. 

. . a  

,.. 

.,. 
+ o 4a.408 

... 
,. . 
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EXPLANATION OF TABLE X. 

Dedzcction of the Dzference of Longitude. 

Tables VIII  and IX contain all the data for computing the difference of longitude. 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 and 4 coutain the epochs for which data are available. The first and laat on each night appertain 
to the clock star observations, and are taken Erom columns 3 and 5 of Table VIII. The 
others belong to the longitude stsrs, and are taken from column 2 of Table IX. 

,, 5 and 7 refer only to clock star observations, and contain the deduced clock corrections correspond- 
ing to the epochs in columns 3 and 4. The entries are taken from columns 18 and 19 
of Table VIII. 

,, 6 and 8 contain the numbers of clock or longitude stars observed at each station on each night.' 

,, 9 contains the difference between the corrections of the clocks. In  the case of clock stars this is 
equal to the difference between columns 5 and 7, and in the case of longitude stars it is 

9 

taken direct from column 8 or 5 of Table IX. 

,, 10 contains the difference between the clocks by direct comparison at the epoch given in column 8 ; 

this quantity is to be foulid either in column 7 of Table VIII  or in column 4 or 6 of 

Table IX. 

,, 11 contains the observed difference of longitude, which is equal to the sum of the quantities in the 
two preceding columns. The mean and its probable error are entered at the bottom of the 
column. 

,, 12 contains the value of the personal equation, and its probable error. 

,, 13 contains the Final Difference of Longitude and its probable error. 



A R C  K A R A C H I - B U S H I R E .  

TABLE X. DEDUCTION OF THE DIFFERENCE OF LONGITUDE. 

E 

No. 
of 

Stum 

23 

30 

19 

n 

18 

31 

12 

25 

22 

Epoch Karnchi - 
Deduced 

Clock 
Correction - from Table 

fd 

5 
2 
3 

? 
d - - 
U 
4 
P; 
4 
W 

1)ifferencr 
bat,ween 

the 
Clocks 

by I)irect 
Compavison. 
at llle Epocll 

of 8 

A m 2  

I 4 32'921 

31.661 

31 '456 

31'305 

31 '255 

1 4 24'313 

23.256 

23'066 

22'947 

22.905 

I 4 17'164 

16.234 

16.068 

I5'9.39 

15'900 

1 4 l0.230 

1 4 2.818 

2 .898 

2.748 

2.631 

2'597 

Mean ... 
p.e. ... 

between 
the 

Correct,ions 
of the 
and 

Clocks = 

m 2 

+ O  12.087 

o 13'3ao 

o 13.604 

o 13.598 

o 13.863 

+o 20'745 

o 21.7;~ 

o 21.964 

0 12.089 

o 12.103 

+o 27.659 

o 28.807 

o 29.012 

0 29'150 

o 29.199 

+O 34.761 

+O41'209 

0 4 2 - 2 2 0  

0 42'408 

0 42.555 

0 41'472 

Bushire 

Dcduced 
Clock 

Correction 
froill Table 

VlII  

2 

- 9.847 

- 10.882 

- 15'435 

- 16.461 

- 20.824 

- 21.853 

- 26.092 

- 31'355 

- 32'355 

W 

No. 
of 

S t m  

21 

30 

23 

27 
I 

28 . 
81 

16 

26 

22 

1894 

Dec.  28 

,, 29 

, 30 

,, a1 

1895 
Jan. 1 

Observed 
Difference 

of 
Longitude 

h m ~  

I 4 45.008 

44'981 

45.060 

45' 10.3 

45 '098 

1 4 45.058 

45'027 

45 '0.30 

45.036 

4 5 ' 4  

r 4 w.923 

45'041 

45,080 

45.089 

45 '099 

1 4 44'992 

1 4 45'0l7 

45'1 18 

45 ' 156 

45' 187 

45.069 

I 445'057 

& 0.0089 

Personal 
Equation 

8 

- 0'245 
f 0.0039 

VIII 

8 

+ 2.140 

+ 2'981 

+ 5'.110 

+ 5'642 

+ 6.835 

+ 7.346 

+ 8.670 

+ 9.854 

+10'117 

lll 8 

I 18 32 

4 45 40 

5 22 48 

548 6 

5 57 29 

I 17 56 

4 46 29 

5 1.3 55 

5 48 '0 

5 58 7 

I 9 19 

4 44 57 

5 22 48 

548 9 

5 55 2 

1 lo 13 

I 17 6 

4 48 57 

5 21 35 

5 47 7 

5 5550 

E'111ul 
Difference 

of 
Longitude 

1- 

if 
9 .  
0 

$I 

'E! 
-5' * 
e 

s* 

h 8 

o 13 59 

4 Sa s8 

o 13 32 

4 53 44 

o 5 2 

4 50 47 

o 6 3 

o 13 a 

4 5 1 4 7  
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.The programme. 

No clock stars were observed on this arc; the difference of longitude being only 37 minutes there 
was no dithculty in arra~lging a programme to suit both ol~servers. I t  was divided iuto two parts each 
part containing a clock comparison, a group of star observations arid then, after the times of transit had 

bee11 recorded at both stations, a second clock comparison. An interval of about an hour and a half 

separated the two parts of the programme. 

Between these stations therk is telegraphic communicatior~ both by cable and landline, the latter was 
always used except during two extra comparisons which were made on January 27th ; on these two occasions 

the retardation was on-152 and 0 ~ ~ 1 3 4  respectively (vide Table VII)  giving a meau of 0 ~ ~ 1 4 3 .  The mean of 
the retardation by landline is om'051, or but little more than one-third of that by cable. 

On several occasions intermediate stations failed to "join direct" so that one or even two translations 

intervened. The occasions are mentioned in the footriotes to Table VI I  aud it will be noticed that the 

retardation is in every case high. 



A R C  K A R A C H I - J A S K .  

ECPLANATION OF TABLE I. 

d betract of Determinutiom of Collimation m d  Level Cowectwn- Corzetants. 

The first three columns call for no remark. 

Column 4 contains the mean sidereal hour at which the several determinations were made. 

Column 5, headed C,, gives the reading of the micrometer when the collimator cross is intersected by the 
central transit wire, the telescope being in the position I.P.E. (i.e. Illuminated Pivot East). 

,, 6, headed C,, gives the corresponding reading, the telescope beiug I.P. W. 

, 7, headed C,, gives the mean of the two preceding readings, i.e. 4 (Ce+Cw). C, is therefore the 
readiug of the micrometer when so set that the centre wire is truly collimated. 

9, 8, headed C,, gives the reading of the micrometer as set during the observation of star transits. 
Thie setting was arbitrary and was not changed in either instrument throughout the arc. 

,, 9, headed G, giva the collimation correction-constant for the position I.P.E. c, is equal to 
C,- C,. 

,, 10, headed G, gives the corresponding correction-constant for the position I.P.W. c, is equal to 
c, - c,. 

Level.  

Column 11, headed Me, given the reading of the micrometer when the centre wire and its reflection from 
the mercury trough coincide, the telescope being in the position I.P.E. 

#Y 12, headed M,, gives the corresponding reading when the telescope is in the position I.P. W. 

,, 13, headed M,, gives the mean of the two preceding readings, i .e .  4 (Me+ M,). 

This quantity is not used in the computations but i t  should remain constant and therefore affords a 
valuable safe-guard against blunders in reading Me and M,. The nature of the quantity is discussed in 
Chapter IV. 

Column 14, headed be, gives the level correction-constant for the position I.P.E. be is equal to C,-M,. 

,, 15, headed b,, giva the corresponding correction-constant for the position I.P. W. b, is equal to 
M,- C,. 

As the collimation is not liable to vary, a mean of all the values of C, on any night is taken, a11d c, 
and c, are found by taking the difference between this mean and C,; but the level is not so stable aud 
therefore the same values of be and b, are not retained for the whole of a night's observations. Hence two 
values per night are generally made use of, the first is the mean of the first two determinations which were 
made before the interval, and the second is the mean of the remainder. 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 

p~~ -~ 

* 

.- 
z e 

W 
5 " 

+ 

4 
5 ;  
2"  
4 

4 

1895 

Jan. 21 

,, as 

! 

N 24 

,, 25 

a 

:g 
E Y  r a  
$3  

- cl 

6 
a 
8 
Q 
d 

ic 
V 

a 

2 
2 
la 

4 

3 a 
4 u 

22 m 2 

81 a 

b m 

I 39 

3 2 6  

3 38 

r 52 

3. 23 

3 +8 

5 27 

7 o 

2 30 

3 2 6  

5 5 2  

6 51 
b 

/ 

a m 

3 1 7  

5 38 

5 51 

6 51 

M. 

d 

1472.3 

147'2'3 

14~2.5 

1470.4 

1470.7 

1.171 - 1  

1471.3 

1471.4 

1472.0. 

'471.9 

1470.7 

1471.2 

' 1471.0 

1430.4 

1468.9 ' 

1469.6 

1467.6 

4 - 
C.-C. 

d 

- B ' I  

- 0'5 

- 0-1 

- 

- 0.3 

cm - 
C.-C. 

d 

+ O ' I  

+ 0.5 

+ 0.1 

+ 0.3 

C. 

d 

1304.1 

1q0.7 

1299.6 

I 

1303.1 

~oo.4 

... 
1a97.2 

1a96.7 

1306.4 

1302.6 

~97.9 

1297.5 

1305.4 

1299.9 

... 
12g6:5 

1295.5 

8 

M. 

d 

146.7 

1487'0 

1485.6 

Me= 

" 1487.3 

r487-a 

1488.4 

1487'8 

1488.1 

Mean 

1486.5 

1487'4 

' 1488'8 

1489.5 

N a n  

1488 a ' 

1487'9 

~87.7 

1487.7 

1488.8 

&an 

c. 

d 

1656.6 

~660.1 

1660.4 

Yean 

, .  

1656.2 

1660.0 

... 
1664.6 

1665.7 

?ban 

1653.5 

1656.8 

1661.4 

1664.0 

Meen 

1655.0 

16Qo:a 

... 
1664.1 . 

1665'4 

Mean 

Level 

M, 

d 

1479'5 

7 7  

1479'1 

1479'4 

1 ~ 6 ' 9  

1q19-o 

1479.8 

1479.6 

1e9.8 

1479'4 

1479'3 

1479'7 
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TABLE I. ABSTEACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS, 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTARTS. 
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EXPLANATION O F  TABLE II. 

Deduction of Deviation Error fi-on& Star Obset-vntwns. 

The first six oolumns call for no remark. 

Column 7 shows whether the star was observed at upper ar at  lower culmination. U standing for upper 
and L far lower. 

,, 8 gives the number of wires over which the time of the atar's t d t  was observed. 

,, 9 contains the valse af the deviation constant A, which i s  equal t o  m rec 6 sin C where m i s  the  
value of 1 division of the micrometer head in seconds of time, viz: oa.039. The sign of 
A depends on those of sec 6 and sin (, where 6 is the star's decli~~ntion, (180°-6) being used 
for stars observed at lower culminatiou, aud { ia the stirr'r zenith dbtance, considered 
negative if north. 

,, 10 contains the observed time of transit taken from the chronographic record. 

,, 11 contains the corredion to the time of traosit on account of diurnal aberration. This eorrection 
is equal t o  - o'Q2o; x cosine latitude x secant declioation. It k therefore negative for 
all stars at upper culminatioll and positive for all at lower. 

,, 12 contains the correction for collimation, this. is obtained by multiplying c, or G, as the case map. 
be, by m sec 6, uaing (1W - 8) for  stars at lower culmination. 

,, 13 cautains the carrection for level, obtained hy multiplying b, oz b,,, as the case mag be, by 
m aec 6 cos & 6 and frhaviag the same meariiuga as before. 

,, 14 contains the clock e m r ;  this is a preliminary value obtained by taking the mean of the errors 
given by stars nortlt and south of the zenith. If the numbers of stars at upper and lower 
culminations respectively be equal, a small error in the adopted value of this quantity wilt 
not affeot the final mean value of the deviation error. 

,I 15 contains the seconds of the cocrected time of transit called T. Thje is the sum of the seconh 
in the five preceding columns. 

,, 16 contains the star's R.A. at the time of the observation. This is either taken from one of the  
Almanacs OF bF0ug11t up by computatiou from the Greenwich Catalvgw for  epoch 1880.. 

,, 17 contains the difference T - R.A. 

,, 18 m t a i n s  the deviation error a = - R'A'. I( b t o  be noted i h t  A Eootaina the qoantity m, 
A 

so that a is in terms af the microrxleter divisions. 

,, 19 contains the mean of the values in  column 18 Sometimes one general mean is taken and 
sometimes the night is divided into two parts. This depends on wl~ether the values in column 
18 show any evidence of a change of position haviug taken place during the hours of work. 

The last column ehoaa whether the teleaope vaa pointing t~ the East or to the West of N a r t h  
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TABLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 
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Z'dBZE 22. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 
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TABLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 

At transitof these two stars, the micrometer waa set by mistake to read I 395.0 instead of 1495.0, and consequently the correction for collimation is large. 
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EXPLANATION OF TdBLE III. 

Direct Comparison of Clock8. 

The first four columns call for no remark. 

Column 5 contains the time by the Karachi clock of the middle of the period during which signals were 
being sent or received. 

,, 6 contains the time by the Jask clock of the same instant. 

1 )  7 contains the difference between the clocks as read off the chronographic record. 

,, 8 gives the mean, to the nearest whole second, of the times given in column 5. 

,, 9 gives the mean of those in column 6. 

,, 10 contains the mean of two corresponding differences in column 7, and is the difference between 
the clocks, freed from the effects of retardation, at the epoch given in terms of the two clocks 
respectively, in columns 8 and 9.' 

,, 11 contains the deduced relative hourly rate of the clocks. It is obtained as follows :- 

The change in the difference between the clocks between two consecutive comparisons is divided by 
the interval between the comparisons, expressed in hours, and the result is the rate during the interval. Then 
the mean'of two consecutive rates ia taken and considered to be the rate at the epoch of the intervening 
comparison, opposite which it is accordingly entered. I t  will be seen that by this method the same weight 
is given to a rate deduced from two comparisons on the same night, as to one deduced from the last compari- 
son on one night and the first on the next. If the interval between the comparisons be small the deduced 
rate will be seriously aiTected by any errors in the observed differences between the clocks ; on the other hand, 
when the interval is from one night to the next there is a probability of a variation in the rate. Hence it 
appears that each method has its own disadvantages and that consequently the adoption of equal weights is 
justifiable. 



A R C  K A R A C H I - J A S K .  

TABLE III. DIBECT COMPABISON OF CLOCKS. 
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TABLE III. DIRECT COMPARISON OF CLOCKS. 
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FABLE III. DIRECT COMPARISON OF CLOCKS. 
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TABLE IP. 

T~*an&t8 of Clock Stare and Deduatwn of the Clock Correction. 

As no clock stars were observed on this arc, this table does not occur. 



I 

ARC KARACHI-SASK. 

Obeemationa of T~antti ts  of the same Stars at  both Stations, and Deduction of the 

Dzfleneace of Cowected Bmes. 

This Table includes obsmtmns at both. stations. 

The seconds of' corrected time of' transit i n  the case of the eastern station, Karachi, are obtained 
precisely as in Table- I V  of the other arcs. But in the case of the wastern station, Jaak, there is an 
additional correction. an account, of the rate of its clock. 

The quantity sought is the difEkrence between, the. errors of t h e  twol cloeks at as  particular epoch, 
namely, that at which the star transited at the eastern station. Now the interval between the transit of a 
star at the eastern statiorhand ita transit at the western station is equal to  the difference of longitude, so 
that the observed time of transit at the western station requires a ,  correction equal to the change in the 
western clock's error during an interval eqnal to the difference of longitude, i.e., equal to the cloek's hourly 
rate correction multiplied by the difference of longitude expressed in hours. This quantity is found for 
each night in the lest column of Tsble VI. There is therefore a slight interadependence between these 
two tables, but no confmion results in practice, for the quantities required from Table V inforder to 
form.Table TI do not include the correction for clock rate: thus Table V may be brought up to the point 
immediately preceding this entry, then Table VI can, be computed, in its. entirety, and lastly. the final 
columns of Table filled in. 

I t  will be noticed that on January 30th and4February 2hd'the entry in Table V doea nat quite agree 
with the last column of Table VI. The reason of this is that in Table V only two places of decimals are 
kept, so that the final value might be burdened by an error not exceeding On-005 ; in order to avoid this, 
care is taken to increase the value entered in Table V by l* in  the.second place.of decimals as often as is 
requisite to make the mean value correct to the third place of decimals. On the first six nights the errors 
caused by keeping only two places of decimal.-cancel each.other, soithat compeneation has only to be made 
during the last two. 

Having obtained the eeeonds of 'corrected time at each station, the difference between them is taken 
out. These differences are combined into means according to the positions of the two instruments, and 
corresponding to the mean, epochs of the groups, and lastly these means are combined into final means 
corresponding to final mean epoch, 
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TABLB P. OBSEEVATIONt3 OF TRANSITS OF THE 88m $l'A2!! AF 
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-0'04 I -0'03 -0.0~ +o.o4 

-0.03 0 +o.oz - 0 . ~ 3  +o'o4 

-0.04 -0'14 -0.04 -0.02 +0'04 

-0.03 -0.12 +O.OI -0.02 +oao4 

-0'04 -0.14 -0.04 -0.02 tOa0+' 

-0.03 -0.10 +oa05 -0.02 +oSo4 

-0.04 -0.14 -0.04 -oSoz +omo4 

+om04 -0.06 -0.04 -0.02 +oeoq 

+oe04 -0'06 -o'er -0.02 +o'oq 

+0.03 -0'05 +O.OI -0.02 +o.o4 

t0.03 -0.04 +oSoG -0.02 +o.o4 

+o.o4 -0.06 -0.01 -0.02 +0.04 

+oS04 -0.07 -0.05 -0.03 +0.04 

+oeo3 -0.04 +oSa6 -o.oz -0.04 

+oso3 -0.05 +040r -0.02 t0.04 

+oeo5 -0.10 +o.o6 -0.03 +oeo4 

+0.03 -0.07 -0.03 -0.02 +o.oq 

+oa04 -oe& +O.OI -omor +0.04 

+oa04 -0.08 +o.ol -o.or +o.oq 

+o.o4 -0.09 +o.or -0.02 +0.04 

+oa03 -0.07 -0.04 -o.oa +om04 

+o'ol -0.07 -0.05 -0.01 co.04 

+omo3 -0.08 -0.03 -0.02 +0.04 

-- 

Ta~rsrm Titnea by 

~ s n n  of t l ~ e  
two 

Pout~ona 

(I) 8 

- I ~7'ozj 

Difference 

Bifrh _ - 
-- 

(II # 

- 1 57-04 

I 57.08 

I 57-12 

I 57.23 

I 57.11 

1 57'12 

I 57-11 

I 57'17 

- 1 56'95 
I 56.90 

I 56.92 

1 56'93 

1 56'90 

1 56'93 

I 56.92 

I 56.87 

- I 57.10 
1 57'09 

1 57'4 

1 57.01 

I 57'08 

I 57.01 

1 57'15 

I 57.06 

NO. 2. 

Seconds 
of 

Corrlec;d 

- 
a 

4-91 

18.w 

17.60 

25'73 

35.59 

34-74 

10.78 

49-86 

43'39 

41~01 

0.80 

48.43 

zo.11 

6.68 

23-61 

33.27 

13-67 

41-91 

13.65 

8-94 

0'54 

9.02 

42.16 

21.52 

4 

4 
I 

J 
m 

8 

N 

8 

N 

8 

N 

8 

N 

N 

N 

8 

8 

N , 

N , 

8 . 

8 

N 

8 

of Correckd 
E and W Clocke 

by 
Star8 1n ~ n ~ n e  
I ~ ~ s t r ~ ~ n ~ e n t a l  

Yositlou 

-- 

fn a 

- 1 57'135 

- I 56.915 

- I 57.073 

qC - 3  

a - 
W 

W 

W 

W 

W 

W 

W 

W 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

B 

N , 

b' 

8 t 

8 

E 

E 

E 

E 

E 

B E 
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TABLE V. OBSERVATIONS O F  TRANSITS O F  THE SAME 8 T A B  AT BOTH I 

0 
.a 

4 
+ 

.g 
E 
2 
c3 

$ 

1896 

Jan. 24 

.Jan. 25 

(E), Lot. Ha 61', Long. 4b W :  AND JA8K (W), Lat. 1 5 O  38', Long. Sh 61m. KARACHI 

Number 
er. so 

1144 

1145 

1155 

1161 

1168 

1170 

1176 

1179 

425 

428 

431 

438 

444 

460 

465 

460 

464 

471 

475 

483 

489 

495 

500 

608 

STAB 

Deolination 

a 1 

18 a1 

28 18 

'7 45 

19 5 

'3 I 

41 15 

a 31 

16 19 

Mean 

14 39 

37 55 

1 7  55 

39 15 

10 55 

38 z8 

3 41 

3 8 2 6  

Mean 

4 0 3 3  

18 41 

19 2 0  

- 1 35 

30 10 

43 38 

- 1 1 9  

ao 46 

l e a n  

l k ~ n s r ~ s  O B B E B ~ ~ ~ D  

Obeerved Time 

A m  J 

6 33 17'01 

6 35 4'93 

6 35 38-03 

6 38 17'44 

6 39 44.35 

6 41 19-71 

6 42 43-41 

6 u 7'89 

6 38 55 

a 46 0.13 

47 23.67 

50 11.79 

a 51 11-61 

a 53 30.88 

2 55 30'59 

1 5 7  5'74 

2 5 8  45'19 

a 52 36 

3 1 39-01 

3 3 36.23 

3 5 55'86 

3 7 43'09 

3 9 15'36 

3 11 1-31 

3 13 18.16 

3 15 28.40 

3 8 30 

4 
u 

$ 
-A 

-2 

N 

N  

S  

N 

9 

N 

8 

8 

. . . . . .  

N 

8 W  

N W  

S W  

N 

S W  

N 

. . . . . .  

N 

N 

8 

8 

N 

N 

8 

8 

Seconds of 
Corrected 

'hue 

J 

17'19 

5 . 1 ~  

38'76 

37.70 

44'97 

19-61 

44'25 

8-45 

0.66 

21-63 

13.25 

11'54 

31'17 

30'53 

6-41 

45'74 

39.00 

36'54 

56.37 

44.01 

15.63 

1-a5 

19.17 

38-89 

4 
d 

z g  
2 2 
2 8  
;h 
Zi 

E 

E 

E 

E 

E 

E 

E 

E 

w 
' W  

W  

W  

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . .  

AT KARACHI (E) BY BURBARD WITH TRLEBCOPB NO. I. 

Correct~on for 

Collimation 1 h n l  I Deviation 1 
J 

O'OO 

0.00 

0.00 

0.00 

0.00 

+ 0.01 

0.00 

0.00 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

+ 0.01 

+ 0.01 

+O.OI 

+ 0.01 

+O'OI 

+o'oa 

+ 0.01 

+ 0.01 

J 

+ 0'40 

+ 0.40 

+0'37 

+ 0.40 

+0.35 

+0'45 

+ 0'3.3 

+0.36 

+ o ' y  

f 0.37 

+ 0-31 

+0.38 

+om32 

+Oa37 

+oar8 

+ 0.38 

+ 0'47 

+0.41 

+ 0.39 

+0.33 

+ 0.43 

+ 0.49 

+0.33 

+ 0.40 

J 

-0.10 

-0.09 

+o.18 

-0.11 

+oS19 

-0'53 

+0'53 

+o.aa 

+ o a r s  

-0.38 

+ O . I ~  

-0.43 

+O'IO 

-0.40 

+ 0.48 

-0.40 

-0.48 

-0.10 

+om13 

+ 0.60 

-0.15 

-0.60 

+0'59 

+ o m  10 

Diurnal 
Aberration 

J 

-0.01 

-0'01 

-omoa 

-0.01 

-0'01 

- 0.01 

-0.02 

-o.oa 

-omoa 

-0.01 

-oeoa 

-0'01 

-0.01 

-0.01 

-0.01 

-oSoa 

-0-01 

-0.01 

-O.O!J 

-0 .02 

-0'01 

-0.03 

-o'oa 

-0'0s 
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STATIONS, AND DEDUCTION OF THE DIFFERENCE OF COHBECTED TIMES. 

KARACHI (B), Lat. a40 61', Long. 4' W :  AND JASK (W), Lot. 86O #, b a g .  3' 51". 

Mean 

Epoch 

- T~ 

i Q ) .  1 

TBANBIT~ OBB~BVXD AT JASK (W) BY LENOX CONYNOHAM WITH TXLXBCOPB NO. h 

6 31 36 

3 33 

' 

Timer by 

Mean of the 

Posltlons 

DiBerence 
E 

B z t ~ h  _ - 
Second8 

of 
Corrected 
T... 

m 8 

- r 57.021 

- I Sf.109 

of Corrected 
snd W C'locka 

stnm in same 
Illstrt~merltd 

Yoeltlon 

Correction for 

Diurnal RBte of Collima- 1 "" / "0.i"" *;;;:- 1 clock t ~ o n  

m I 

- r 57.068 

- 1 57.068 

- I 57'150 

Obrervd Time 

Y 

- -* 
9 m 

Z 

2 8  ec 
c 
m 

A m  8 

6 31 ao.31 

6 3 3  8.35 

6 34 41.79 

6 36 30.71 

6 37 47.91 

6 39 23-72 

6 40 47-16 

6 4 1  11-49 

a 44 3.59 

a 45 16.67 

a 48 16.31 

1 50 24.48 

a 51 34-26 

a 53 33.53 

a 55 9.37 

a 56 48-62 

2 59 41.95 

3 I 39-60 

3 -3 59'31 

3 5 46.93 

3 7 18.64 

3 9 j.27 

f 11 11.06 

3 13 31.77 

H 

h' 

8 

Pi 

8 

8 

8 

8 

N 

8 

h' 

8 

n 
8 

N 

8 

h. 

6 

8 

W. 

W 

W 

W 

W 

W 

W 

W 

E 

E 

E 

E 

E 

E 

E 

W 

W 

W 

W 

W 

W 

W 

W 

m 1 

- I 57-08 
1 i6.97 

1 51-07 

1 57.09 

1 57'1: 

I 56-90 

I 57'11 

I 57.07 

- t 51-12 
1 56.98 

I 56.98 

I 57-08 

t 57-06 

I 57.02 

I 57.16 

I 57-14 

- I 57'15 
1 57'05 

1 57-16 

I 57.~0 

I 57.10 

I 57.08 

1 57'33 

r 51-23 

a 

-0.04 

-0.04 

-0.03 

-0.04 

-0.03 

-0'04 

-0.03 

-0.03 

+oao3 

tom04 

+0.03 

+o-04 

+o-03 

+0.04 

+0.03 

+0.04 

-0.04 

-0.04 

-0'03 

-0.03 

-0.04 

-0.04 

-0.03 

-0.03 

1 

+0.04 

+o.oq 

+oao4 

- +oa04 

+oa04 

+om04 

+omo4 

+oeo4 

+oSo5 

+o.og 

+o-og 

+oao5 

+oeo5 

+oSo5 

+o'o~ 

+o.o~ 

+0'05 

+o.o~ 

+0.0s 

+omo5 

' +o.o5 

+o.o~ 

+o.og 

+o.o5 

8 

ao-21 

8-25 

41-69 

30.61 

47-80 

21-64 

47-14 

~1.38 

3'54 

16.65 

16'27 

~4.46 

34-21 

33'51 

9-31 

&.do 

41-85 

39'49 

59'11 

4 - 8 1  

~8.53 

5.17 

21.94 

31.66 

8 

-0.9 

-0-09 

-0.08 

-0-q 

-0.08 

-O.LO 

-0.07 

-0.3 

-0.09 

-0.11 

-O.IO 

a 

' -0.10 

I 

-0.q 

-o.sa 

-0.12 

-0.13 

-0.10 

-0.08 

0 

I 

-0.08 

-o.lo 

1 

+o-or 

+oaol 

-0.01 

. , +o.ol 

-oeoa 

+o'o~ 

-0.04 

-o.oa 

-0.01 

+om02 

-0.01 

+0.03 

-0.01 

+o.o3 

-0.03 

+o.o3 

+oao3 

+o.ol 

-0.01 

1-0'04 

+O.OI 

+oeo4 

-0 04 

-O.OI 

1 

-0.02 

-o'er 

-0.01 

-0.02 

-0.0~ 

-oaoa 

-o.ol 

-omor 

-0.02 

-oaoa 

-0-02 

-.o.oa 

-0-02 

-oaoz 

-0.02 

-o.or 

-0.01 

-0.02 

-0.01 

-0.01 

-osoz 

-0.03 

-0.01 

-0-or 
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TABLE P. OBSERVATIONS OF TRANSITS OF THE SATvIE STAR9 AT BOTH 

J 

PARACHI 

a 
Y 

a" - 
t 
'6 a e a 
4 

1605 

Jan. 25 

(E), Lot. 24" 61', Long. 4' 29": AND JASK (W), Lat. 23 3t7, Long. 3' d lm.  

l'EAY81~s OB~ERVZD AT KARACHI (E) BY BURRABD WITH TBLPPCOPB NO. 1. STAB 

Beronds of 
Corrected 

Time 

r 

9'33 

37-55 

9.12 

4'53 

56.16 

4.66 

37'85 

1 7 . ~ 0  

15'V 

3'91 

37 '34 

16.35 

43.65 

18-27 

42'95 

7 '07 

I 

e " 
cn 

N 

8 

Y 
N 

N 

8 

9 

9 

. . . . . .  

N W  

N W  

a 

N W  

8 

N W  

8 

B 

. . . . . .  

fb:p"& 

1081 

1089 

1 W  

1108 

1110 

1116 

Declinatio~~ 

0 1 

49 20 

8 5 6  

30 33 

2 8 1 7  

31 32 

4 5 6  

8 

N  

8 

N 

8 

N 

Y 

N 

- 
S 

,g 
5 - 2 rn 

$2  - 
R 

R 

E 

E 

E 

E 

E 

E 

W  

w 

W 

W  

13 1 

41 25 

2 3 1  

16 19 

Mean 

'4 39 

37 55 

1 7  55 

39 15 

20 55 

38 as 

3 41 

@ 26 

Mean 

, 

Jam, 96 

' 

11 C8 

1170 

1175 

1179 

lrzs 

428 

431 

488 

444 

460 

455 

460 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . .  

O b e n a d  Time 

h r  r 

6 17 9.62 

6 18 36-73 

, 6 1a 8.68 

6 24 4-11 

6 15 55'87 

6 27 3-76 

6 28 36.83 

6 30 16.54 

6 24 14 

6 33 15-69 

6 35 3-70 

6 36 36-87 
t 

6 38 26.16 

6 39 43'43 

6 41  18-47 

6 qr 42.15 

6 u 6.57 

6 38 $4 

11% 1 
1130 

1144 

1 1 6  

1155 

1161 

- r 8 

16 53 

Mean 

28 1 1  

a8 18 

1 7 4 5  

2 9 5  

1 45 58'17 

r 47 21-95 

r 50 11.01 

s 51 19.69 

r 53 29-12 

2 55 28.73 

1 57 3'91 

1 58 43-89 

2 52 35 

Correction for 

Collimation / Lwei 1 De~iation lF2c 
8 

-0.03 

- 0.01 

-0-01 

- 0.02 

-0.02 

- 0.0s 

- o'oa 

-o*o1 

-0.01 

-0.01 

-0-01 

- 0 . 0 ~  

-o*ox 

-0.0s 

-omox 

-0-0s 

r 

+ osoa 

+o-or 

+ 0.01 

+o-01 

+ o'or 

+O'OI 

+ 0.01 

+ o e o l  i 

-0.01 . 

-0.01 ' 

-0.01 

-4'01 4 

-0.01 t 

-0.01 

- 0 - 0 1  

- 0 - 0 1  I 

0.00 ' 

0 .00  : 

0'00 

0.00 

4.00 

0.00 

O'OO 

0 . 0 0  

r 

+0.63 

+0.44 

+om51 

+o .51  . 

+ 0.53 

+ 0'4s 

+ 0.40 

+ 0 . 4  

. +oe34 . 

+ 0'34 

+ 0'31 

+0'34 

+o.30 

+0'39 

+oe28  

+ 0 . 3 ~  

-0'01 

-0.01 

-0 .02  

- 0 . 0 2  

-0.01 

- 0'01 

-0 '02  

- 0 . 0 ~  

r 

-0.91 

+ 0.40 

- 0 . 1 7  

- 0 . 1 0  

-0.23 

+Oe49 

+ 0.63 

+ O . L I  

-0.10 

- 0.10 

+oar9  

- 0 - 1 2  

+ o . y  

-0'55 

+0'55 

+o'zx 

+oeqo 

+ 0.49 

+ o-qt 

+OS49 

+oe4a 

+ O . H  

+0'37 

+om49  . 

58 .So 

22-03 

11.57 

19-72 

29.61 

28. ;g 

4'ib 

43'95 

+oa15 

-0'39 

+oSt7  

-0'44 

+o ' to  

-0.41 

+0.50 

-0.41 
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STATIONS, AND DEDUCTION OF THE DIFPEBEXCg OF COltRECTED TIMES. 

. 

Mean 

Epoch 

- T, 

h n  8 

6 31 34 

KABACHI (E), Lot. a41 31'. h a g .  4' !2P: AND JASK (W), Lat. 2s 3@', Long. 3' dlm. 

NO. 2. 

Seconb 
of 

Cy"? 

8 

ranla 

40.38 

12-08 

7'35 

59.05 

1-41 

40.61 

19-98 

18.63 

6.69 

40.06 

29-09 

46.29 

21-03 

45.59 

9'80 

1.81 

24'97 

14.53 

aa.77 

32.55 

31-19 

7.61 

46.83 

Timem by 

y e a n  of tile 
two 

II 8 

- I 3 

Difference 

B{$' 
, w - E 

8 

- s ~ ~ . z I  

1 57'17 

1 57'14 

I 57'18 

1 57'14 

1 57'25 

1 57'24 

I 57-22 

-157.27 

I 57-ai 

I 57-18 

I 57-26 

I 57-36 

1 57.24 

I 57-36 

I 57'27 

- I 56'99 
1 57.06 

1 57.04 

1 56.95 

1 57'07 

1 57'00 

I 57'15 

I 57-12 

of Corrected 
E and W Clockm 

Mean by 
~ t n n  in u m e  
111str11mental 

Yomition 

(I 8 

- I 57.194 

- 1 7 8  

- I 57'048 

OB~XBVIUI AT JASK 

Obwwed Time 

h n  8 

6 IS la'ro 

6 16 40.41 

6 lo 11-08 

6 ar 7-36 

6 13 59-02 

6 a5 7-45 

6 26 40.64 

6 a8 a0.w 

6 31 18-71 

6 33 6-77 

6 34 40.13 

6 36 29-16 

6 37 46-37 

6 39 m r ' q  

6 40 45-68 

6 45 9.87 

a 4  1.86 

a 45 54.98 

3 48 14'59 

i 50 ~2.79' 

a 51 3a-59 

z 53 31.81 

a 55 7-68 

~ 5 6 4 6 . 8 5  

(W) a x  LENOX CONYNQHAM W ~ T H  TBLXBOOPB 

Correction for 

Diurnal of 1 L e d  1 Deviation ( A:;:- I 
TIUNBIT~ 

4 

11. 5 0 . 2  
5 

2 m 

X 

8 

11 

3 

X 

8 

8 

h 

n 

8 

N 

P 

B 

8 

U 

N 

8 

Sl 

8 

A 

S 

8 

+omo5 

+oao3 

+o.o( 

+o'o4 

+oa04 

+o.o3 

+oeo3 

+o.o3 

-0.04 

-0.04 

-0.03 

-0.04 

-0.03 

-0.04 

-0.03 

-0.03 

+om04 

+oeo5 

+0'04 

+oso5 

+o'o5 

+oao5 

+o.o4 

+oeo5 

u 

E 

E 

E 

E 

E 

E 

E 

E ' 

W 

W 

W 

W 

W 

W 

W 

W 

E 

E 

E 

E 

E 

E 

E 

E 

8 

-0.10 

-0.07 

-0.08 

-0-08 

-0.08 

-0.07 

-0.06 

-0.o7 

-0.07 

-0.07 

-0.06 

-o.of 

-0.06 

-0.08 

-0.06 

-0.06 

-0.09 

I 

-0.10 

-O.IZ 

-0.10 

-0.12 

-0.09 

-0.12 

- 

8 

+o.o5 

-0.01 

+o.or 

0.00 

+o.oi 

-0.03 

-0.03 

-oaor 

0-oo 

0.00 

-o.or 

+o.ol 

-o.oz 

+o.o3 

-0.03 

-0.01 

-oaor 

+0.03 

-o.oa 

+0.03 

-0.01 

+0'03 

-0.04 

+0.03 

- 

8 

-0.03 

-o.oa 

-ornot 

-o*ol 

-o.or 

-0.0s 

-o'er 

-osor 

-0.05 

-oSoa 

-o.oa 

-0.0s 

-0.05 

-0.05 

-o.oa 

-omor 

-oaoz 

-0.02 

-0.02 

-0.02 

-oSoa 

-O'OP 

-0.02 

-oaoa 

clock 

8 

+oeo5 

+oao5 

+oao5 

+ono5 

+oao5 

+o.o5 

+oSo5 

+ovo5 

+oeo5 

+oaoj 

+o.o~ 

+oeo5 

+o.o5 

+o.oj 

+om05 

+o.o5 

+om04 

+oaoq 

+O'OJ 

+oao4 

+oe04 

+0'04 

+o.oq 

+o-04 , 
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TABLE P. OBSEBVATIONS O F  TRANSITS OF THE SAME STAR8 AT BOTH 

f n 
+ e 
.! 
c 
Z a 

-4 

181 

Jan. 26 

(E), Lat. 24O 61', Long. 4h W :  AND JASK (W), La;. ajO 38', Long. 3b 61". KARACHI 

1. 

Beconda of 
Curreeted 

Time 

8 

37'33 

34'96 

64-69 

41.35 

14'04 

O'Sf 

17-45 

17'09 

7-37 

35.64 

i ' 44  

2.61 

5 4 . 1 ~  

1.73 

35.M 

I j-36 

14'19 

1.13 

35'49 

24.61 

41 '87 

16'43 

41-15 

5' 19 

Number 
in Gr, 80 

464 

47 1 

4% 

483 

489 

495 

600 

WB 

1081 

1089 

1099 

1108 

1110 

1116 

1126 

1130 

1144 

1146 

1155 

1161 

1168 

1170 

1171 

1179 

a 

h 
p1 

g 
0 

N 

8 

N 

8 

8 

. . . . . .  

N 

8 

N 

N 

N 

8 

8 

8 

. . . . . .  

N W  

N W  

8 

N W  

S W  

N W  

8 

8 

. . . . . .  

BTAB 

Declination 

0 I 

40 33 

28 41 

19 20 

- 1 35 

30 lo  

43 38 

- 1 1 9  

l o  46 

Mean 

49 to  

8 5 6  

30 33 

28 17 

32 31 

4 j 6  

- I  8 

16 53 

Mean 

28 ar 

28 18 

1 7 4 5  

2 9 5  

13 I 

41 25 

a 3 1  

16 19 

Mean 

- 
.a 

! g  
'2 

Z po a n  
2 

W 

N W  

W 

8 W  

W 

N W  

W 

W 

E 

E 

E 

E 

E 

E 

E 

E 

W 

W 

'iV 

TBAXBIT~ OBSEPVED 

Obrerved Time 

k C n  a 

3 1 37'46 

3 3 34'73 

3 5 51-14 

3 7 41.48 

3 9 13'85 

3 11 0.81 

3 13 16.58 

3 15 16.68 

3 8- 28 

6 17 7'79 

6 18 34'81 

6 l a  ; - I S  

6 24 1-23 

6 I5 54'O5 

6 17 1.81 

6 28 34'93 

6 30 14.71 

6 24 ra 

6 33 1.3'95 

6 35 1'79 

6 36 34.88 

6 38 14.29 

6 39 41-15 

6 41 16.54 

6 41 40.19 

6 44 4'55 

6 38 51 

AT KARACHI (E) BY BURBARD WITH TPLEBCOPL NO. 

Correction for 

i n  1 ~ w e 1  1 Deviation 1 Dillma1 

8 

-0.01 

0.00 

o ' w  

0.00 

0-00 

-0'01 

0.00 

0.00 

+O.OI 

0.00 

0.00 

0'00 

0'00 

0.00 

0.00 

0.00 

0.00 

0-00 

0.00 

0.00 

0.00 

-0.01 

0.00 

0.00 

a 

-0.49 

-0.11 

+0 '14 

+o.61 

-0.15 

-0.61 

+0.61 

+o-10 

-1.00 

+ 0.44 

-0.18 

-0.11 

-0.15 

+ 0.54 

+ 0.69 

+0 '13 

-0'11 

-0.11 

+ 0.10 

-0. 13 

+Oe.33 

-0.60 

+ 0.60 

+oa14 

a 

+ 0'39 

+ 0.35 

+ 0'33 

+oa28 

+ 0.36 

+0'41 

+o.18 

+ 0'33 

+ 0.60 

+oe41 

+ 0.49 

+0'49 

+ 0'50 

+ 0.40 

+0.38 

+ 0.44 

+ 0'47 

+ 0.47 

+0'4.3 

+0.47 

+ 0.41 

+0.52 

+ 0.38 

+ 0.4s 

A borrutron 

8 

-0'02 

-0-02 

-0.01 

-0.02 

-0.01 

-0.03 

-0'02 

-0.01 

-0.03 

-0'01 

-0'01 

-0.01 

-0'01 

- o . ' o ~  

-o'oa 

-0-01 

-0'01 

-0'02 

-0.02 

-0.01 

-omoa 

-0.02 

-o.oa 

-0'02 
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BTATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED- TIMES. 

. 

XARACHI (E), k t .  a40 61: Long. 4' W :  A N D  JASX (W), 

Man 
Epoch 
, T 

P 

b m 8  

3 o 32 

6 31 31 

L o t .  as0 38', Losg .  8h 61'. 

-. 

- 
3 

X 

B 

S 

N 

19 

8 

8 

N ' 

8 

N 

N 

N 

8 

6 

8 

h' 

N 

8 

N 

B 

N 

S 

DiBerence 

BY each 
Star - 

.i J 

- I 57-26 
1 57'28 

1 57'33 

1 57'35 

I 57.28 

1 57'19 

I 57'3I 

I 57-19 

- 1 57.13 

I 57.01 

1 57'17 

1 57'07 

1 57.09 

1 57'07 

I 57.10 

1 57'12 

- I 57-34 
I 57.02 

I 57-00 

I 57.11 

1 57'15 

I 56,98 

1 57'07 

I 56.95 

T u s s r ~ a  

3. 
e . 2  
6 -' 
? a  
3" 
cr 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

E 

E 

E 

E 

E 

E 

E 

F 

- -  

NO. 2. 

Seconds 
ot 

h;y;;d 

8 

40'0; 

37'67 

57.46 

45-00 

16.76 

3'38 

20'14 

29'90 

1o.aq 

38.63 

10.27 

5'54 

57.19 

5.66 

38.88 

18.24 

17.05 

5-11 

38.49 

27'49. 

a-72 

19'4j 

44.08 

8.24 

JA8K (W) BY LICNOX CONYNGHAM wITa TPLPBCOPS 

Correction for 

1)iuma1 of 

of Correcbad 
E and W Clocks 

1 1  

8 

- I 57.r61 

- I 57'095 

- I 57.66 

O ~ a ~ a v s ~  AT 

Observed Time . 

h S #  8 

z 59 40.33 

3 I 37'83 

3 3 57.62 

3 5 45-18 

3 7 16-92 

3 9 3.54 

3 1 1  20'32 

3 13 30.07 

6 15 10.46 

6 16 38'75 

6 ao 10.43 

6 22 5-69 

6 a3 57.34 

6 a5 5.78 

6 16 38.98 

6 a8 18.37 

6 31 1f.05 

6 33 5-11 

6 34 38'49 

6 36 27'49 

6 37 44'72 

6 3 9  19.44 

6 40 44'07 

6 42 8.24 

Collims- Level Deviation 

Timer by 

~ e a n  OF the 

m 8 

- I 57.155 

- 1 57'081 

Aberrn- / 1 I tit). 1 w clock 
J 

-0.06 

-0.05 

-0.04 

-0-04 

-0.05 

-0.06 

-0.04 

-0.05 

-0.07 

-0.04 

-0.05 

-o.oj 

-0:05 

-0.04 

-0.04 

-0.04 

+o.o5 

+O.OS 

+o.o4 

+0.05 

, +0.04 

+o.d 

+om04 

+o.o+ 

8 

-oeoz 

-0.02 

-0.03 

-0.02 

-0.02 

-0.03 

-0'02 

-o'er 

-0.03 

-0.02 

-oSor 

-oaor 

-o.or 

-oaor 

-0.02 

-oaoa 

-0.02 

-0.0~ 

-oaoa 

-0.02 

-0.02 

-oeoa 

-0-or 

-0.0~ 

8 

-0.16 

-0.14 

I 

-oetr 

-0.14 

-0.16 

-0'11 

-013 

-0.15 

-0.10 

-0.1~ 

-0.12 

-0.13 

-0.10 

-0.09 

-0.11 

-0.07 

-0.07 

-0.06 

-0.07 

-0.06 

-0.07 

-0.05 

-0.06 

8 

+o-04 

+o.q 

+omo4 

+ o - q  

+o.od 

+oao4 

+0'04 

+oa04 

+omor 

+om04 

+om04 

+oao4 

+oSoq 

+o-04 

+oSo4 

+ o . o ~  

+one( 

+o.q 

+o.oq 

+o-04 

+0.04 

+oao4 

+o.o~ 

+oao4 

~ 

8 

+o.oq 

+O.OI 

-0.01 

-0.05 

+o-01 

+on05 

-0.05 

-0.01 

-0.01 

0.00 

0.00 

0.w 

0.00 

0.00 

+omor 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
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TABLE V. OBYEEVATIONS OF TRANSITS OF THE SAME STAR8 AT BOTH 

m 
Y 

d - 
5 
.$ 
i3 
Y 

4 

1895 

Jan. 57 

(&). hf. W SZ', Lmg.  4' !XP : AND JA8K (W), Lat. 25O w, Losg.  SL 61'. KARACHI 

rgy& 

428 

431 

438 

444 

460 

4 5  

460 

464 

471 

476 

488 

489 

495 

M)O 

608 

1081 

1089 

1099 

1108 

1110 

1125 

1130 

Seconds of 
clxmcl*d 
T ~ m e  

# 

19-68 

9'36 

17'S0 

27-31 

26.55 

2.9' 

41-65 

35' 14 

32.64 

51'52 

40.10 

11-73 

58.17 

15-az 

24'9 

5-34 

33'57 

5-29 

0.53 

53'19 

33'85 

13.a3 

a 

L 
4 - 
2 
rA 

N 

8 

bT 

B 

H 

S 

N 

. . . . . .  

8 

N  

0 

Bl 

bl 

8 

8 

(I 

STAB 

Declimtion 

0 ,  

37 55 

17 55 

39 15 

20 55 

38 28 

3 41 

3 8 2 6  

Mean 

40 33 

18 41 

19 to 

- 1 3 5  

ja 10 

43 38 

- I 19 

20 46 

M a n  

49 20 

8 5 6  

30 33 

a817 

31 33 

- 1  8 

16 53 

Mean 

- 
:a 
m .O 
=, E 2 
$ 2  
E 

E 

E 

E 

E 

E 

E 

E 

N W  

N W  

S W  

W 

N W  

N W  

8 W  

S W  

. . . . . .  

W 

R 

w 
W 

W 

W 

W 

. . . . . .  

T ~ u e r m  O P ~ B ~ V X D  

ObenedTime 

h W 8  8 

2 4; 19.65 

r 50 8.90 

z 61 17-51 

1 53 86.4 

2 55 16.53 

1 57 1-73 

2 68 41-63 

2 53 19 

3 1 35'25 

3 3 32.40 

3 5 51'05 

3 7 39'19 

a 9 11.53 

j 10 58.60 

3 1.3 14'30 

3 15 14-46 

3 8 16 

6 1 7  5'71 

6 18 32.79 

6 12 5.00 

6 a4 0.18 

6 1s 51.96 

6 a8 33-81 

6 jo 12.61 

6 23 46 

AT KARACHI (6) BY BURBABD wrra: T ~ P ~ ~ ~ P J J  NO. 1. 

Correction for 71 D e _ m  ( ' 

Diurnal 
Aberration 

8 

-0.01 

-0.0~ 

-oeoa 

-0.01 

-0'01 

-0.01 

-0.01 

-0.01 

-0'01 

-0.0~ 

-0.01 

-0.01 

-oaoj 

-0.02 

-0.01 

-omoj 

-0-01 

- 0.01 
-O-OI 

- 0.02 
-0.0~ 

-0.01 

I 

-0.41 

+oar8 

-0.46 

+o-10 

-0.43 

+oa5r 

-0'43 

-0.51 

-aa 1 1  

+ O . I ~  

+ 0.64 
-0.16 

-0.64 

+ 0.64 
+O.II 

-0.91 

+oe4o 

-0.8 7 

-0.10 

-0.~3 

+oa6j 

+O*II 

Collimstion 

-0.01 

-0.0~ 

-0-01 

-0-01 

-0.01 

-0-01 

-0.01 

+ 0.01 
+O'OI 

+ 0-01 
+O.OI 

+o-01 

+ 0.02 
+ 0.01 
+ 0.01 

+ 0.01 
+ 0.01 
+o-01 

+o-01 

+ 0.01 
+ 0.01 
+ 0.01 

8 

+ 0.47 

+om4o 

+ 0.48 
+ 0.41 
+o-48 

+0.36 

+o.& 

+ 0.40 
+ 0.36 
+0'33 

+o.18 

+ 0.37 

+ o-41 
+oaa9 

+Oe34 , 

+ 0.56 
+0'39 

+0'47 

+0.46 

+ 0'47 

+ 0.36 
+ 0.42 
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STATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. 

KARACHI (E), Lot. WO Gl' ,  Long. 4h 28': AND JASK (W), h t .  2B 36', Long. 3' 61'. I 



A R C  K A R A C H I - J A S K .  

. TdBLE V. OBSEItVATIONY OF TH.AINSI1lS OF THE SdME STARS AT BOTH 

Q 
a 

2 
2 .- 
B 
C 
3 - 
4 

-- 

1895 

Jnn. 27 

Jan. SO 

- - 

KAEBCL1I 

' 

1144 

1145 

1155 

1161 

1165 

1170 

I I i S  

1179 

428 

43 1 

438 

.UJ 

450 

155 

4tiO 

464 

47 1 

475 

455 

4.39 

495 

600 

608 

( E ) ,  Lot. 24" 511, Long. 4": AND J A S 6  (\V), Lot. 25' 36Y, Long. .Yh dlm.  

t 

STAB 

Declination 

0 0 

a8 21 

28 18 

17 45 

1 9 5  

1.3 1 

41 25 

2 32 

16 19 

Meat1 

37 55 

17 55 

39 15 

10 55 

38 a8 

3 41 

38 a 6  

Mean 

40 33 

28 41 

19 ao 

- 1 35 

30 10 

43 38 

- I 19 

ao 46 

Mean 

Seco11d8 of 
Corrrctrd 

'I'ilne 

a 

11.71 

59'iB 

3.3'18 

12.11 

39-52 

14. 18 

~8'77 

2.96 

15'63 

5' 2.3 

13.4' 

23.31 

22.46 

58.56 

37.67 

30 ' 79 

zfi.43 

48.36 

36.06 

7'64 

54.06 

11.17 

~0.84 

e 

E 

1 .. 
-3 
S 

N 

N 

8 

N E  

8 

N  

8 

8 

. . . . . .  

N W  

8 

N 

8 

N 

8 

N  

. . . . . .  

N 

N 

S 

S 

N 

N 

8 

Y 

Tsassr~s O B S E B T ~ D  

Observed Time 

h m  8 

6 33 "'39 

6 34 59'46 

6 36 32.70 

6 38 a1.90 

6 39 38.8; 

6 41 14.26 

6 42 37 88 

6 44 2.36 

6 38 50 

- 

a 47 15.66 

a 50 4'78 

a 52 13'47 

a 53 a2.91 

35 a"$o 

a 56 57.83 

2 58 37-71 

a 53 2 5  

3 1 30.87 

3 3 28-19 

3 5 47'92 

3 7 3.5 '23 

3 9 1'44 

3 80 54'2+ 

3 '3 lo.34 

3 15 20.42 

3 8 a1 

- 
2 = =  
2.2 
f 
8 
2& - 
E 

E  

E  

E 

E 

E 

E 

\V 

\V 

w 
W 

W 

W 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . .  

AT KARACHI (E) BY BUHRARD WITH TELESCOPB NO. 1. 

Correct ion for 

1)1urt>el 
~011 irn~t ion  1 h v e 1  1 ~~iimtion 1 Aberl.ntion 

8 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-O*OI 

-0.01 

+o'oa 

+ 0.01 
+ 0.01 
+ 0.01 
+o'oa 

+ 0-0) 

+o.oa 

-o.o? 

-0'02 

-0.02 

-0.0) 

- 0.01 
-omoa 

-o'oa 

-eaoa 

# 

+ 0.45 

+0'43 

+ 0.42 

+0.46 

+ 0.40 

+oa51 

+0'37 

+o.qr 

+ 0'34 

+ 0.29 

+ 0'35 

+0.30 

+ 0.35 

+0.26 

+0'33 

+ 0.43 

+o-38 

+ 0.35 

+o..qo 

+ 0.38 
+ 0.44 

+oe3o 

+ 0. 36 

8 

-0' 10 

-0' 10 

+oe19 

-0.11 

+ 0.30 

-0'55 

+0'55 

+o'la 

-0'37 

+0.16 

-0.41 

+ 0.q 

-0'39 

+ 0'47 

- 0.39 

-0.46 

-0' 10 

+oe13 

+O'57 

-0.14 

-0.57 

+o'57 

+oalo 

8 

-0.0~ 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0'02 

-0'0a 

-0.01 

-0-oa 

-0'02 

- 0.01 
-0.02 

-0'0) 

-0.01 

-0-01 

-0.0~ 

-0.01 

- o'oa 
-o'er 

-0.0.3 

-o.oa 

-o'oa 
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STdTIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. 

Mean 

Epoch 

TE 

h m a  

6 31 18 

3 o 54 

KAR.ICHI (E), L o t .  24O G l ' ,  Long. 4h 2 P :  AND J A S K  (W), Lot .  2F 3E', Long. 3" 51'". 

- . . 

-4 

2 
2 
4 
-Y 

2 - 
%' 

N 

N 

8 

N 

8 

8 

8 

h' 

S 

N 

6 

x 
8 

N 

N 

Pi 

S 

S 

N 

N 

8 

S 

Times by 

Mean of the 
I N O  

Positionn 

m  r 

- I 56.018 

1 

, - I 5 5 " ~ 4 ;  

Difference 

5tur - - 

P r 

- I j5'8.3 

1 55'8.3 

1 55'98 

1 55.88 

1 35'94 

1 55'87 

1 55'91 

1 j5.93 

- 1 5 5 . 2 2  

1 55'17 

1 55'19 

1 55.19 

s55'2.3 

1 55'4.5 

1 55'3.3 

- 1 5 5 . ~ 0  

I 55-12 

1 55'29 

1 55'41 

1 55'21 

1 55'07 

I 55'.32 

I 55.28 

TRANJITS 

d 

3 
t.: z .- = = 
? a 
Z y  
9 5  - - 
E 

E 

E 

E 

E 

E 

E 

E 

W 

W 

W 

W 

\ 

W 

W 

E 

E 

E 

E 

E 

E 

E 

E 

of Corrcrted 
E nlltl \V Clocks 

Men. by 
S I H ~  i l l  mime 
I n a t r ~ ~ l l ~ a ~ ~ t u l  

Posit ion 

m r 

. 

- I 53.898 

- 1 55'269 

- 1 55.225 

OBSERVRD AT 

Observed ~ i k e  

h m  r 

6 31 15'91 

6 33 3'99 

6 34 37.35 

6 36 2 6 . 3 7  

6 37 43.62 

6 .w r8.34 

6 40 42.90 

6 42 7-08 

2 45 m . 5 1  

2 4 8 1 0 . 1 9  

z 5 0 1 8 . , 3 3  

z 5 1 ' 2 8 . 1 4  

2 53 37'33 

a 55 3-16 

J 56 42.44 

a 59 35-74 

3 1 33.37 

3 3 53-16 

3 5 4 0 ' 7 6  

3 7 12.49 

3 8 59'0.3 

3 11 15.96 

3 13 25.63 

J A S K  (W) BY LESOX CONYN@IFAM WITH TELESCOPE NO. 2. 

Correction for / S e y d s  

I)it~rlnil of Comcted Collima- 1 L e v  1 Deviation A 1 , 'l'iu~o 

I r r r r a 

+0.03  -0.08 0.00 -0.02 +o.o .~  15'88 

+o,o3 -0.08 0.00 -0-oz +0.03 3'95 

+0 .03  -0.08 -0.0s - 0 . 0 2  + o  03 37.30 

+0.03 -0 .08  0.00 -o.or +o.o.z 26.33 

+o-03 -0.07 -O'OI  -0.02 + o - o . ~  43.58 

+o.oq -o.og . +O.OI -0 .02  + o . o ~  18.31 

+0 .03  - e . o 7  - 0 . 0 ~  - 0 . 0 2  +o-03 4a.85 

+ 0 . 0 3  -0.08 -0.01 -0.02 +om03 1-03 

-0.0.'' -0.14 +O'OJ - 0 . 0 2  + O ' O ~  ZO-41 

-0.02 - 0 . 1 2  -0.02 -0.02 +o.o5 10.06 

-0 -03  -0.15 +0 .04  -0 .02  +o.o5 18.22 

-0.02 - 0 . 1 2  -0 .01  , - 0 . 0 2  + o - o ~  18.02 

-0'0.9 -0.14 + O ' O l  - 0 . 0 2  + O ' O j  27-13 

-o.oa - 0 . 1 1  -0.05 - 0 . 0 2  + o , o j  3.11 

-0.03 -0.14 +o.04 -0-oa + o . o j  42.34 

+0 '03  - 0 . 1 s  + o . o ~  - 0 . 0 2  +o.o5 35.69 

+ 0 ' 0 3  -0.13 f 0.01 -0 '02  + O m 0 j  3.3'31 

+o.oz - 0 . 1 2  - 0 . 0 2  -0 .02  . +o.o j  53-07 

+o.oz -0.10 -0.06 -0.02 +o.o5 40.65 

+0'O3 -0.13 4-0.01 -0.02 . + O ' O j  12.43' 

+0-03  - 0 . 1  5 +oe06 -0.03 +oS05 58-99 

+o.oz - 0 . 1 0  -0.06 -0-02 +o.o5 15.85 

+0.03 . - 0 . 1 2  -0.01 - 0 . 0 ~  +o.o j  25.56 

J 
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FABLE P. OBSERVATION8 OF TIL$NII[!L% OF THE SAME STARS AT BOTH 

I 

Q 
.a 

ii ." 
B 
2.j 
8 
+I 

4 

I b 5  
Jan. SO 

Feb. 2 

A 

(X), Lat. 84" a', h n g .  4' lP"3 AND JASE (T), Lot. 85' 3S1, Long. 9b dl'. 

Y -  
0 

& .  
m 
i 

rn 

N 

.S 

N 

N 

N 

8 

N 

8  

N 

. . . . . .  

: 
N 

.8 

8 

N 

N 
b 

S 

8 

. . . . . .  

KARACHI 

ST- 
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STATIONS, AND DEDUCTION OF THE DIFFERENCE OF COBBECTED TIMES. 

KARACHI (E), Lcrt. 840 61', h a g .  4' 2tP: AND JABK (W), k t .  W' W, Long. dL 61'. I 
TBlSmm OB~BEVED AT JABK (W) BY LENOX CONYNQHAM WITB ' ~ ~ E S C O P E  Ba 8. I DiBerence of Correctmi Tima by 

E and \V Clocks I 1 
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EXPLANA'I'ION OF TABLE PI. 

Deductiolr of Clock Rate Correction. 

From the results contained in Tables I11 aud V, the clock rate correction can now he deduced. 
Column 1 contai~is the name of the arc. 

,, 2 contains the approximate difference of longitude in hours and minutes. 

,, 3 contains the date. 

As no clock stars were observed on this arc, columns 4, 5, 6, 9, 10 and 11 are blank. 

,, 7 contains the hourly cloclc rate as dedomd from ohservatioos of longitude stars. The rate 

from night to night is obtained from the observed times of transit of the same star 011 two 
consecutive nights, the difference between the two being divided by 24 hours. The mean of 
the results obtained from individual stars is taken as the rate during the 24 hours betweeu 
the two nights, and the mean of the rates during two consecutive periods of 24 hours is 
taken as the rate on the night between them. 

,, 8 contains the rate given in column 7 which is used as he. 

,, 12 aud 13 contain similar quantities to those in coIumns 7 and 8 but for the other station. 

,, I t  contains the relative hourly clock mte during each night deduced from the clock comparisons, the 
value ente~~etl is the mean of all the'values appertaining to the night, contained in the last 
column of Table 111. 

We have now the hourly rate of each clock derived from star observations, and also the relative hour1 J 

rate of the clocks derived from the clock comparisons. I t  is clear that the last should be equal to the 
algebraic difference of the first two, i.e., using the notation given on the Table, we should have 

Hence in forming the final value of the hourly rate we take He s 4 (h, + h, - R), a d  the 
resulti~ig value is entered in column 15. 

Similarly H, = 4 (h, + he + R), which is given in column 16. 

In  column 17 is given the change in the error of the Western clock during a period eqlal to the  
difference of longitude. The use of this quantity has already beeu explained in eounectian with Table V. 
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EXPLANATION OF TABLE VIX 

Retardation of the Electric Colrrent. 

The retardation of the electric current comiuted in this Table does not enter into the difference of 
longitude, but much interest attaches to its value, and clearly any abnormal result would throw doubt upon 
the accuracy of the clock comparison whence it was deduced. 

Column 1 contains the name of the arc. 

,, . 2 contains the date. 

,, 3 contains the time by the East or Karachi clock corresponding to the middle of the period during 
which a comparison was beiug made at Karachi, that is, during which Jask was transmittiug 
signals to Karachi. 

,, 4 contains the time, still by E clock, corresponding to the middle of the period during which Karachi 
was transmitting signals to Jask. 

,, 5 contain8 the interval between the times given in columns 3 and 4. 

,, 6 and 9 contain the difEerences between the clocks as observed at Jask and Karachi respectively. 

The differences given in columns 6 and 9 have to be reduced to the same epoch and to do 
this the difference observed at Jask receives a correction equal to the relative hourly 
clock rate, taken from the last column of Table 111, multiplied by the interval givw in 

column 5 reduced to the decimal of an hour. This correction and the corrected difference 
between the clocks as observed at Jaak are given in columns 7 aud 8. 

,, 10 contains half the differehce between columns 8 and 9. 
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TABLI tlI. RETdaDATION OF THE ELECTRIC CURRENT. 

I 
ardur in truulatioa t Or- in tmlulstion. 3 Ormars and Charbar in tmnrlstion. 

- 
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of tlre 
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8 
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TABLE 7 . L  RETARDATION O F  THE ELECTRIC CURRENT. 

Uy submarine cable. f Orruarn in  translation. 
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TABLE VIII. 

lEeduction of Clock Correclions and Clock Cm~pariaom to the same Epochs. 

As no clock stars were observed on this arc, this table does not occur. 
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EXPLANATION OF TABLE IX. 

Reduction of Clock Comparieona and the DiJEerencee between the Clock Correctwrw 
to the same Epoch8 by Interpolation. 

This table deals with the observations of longitude stars and the comparison8 which are connected 
therewith. 

Column 1 contains the date. 

, 2 contains the epochs whether of clock comparisons, from Table 111, or of the differences of 
corrected times, from Table V, arranged in order of sequence, and all in terms of the 
East clock. 

,, 3 contains the Merence of the corrected times, from Table V, entered in link with its epoch. 

,, 4 contains the difference between the two clocks by direct comparison, from Table 111, entered in 
line with its epoch. 

,, 5 is obtained by interpolation from column 3 and ie the corrected difference between the obaerved 
times at the epoch of the middle comparison, in line with which it is entered. 

,, 6 contains the difference between the clocks brought up by interpolation from column 4, to the 
epochs of the quantities in column 3. 

If, as on the 21st January, only one value of the dif€erence between the corrected times be available, 
column 5 must be left blank. 
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TABLE IX. REDUCTION OF CLOCK COMPARISONS AKD THE DIFFERENCES BETWEEN THE 
CLOCK CORRECTIONS TO THE 9AME EPOCHS BY INTEBPOLBTlOX. 

- 

Data 

-- 

1893 

Jannary 21 

n 23 

I 24 

ss 96 

i 

T, Epochs 

i m  8 

2 35 1 

3 1 '7 

4 a 32 

2 28 30 

3 0 36 

4 2 59 

5 44 19 

6 3g 38 

7 53 30 

2 1.3 3" 

3 0 35 

4 ' 3 0  

3 4 5  0 

6 31 36 

7 3 P  0 

L IS Sd 

3 0 33 

4 4  0 .  

5 43 30 

6 31 3 4  

7 39 59 

D~fference 
betwee11 the ClocL 

Corrections - 
D~fferal~ce of Corrected 

T~rue* of Table V 

0) 8 

... 
- I 56.133 

... 

... 
- a 57'057 

... 

... 
- 1 51'039 

... 

.., 
- a 57-02; 

... 

... 
- Z 57.071 

..a 

... 
- 1 57.109 

... 

... 
- 1 57'a39 

..a 

D~ffcrence between 
the Clock 

Corrections Interpolated 
to Epoch of Clock 

Compartuon 

nb 8 

... 

... 

... 

.a. 

.a. 

- 1 57'052 

57'043 

-.. 
.. t 

. a .  

... 
- 1 57'038 

57.061 

... 

... 

... 

... 
- I 57'148 

57'f09 

... 

... 

D~ffrrence between the 
I'lmes ot the two Clocka 

obtni~ied by Dlrect 
Oompar~son from 

Table 111 

0 )  I 

38 55'985 

... 
38 56.042 

38 56.960 

. a .  

.@ 56.936 

38 56.975 

... 
38 56'976 

38 57-003 

... 
38 57'013 

38 57'=3 

... 
38 57'048 

38 56.960 

... 
38 57'048 

38 57'142 

... 
38 57'187 

D~fference between 
tile Clocks by 

C o m p a r ~ ~ o ~ ~  Interpolated 
to Epoct~ ot 

Clock Correct~on 

0 )  I 

... 
38 56.002 

... 

... 
38 56.959 

... 

... 
38 56.9;~ 

... 

,.a 

38 57'007 

... 

... 
38 57'022 

. -. 

... 
38 56'99, 

... 

... 
18 57.161 

... 
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TABLE IX. REDUCTION OF CLOCK COMPARISONS AND THE DIFFERERCES BETWEEN THE 
CLOCK COBRECTLONS TO THE SAME EPOCHS BY INTERPOLBTION. 

' 
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I 

EXPLANATION 03'' T'633ZE 2Z 

Deduction of the ~ $ s t ? e a a s ,  of Longitude. 

Table I X  contains all the data for computing. the diilerexwe of longitude, 

Column 1 contains the nsm~.of the arc, 

: ,, 2 contains the date. 

,, 3 contains tbe epochs for which data-are available. They are. talien, from! colum~m 2 of Table.=. 

,, 4, 5 and 7 are b l d  as  no clock stara were observed. 

,, 6 and 8 contain the numbers of longitude stars observed at each station on each night. 

,, 9 contains the difference. between the corrections of, the  clocks.. It ia  taken fromacolumn 3'or 5 of' 
Tabla IX 

,, 10 contairae the difference between We clocks by direct cornparison,at the-epoeh, given in cohmn 3 ; 
this quantity is to be found either ia colpmn 4 or 6 of Table IX. 

, 11 contains the observed difference of longitade, whichis equal to the sum of the. quantities i n  the 
two preceding du-s. The mean and its probable error are entered a t  the bottom of tlle 
column. 

,, 12 contains the valae of the personal eqpation, and its probable error; 

,, 13 contains the Final DiBEerence of Longitude andits probablewrroli. 
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TABLE X. DEDUCTION OF THE DIFFERENCE OF LONGITUDE. 

Arc 

! 
2 
3 
4 
s 
4 

D~~~~~ 
t 11% 

Clocks 
I),rect 

Comparlsoli, 
at the Epoch 

of 8 

h 

o 38 56.001 

o 38 56.959 

56'956 

56.975 

56.975 

o 38 57.007 

57'013 

57'='3 

57'oza 

o 38 56.991 

57'018 

~7.141 

57.161 

0 38 sl-ogg 

5; '090 

57"'45 

57'='5 

38 56.094 

56'054 

56.008 

55'985 

0 38 55'raa 

65 '313 

55'401 

55'443 

0 38 59'098 

Mean ... 
p.e. ... 

Difference 
between 

t Le 
Corrections 

of tile 
'lid - 

01 J 

-I 56.133 

- r 57.057 

1 57'051 

1 57'043 

1 57'039 

-I 57'ong 

1 57.038 

I 57.061 

1 57.071 

-I 57,109 

1 57'148 

1 57.209 

I 57'139 

- 1  57'155 

1 57'134 

1 57'097 

I 57'081 

-1 56.135 

I 56.100 

1 56'047 

I 56.018 

- 1  ss'r47 

1 55'334 

1 55'4.39 

I 55.481 

-1 59.157 

+ 

2 = 
6 ;; 
!a -3 

4 

1895 

Jan. 21 

,, 23 

,, 2) 

,r 25 

,, 26 

1, 27 

,, 30 

Feb. 2 

Jnsk 

Deduced 
Clock 

~ o r n c t l o n  
from Table 

VIII 

Karnelli 

Deduced 

~ o f i z i o n  
fro111 Table 

VIII 

W 

No. 
of 
Stun 

13 

31 

32 

83 

33 

90 

2% 

Is 

E 

No. 
of 

S t m  

13 

31 

32 

82 

3a 

80 

22 

13 

-- 

By 
D C'iock T 

E 

h 6 

3 I 17 

3 0 56 

4 1 59 

5 44 29 

6 31 38 

3 0 35 

4 '30 

545 0 

6 31 36 

3 0 33 

4 4 0  

5 43 30 

6 31 34 

3 o 3s 

4 13' 

5 45 31 

6 31 33 

3 0 58 
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The difference of longitude between these places is 52 minutes, so that a programme of longitude 
stars would have been tedious; i t  was at firat intended to arrange the observations in the same way 
as had been done on the arc Karachi-Bushire, that is to say, to have a programme of longitude stars 
supplemented at each station by an independent set of clock star observations. The weather however at both 
stations was broken and cloudy which rendered the longitude stars liable to fail; they were therefore 
abandoned and each observer worked independently of the other. 

The normal number of clock comparisons per night was fixed at three on this arc, but sometimes on 
account of clouds putting an end to the work and sometimes on account of interruption of communication 
through storms or accidental causes the average obtained did not quite amount to two. Some anxiety had 
been felt as to the success of exchanging signals direct through a line composed partly of cable and partly 
of land-line, but no di5culty was experienced : the signals received had the slow deliberate character which 
had been observed when submarine cable was in use on the Persian Gulf arcs, but they were perfectly clear 
and satisfactory, and the values of the retardation deduced from the comparisons are consistent and good. 

Owing to the position of the Observatory at  Greenwich which was lent for the work i t  was not 
possible to erect the collimator, and the collimation correction could not be determined in the usual way. 

The course adopted was to deduce the value of C, from observations of circumpolar stare in both 
positions of the telescope, and also from the differences between the observed clock corrections obtained 
in the two positions, using a tentative value of C,. The transit stars being divided equally between the 
positions I.P.E. and I.P.W., a small error in the adopted value of C, would have no ultimate effect except 
on the value of the deviation correction; in determining the latter it is, aa arule, impossible to distribute 
the observatioas between the two positions of the telescope and between stars at upper and lower culminations 
so as to eliminate entirely the effect of collimation error; cotlsequeutly i t  was considered necessary to 
deduce the error of the value of C, tentatively adopted, and then to recompute all the observations at  

Greenwich with the new value so found. 

A preliminary Table A contains an abstract of the results of the computations for the deduction 
of C, on each night. I t  will be seen that the value is remarkably steady, and i t  was considered proper 
therefore to adopt a mean value for all observatious made at  Greenwich. 

This mean value is entered in Table I iu the column headed C, which usually contains the value 
obtained by means of the collimator. 
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1 TABLE A. 

Abetract of determinations, from star observations at Greenwich, of the readhg 
of the micrometer, when the central wire was truly collimated. 
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do. do. . . . I  
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By a oircumpolar r h r  I t ,  ... ... 

Mean ,.. 
J 

Mean of 
night - C. 

16.5 

... 
16.8 

... 

... 
16.5 
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... 

... 
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16'5 

Observations by 
) Lenox Conyngllam. 
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EXPLANATION OF FABLE I. 

d bstract of Determidiow of Collimation and Zwd Cerrectisn- Colretauta 

. Column 1 contains the astronomical date. 

,, 2 contains t l e  namee of the stations. 

,, 3 coatrtina the names of the observers and iudicates t l e  telescope used by each. 

. 4 contains the mean sidereal horn  at which the several determinations were made. 

Column 6, Beaded C,, gives the reading of the micrometer when the ,collimator cross is  intersected by the 
c e ~ d r d  traneit wire, the telescope being in the position I.P.E. (i.e. Iliuminated Pivot East). 

,, 6, headed C,, gives the corresponding reading, the telescope being I.P. W. 

,, 7, headed C., gives the mean of the two preceding readings, i.e. 4 (C,+C,). C, is therefore tke 
reading of the micrometer when so k t  that the centre wire ie -truly collimated. Far 
Greenwich the value of C, is taken from Table A. 

, B, headed C,, gives the reading of t'he micrometer aa set during the observation of star transits. , 
This setting waa arbitrary and waa not changed in either instrument throughout the arc. 

,, 9, headed c,, give6 the cellimation correction-constant for the position I.P.E. c, is equal to 
c* - c,. 

51 10, headed G, givea the corresponding correction-constant for the positim I.P.W. c, ie equal 
to c.- c*. 
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EXPLANATION OF TABLX I-(Continwd). 

Level: 

Column 11, headed Me, gives the reading of the micrometer when the centre wire and its reflection from 
the mercury trough coincide, the telescope being in the position I.P.E. 

,, 12, headed M,, gives the corresponding reading when the telescope is in the ~osi t ion I.P. W. 
- 

31 13, headed M,, givee the mean of the two preceding readings, i.e. 4 (Me+ M,). 

This quantity is not used in the computations but i t  should remain constant and therefore affords a 
valuable safe-guard against blunders in reading M, and M,. The nature of the quantity is dincussed in 
Chapter IV. 

Column 14, headed be, gives the level correction-constant for the position I.P.E. be is equal to 

c,-a. 

,, 15, headed b,, gives the corresponding correction-constant for the position I.P. W. b, is equal 
to M,-C,. 

As the collimation is not liable to vary, a mean of all the values of C, on any night is taken, and c, 
md c, are found by taking the difference between this mean and C,; but the level is not so stable a ~ i d  
therefore the same values of be and b, are not retained for the wl~ole of a night's observations. Hence two 
values per night are generally made use of, the first is the mean of the first two determinations and tile second 
io the mean of the last two. 
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TABLE I. ABSTBACT OF DETEBMINATIONS OF COLLIMATION AND LEVEL CORRBCTION-CONSTANTS. 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLUMATION AND LEVEL COBRECT'IOX-CONSTANTS. 
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PABLE I. ABSTRACT O F  DETERMINATION8 O F  COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 1 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLLlMATION AND LEVEL CORRECTION-CONSTANTS. 
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EXPLANATION OF TABLE II 

Deduction of Deviation Error from Star Obsemationr. 

The first six columns call for no remark. 

Column 7 shows whether the star was observed at upper or at lower culmination. U atanding for upper 
and L for lower. 

,, 8 gives the number of wires over which the time of the star's transit was observed. 

,, 9 contains the value of the deviation constant A, which is equal to m sec 8 sin 5;, where m L the 
value of 1 division of the micrometer head in seconds of time, air : O"039. The sign of 
A depends on those of sec 8 and sin c, where 6 is the star's declination, (180'-6) being used 
for stars observed at lower culmination, and c is the star's zenith distance, considered 
negative if north. 

,, 10 contains the observed time of transit taken from the chronographic record. 

,, 11 contaids the correction to the time of transit on account of diurnal aberration. This correction 
is equal to - 0.0207 x cosine latitude x secant declination. I t  is therefore negative for 
all stars at upper culminatioti and positive for all at lower. 

,, 12 contains the correction for collimation, this is obtained by multiplying c, or c,,, as the case may 
be, by m sec 6, using (180° - 6) for stars at lower culrni&tion. 

,, 13 contains the correction for level, obtained by multiplying be or b ,  as the case may be, by 
rn sec 6 cos t 6 aud c having the same meanings as before. 

,, 14 contains the clock error; this is a preliminary value obtained by taking the mean of the errors 
given by stars north and south of the zenith. If the numbers of stars at upper and lower 
culminations respectively be equal, a smali error in the adopted value of this quantity will 
not affect the final mean value of the deviation error. 

,, 15 contains the seconds of the corrected time of transit called T. This is the sum of the seconds 
in the five preceding columns. 

,, 16 contains the star's R.A. at the time of the observation. This is either taken from one of the 
Almanacs or brought up by computation from the Greenwich Catalogue for epoch 1880. 

,, 17 contains the difference T - R.A. 

,, 18 contains the deviation error a = - R'Am. I t  is to be noted that A contains the quantity m, A 
so that a is in terms of the micrometer divisions. 

" . 19 contains the mean of the values in column 18. Sometimes one general mean is taken and 
sometimes the night is divided into two parts. This depends on whether the values in column 
18 show any evidence of a change of position having taken place during the hours of work. 

The last column shows whether the telescope was pointing to the East or to the West of North. 
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FABLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 
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'X 

W 

- 0'23 W 
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TABLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 

" Shrla Name 
, 

A 

2 - 

2 CorrecLion for Deria- 

.5 - O C  

5 m sec 8 
o sin I 

2 
3 

3 - 
$ - " 

7 - 
'2.2 
E .$ 2 0  
2 %  

* 2 
a d 

5 2  
s-!! 
e'e4 
c 
.; g 
31 
2 

- 
N 

0 
z 
& 
3 U 

a - 
g 

- 
? 
4 - 
e 
': 
-I 

L 

L 

L 

U 

G 

U 

U 

L 

L 

z 
; 
3 
h 

L 

L 

L 

L 

U 

L 

L 

L 

P 
r = - 
5 

4 

3 
1 
b 

3 

5 

5 

5 

3 

-3 

j 

5 

3 

X 
0 
% 
w 

I .P.E.  

LP.  W. 

I .P .E.  

L P.E. 

I. P. W. 

I. P.B.  

I.P. W. 

I .P.  W. 

I. P. 6. 

5 

4 

5 

4 

4 

4 

4 

L P. W. 

+o.j158 

+0'12j4 

+o-1r.3416 

-0.1416 

-0.1416 

-0.3671 

-0.3672 

+o.1600 

+ o v ~ 1 4 8  

t 

- 
6 
Z 

J 
$ 
0 

2. 

+0.51+8 

ro.3158 

+0'1zj4 

+0'1a34 

-0.1416 

+o'1531 

+0'1184 

+om1184 

5' 
5 - 
m w 
0 
P1 

Qmom. 750 

Qmom. 848 

Qmom.848 

i U n r  Afin. 

i U n r  Mia. 

8 U n r  E n .  

8  U n r  Min. 

2SH.Camelop. 

Cephei61 
f 
a - 
2 - 

16 2 29.17 

16 33 37.80 

33 39-16 

16 5s 50.61 

16 5s 51.44 

18 IJ ~ 5 . 0 7  

18 IJ 28.10 

18 27 13-46 

18 SO 0.95 
(Her.) 

Cephei 61 
(Hey.) 

18 49 56.70 

16 2 37.27 

16 33 37-56 

16 33 36.81 

16 55 51.71 

17 4 8.09 

1 7  a4 36-19 

17 24 35-84 

Groom. 760 

Qmom. 840 

Groom. 848 

i U n r  Min. 

19 H.camelop. 

( h 0 m .  966 

amom. 966 

+ - I S  

+ '06 

+ '05 

-'09 

-:09 

- ' Z I  

-.a1 

+ ' o j  

+.a5 

I 

5 
2 
p 
e 
X n 
3 - - - 

t - 2 5  

+ - 1 5  

+'05 

+ '05 

-'09 

+ '07 

+ '05 

+ - 0 5  

I. P. 6. 

I.P.E. 

I .P.W. 

L P .  W. 

1.P. W. 

L z X .  

I. P. W, 

8 

- 1.41 

+ 0.4; 

- 0.4: 

+ 0'86 

- 0.86 

+ 1-96 

- 1-96 

+ 0.65 

- 2-38 

3.0 

0 - - 
3 

+ 2-38 

- 1-41 

- 0'47 

+ 0.47 

- 0.86 

+ 0.61 

- 0.45 

+ 0.45 

J 

+oS76 

+0.04 

+0'2t 

-0.54 

-o.ro 

- ~ ' I I  

-1.03 

+ o w r 7  

+am36 

+ I , I ~  

+ 1.18 

+o-36 

+o.28 

-0.72 

+oS3g 

'0.33 

+oe26 

b J  

+ I  I ' I P  

+ I  1'13 

+ I  1'1.3 

+ I  1-13 

+ I  1-13 

+ I  1-15 

+ I  1'15 

+ I  1-16 

+ I  1-16 

+ I  1.16 

+ I  2.17 

+ I  2-18 

+ I  1-18 

+ I  2-19 

+ I  2.10 

+ I 1 . 2 1  

+ I  2.zr 

29.7916 

39'49 

40'18 

51-96 

52.51 

25.86 

26-05 

15-61 

2-34 

1.64 

29.4616 

39.68 

39-79 

51.2316 

11'36 

h r  

3 3 2 . ~ 7  

16 34 41.31 

16 34 41-31 

16 56 50.40 

16 56 50'48 

18 6 11.54 

18 6 21-34 

18 28 17-51 

18 51 7-35 

18 51 7.35 

3 33-01 

16 34 41.4; 

16 34 41-47 

56 50.30 

17 5 13.50 

m a  

-0 2.78 

-0 1.81 

- D I ' I J  

+ o  1'50 

+ o  2.04 

+ o  4.51 

+ o  4-71 

-0 1'90 

-0 5.01 

-0 5-71 

-0 3.55 

-0 1'79 

-0 1.68 

+ o  1.93 

-0 2-14 

38'6.Jl7 2) 40'5J -0 1.90 

-0 1.72 

d 

- 8.80 

-14.7; 

- 9.16 

-10'59 

-14'41 

-12.31 

-12'83 

-11.87 

- 9'73 

38.81 

d 

' . 

-11.09 

-11'rq 

-14'51 

-13.61 

-13.63 

-13'98 

17 a5 4 0 . 5 ~  

-16.05 

-14'53 

-11'38 W 

-13'94 

C * 
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TABLE 11. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 

-a -3 
Correction for 

4 % ,Iawer Cul- 
A .  

a - .3 3 
= w ~uination) * - KA' 7 .- 

e - 1t.A. - a :B 

- 
3 

2 
3 

: x " 
'c 
a 
a - w - 

3 U 

- 
3 
T 
T 
a 
.z - 
5 

L ii 

0 
n 
h 
B * 
a 
* i 
m 
D 
Y:3 - - 
i . - 

I t  
1 = 

A 

g 

- r( 

i 
;4 

3 
$ - 
g 
a 
2 
% 

g 
c? 
7, - 
4 + 
a 
4 

5 

B Uraa, Min. 

47 H. Cephei 

y Scorpii 

48H.Cephei 

B.A.C. 6140 

47H.Cephai 

y Beorpii 

3 
s 
.A 
il s 
0 

--- 

1895 

4 

ca 

2 
a 
h 

I P. W 

I. P. W. 

I. P. IV. 

I. P. E. 

I. P. 6. 

1.2'. TP. 

L P. E". 

U 

L 

U 

L 

U 

L 

U 

33 
N 

3 
a 
b 

% 

8 

j 

15 

j 

2 

1 

10 

I. P. E. I 

I. P. E. 

I. P. W. 

L P. TP. 

I. P. W. 

I. P. A'. 

I. P. E. 

48H. Cephei 

B.A.C. 5140 

K Libra 

A Libra 

u Scorpii 

Gmom. 848 

Min. 

I h I  8 

3 
f - 

14 

I 

-.o:, 

+ '07 

- 'ol  

+ '06 

- '31 

+.o;  

- ' 0 1  

- 0 ' 0 ~ ~ ~ 1 1 ~  

+oa l549  

+ o . 0 4 ~ 6 ' r 4  

+0'1381 

-0 .556 

+0.154914 

+o~o41614  

L 

U 

U 

U 

U 

1, 

U 

50 11.81 

14 51 8'38 

57 3 ' 6 j  

15 6 1-83  

15 10 38'86 

51 1-76 

57 3'47 

8 

- o m r l  

+0 '31  

-0.06 

- 0 ' 1 7  

+ 

+0'31 

-0.06- 

4 

1 

9 

l o  

13 

5 

3 

c 

- 1.09 

+ 1 ' 0 7  

- 0.08 

+ 0.66 

- 4'49 

+ 1.04 

0.08 

m a  

+ O  54'52 

+ O  54-52 

+ o  54.51 

+ O  54'52 

+ o  54-52 

I 

+ O  54'68 

+054 '68  

+ o ' ~ a B a  

- 0 . ~ ~ 6 0 ' 1 ~  

+0.0389 

+o.o3g1 

+ o * o ~ I X  

+0'12j6 

-0.1464 

+ '06 

- ' 3 [  

- . O I  

- ' O I  

- ' O I  

+ ' o j  

- '09 

15 6 1-91 

l o  38-28 

15 35 z.05 

15 46 21T71 

16 13 56.82 

16 33 44.58 

16 5 j  58.00 

5'97 

. 4.35 

58-01 

56-80 

. 29-99 

3.8614 

58.0014 

-0.1; 

+ I ' ~ I  

-0.06- 

-0.06 

-0'06 

-0'1) 

+oe43  

a 

+ 0.67 

- 4.56 

O ' I I  

- 0.10 

- 0.07 

+ 0.49 

- 1-26 

h m r  

14 51 5'51 

14 51 5-19 

r4 57 68'17 

15 6 57.58 

+ o  54.6% 

+ O  54.68 

+ o  54.68 

+ o  54'68 

$054 '68  

+ o  54.68 

+ o  54-68 

n r  

+ o  0'45 
1 

-0 0.94 

-0 0 . ~ 5  

-0 0-78 

57-05 

29.5015 

56'55 

17-14 

51'3616 

39.56 

51.7616 

1 

- 7-85 

.- 6.07 

- 3-61 

- 5-64 
!, 

15 81 18-32 

51 5.40 

57 58.17 

d 

- 3-00 

- 9'94 

- 4 - 0 9  

+ o  1.67 

-0 1-54 

-0 0.17 

- 5'23 

b5 6 57-68> 

11 27.85 

b j  35 56.65 

15 47 17'zj  

54 51-55 

1 6  3 40.85 

I$ 51'02 

- 4 - 5 6  

- 3-97 

- 3-08 

- 0.77 

- 4-55 

- r o - a t  

- 5-05 

W 

-0 0.6.3 

+ O  1.65 

-0 0.11 

-0 0-03 

-0 0 -19  

-0 1-19 

+ o  0-74 

' 

' 4. 

4' i 

- 5-03 



A R C  P O T S D A M - G R E E N W I C H .  

TABLX 1'1. DEDUCTION OF DEVIATION ERROR, a, PPOM STAR OB~EIQVB'&ON~. 

5 

t 

I 

: -  
B - 
'4 
g 

2 w a 
m 
a - 
3 

5 
r 3  
k c  

5. 
t c * 1  
2 8  

35 - - - -  
.3* 
" c  
+ a ?  

1 

S 
- a 
$ 
g 
2 

4 

1896 

- 
e 
e n  
G.0 
5.2 
* a  %a 

I. P. W. 

I.P. IP. 

A -4 

d 
2 

s. 
", 
4 
3 
cd 
4 m 
cd 
D 
"I 

: z  
C 
Fc 
Gk 

2 
a- 

Z 
s 
3 
I: 
0 

I. P-TP. 

I. P. W. 

I. P. W. 

I . P . E .  

I. P.EZ 

I. P. JV. 

I. P. W. 

. 
T. P. 3. 

I. P. E. 

I. P . E  

I. P. E. 

I. P.  TP. 

I. P. E. 

I. P. W. 

I. P .  X. 

I. P. E. 

t 
t- N 

a 

a 
b 

a 
2 
3 - 

k - 

: 
:' - 
0 
- 0 .  

A 

y 
5 
-E 
z .  - 
4 

2 2 .  
4 

w 
3 
3 
m ,  
6 
2 
P 

0 

5 - & 

.- O 

! 
f 
3 
2 - 
3 

I ,  

l o  30.97,--31 

15 46 21-62 

ts 5 3  14-79 

16 2 33.01 

33 44.3; 

:6 56 

c.7 14 4b.38 

t4 50 m.03 

51 8.36 

15 6 

15 10 33-15 

t j  36 0.74 

15 to 35.71 

t.j 35 0.28 

16 aa 4.73 

16 33 43-94 

' 

0 
' . .- 
2 

Devia- 
Omn 

Constant 

2 

$ 3 

2 

V. Scorpii 

48H.Cephei 

4B.A.C. &I40 

A Lib= 
1 

Scorpii 

Ctroom.760 

Ctroom.848 

c Umes Min. 

8 Oplliuchir 

f 

B.Ur8eF#i& 

47H.Cophei 

; : S W . ~  

h m  r  

14 57 2-33 

15 6 0.61 

Observed 
~ i m e o f  
Tnrnsit 

15 BI 1 5 - 7 5  

15 47 17-27 

15 54 10.50,  

16 j 31-18 

16 34 41.18 

16 56 50.64 

1 7  '5 37.095 

14 5.03 

14  52 C a o '  

1 j  6 j8.36 

15 1.1 24.91 

15 35 56.66 

~j 1.1 23.96 

15 35 56.65 

16 23 1.36 

16 34; 41.'4; 

+o-0416 

+0'1@2 

-0-55601j 

+0'0391 

d 
z 

I U 

U 
1 

+ O  0.53 

> 
-0 0.01 

-0 0.07 

-0 2-39 

-0 w ; ~  

+ o  0-02 

-0 0.06 

+ O  o'& 

-0 1.26 

-0 0.52 

+ O  0.98 

-0 0'06 

, 

+ O  4'25 

, -0 0'07 

-0 0'13 

-0 0.74 

- . O I  

- ' O I  

I 
+ -16  

+ '05  

58-08.-.09 

- - 0 1  

- .OS 

+ .oi  

1 - ~ 6 ' + . 0 6  

-.31 

- - 0 1  

I 
- - 3 1  

- -01 

-.or 

+ * 0 5  

U 

L 

2 

I j  

gBH.Cephei 

B.A.C: 5140 

K Libra 

B.A.C; 5140 

s Libra 

a Scorpii 

Groom. 848, 

t 

- 3-41, 

- 4'-57 

- 4.60 

- 0.95 

- O ' S L  

:- r ' ; ~  

- 7.09 

- 5-97 

- 5.60 

- I.'* 

i 

'r 7.68 

- 8.13 

- 3-78 

- 1.g6 

- 1-54 

- 7.64 

- 1.'80 

- 3'07 

r 5-89 

-1.41 

-0.06- 

.-0'06 

-0.71 

-0.24 

-0'43 

'-0.06 

++O‘ZZ 

- 0 . ~ 1  

-0.2; 

+ 1'41 

-0.06 

+1*41 

-0-06 

+oe06 

-0q24  

.? : 
2 s  

r  

- ' O I  

- 6.77, 

0.10 

- o 'og ,  

+ 1.62 

+ 0.45 

- 1'90 

- 0.08 

- 0'78 

+ 0.7; 

+ 0.64 

- 4-41 

- 0.12 

- 5-10 

- 0.13 

- 0'05 

+ 0.48 

j 

! U 

L 

L 

U 

, U 

i 

! 

, U 

L. 

i 

t 

lo  

2 

to 

lo  

L 

U 

U 

I 

U 

U 

I 
U 

L 

c o, 
8 
m, 0 :- 

57'97 

W 

I V  

'iV 

n 

= 
4 6  

r  

-0.06 

a 4  

5 

- 0.09 

+0'1382 

-0.5560 

+oSo389 

< 

-0'5560 

+o.o389 

+o-042.3 

~ni~iation) 
, H.A. 

h m r  

14 57 j8.15, 

- I  
d . S  
e e  

Y , 
G 

r , m r  

+ o  j5.80 

+o55 '80  

+055.80 

+ O  55.80 

+055 .80  

+a55 '80  

+ o  55'80 

+ O  55.80 

i 

1 

+ O  56roj 

' t o  ~ 6 . 0 j  

+ O  j6 ' 0 j  

+0,j6*05 

+o. j6 .05  

+ o  56.50 

+ o  5 6 . j ~  

+0~56 '50  

+O 5650-  

3 

3 

4 

5 

I j 

. 6  

15 6 58'-17 

; O E  3 

4 2 

-a+ 
a 

5 . i  

-0 0.44 

- 

m r  

-0 0.18 

.I 
3 
.5 

* 
4~ 
.$g  

Correction 

.2 

. 16.28 

17'25 

, ro.43 

29.89 

40.43 

5a.46 

,37'0.3 

. 5'47 

4-94 

jq.84 

q . 8 9  

56.60 

1 

a8.11 

56-58 

1-23 

'40'73 

+o~*o403 

f0.3232 

+0-125616 
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PABEE II .  DEDUCTIOM OF E'ESIblllON EIROEl, a, FROM STAR OBSERVATIONS. 
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TABLE II. DEDUC!I!ION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 
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EXPLANATION OF TABLE III. 

Direct Comparison of Clocks. 

The first four columns call for no remark. 

Column 5 contains the time by the Potsdam clock of the,  middle of the period during which signals were 
being sent or received. 

,, 6 contains the time by the Greenwich clock of the same instant. 

,, 7 contains the difference between the clocks as read off the chronographic record. 

,, 8 gives the mean, to the nearest whole second, of the times given in column 5. 

,, 9 gives the mean of those in column 6. 

,, 10 contains the mean of two corresponding differences in column 7, and is the difference between 
the clocks, freed from the effects of retardation, at the epoch given, in terms of the two clocks 
respectively, in columns 8 and 9. 

,, 11 contains the deduced relative hourly rate of the clocks. I t  is obtained as follows :- 

The change in the difference between the clocks between two consecutive comparisons is divided by 
the interval between the comparisons, expressed in hours, and the result is the rate during the interval. Then 
the mean of two consecutive rates is taken and considered to be the rate at the epoch of the intervening 
comparison, opposite which i t  is accordingly entered. I t  will be seen that by this method the same weight 
is given to a rate deduced from two comparisons on the same night, as to one deduced from the last compari- 
son on one night and the first on the next. If the interval between the comparisons be small the deduced 
rate will be seriously affected by any errors in the observed differences between the clocks; on the other hand, 
when the interval is from one night to the next there is a probability of a variation in the rate. Hence i t  
appears that each method has its own disadvantages and that consequently the adoption of equal weighb in 
justifiable. 
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TABLE 111. DIRECT COMPARISON O F  CLOCKS. 
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16 45 9.000 

16 50 55.003 

18 a1 a~ .ooo  

18 a9 4'990 

15 39 21-ooo 

15 45 11.614 

15 9 17.000 
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16 10 14.000 
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16 19 3.010 
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- -006 
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- 0.013 
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Z'dBLB III. DIRECT COMPABIBON OF CLOCKS. 
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TABLE III. DIRECT COMPARISON O F  CLOCKS. 

Relative 
Hourly 

Clock Bate 
at  

Epoch" 
Tg arid lqW 
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- o'olz 
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'014 
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- 0.009 
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Potsdam 

Greenwich 

Potadam 

Greenwich 

Potsdam 

Greenwich 

Potsdam 

Greenwich 

Potadam 

Greenwich 

Greenwich 

Potadam 

Greenwich 

Potadam 

Potadam 

Greenwich 

Potadam 

Greenwich 
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a" - 
.$ z e 
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1895 

July 19 

,, 20 

,, 21 

,, 23 

24 

,, 25 

Time of 
Cou~pnrlaon 

by 
Potudnu Clock 

A m  r 

16 56 6.796 

17 7 57'080 

18 35 6.780 

18 40 5.070 

19 55 6.750 

20 11 5'070 

17 7 6.400 

17 12 4.000 

17 4 2.995 

17 12 5.000 

19 10 2.995 

19 15 7:ooo 

17 11 5'50.3 

17 14 57'985 

18 1 %  5'689 

18 16 3.950 

19 25 3.000 

19 29 5.680 

17 ro 3.615 

17 14 5.313 

1 7 17 58 o w  

17 25 3.202 

1 7  32 58'462 

17 37 1.765 
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Greenwich 

Potadam 

Greenwich 

Potadam 

Greenwich 

Potadam 

Greenwich 

Potadam 

Greenwicli 

Potsdam 

Greeilwich 

Potadam 

Greenwich 

Potadam 

Greenwich 

Potadam 

Potadam 

Greenwich 

Potadsm 

Greenwich 

Greenwich 

Potsdam 

Greenwich 

Potadam 

. 
C0rre8ponding 

'l'1111e 
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Clock 

A m  r 

16 4 4.000 

16 15 54'boo 

1 7  43 4.000 

17 48 z'ooo 

19 3 4-000 
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16 15 4.000 

16 20 1-300 
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16 2 0  2.698 

18 18 1.000 
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16 19 4.000 
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17 20 4.000 
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18 33 1.024 
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16 40 58'000 
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between the 

Clocks at  
Epocl~s 

Tg and Tpp - D 

h m  8 '  

o ,  52 2.938 

a'925 

2.910 

o 52 2.550 

o 52 a.149 

2'144 

o 52 1.844 

1.820 

I '828 

o 52 1.464 

o 52 1,055 

o 52 0.614 

Observed 
Diff erer~ce 

between the 
Clock0 

h m  8 

o 52 2.796 

3.080 

2.780 

3'070 

2'7j0 

3'070 

o 52 2.400 

1.700 

o 52 1.995 

2'302 

1 '995 

2-292 

o 52 1.703 

1.985 

1 -689 

1.950 

I .9;6 

1.680 

o 52 1.615 

1.313 

o -52  0.908 

1.202 

o 52 0.462 

0.765 

Mean Time of 

E Clock - TE 
h m  r 

17 a a 

18 37 36 

20 3 6 

17 9 35 

17 8 4 

19 12 35 

17 13 z 

18 14 5 

19 27 4 

17 12  4 

17 21 31 

17 35 I 

Cornpariso~~ 

by 
W Clock - TW 

h  

16 9 59 

17 45 33 

19 11 3 

16 17 33 

16 16 a 

18 2 0  33 

16 11 o 

17 '22 3 

18 35 3 

16 20 3 

16 29 30 

16 43 o 
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EXPLANATION OF TABLE W. 

Transits of Clock Stars  and Deductiolz of the Clock Colrection. 

The heading contains the name of the arc, and indicates the station the observations at  which are to 
bc found below, giving a t  the same time the latitude of the station, the name of the observer and the 
telescope used. 

Column 1 contains the astronomical date. 

,, 2 contains the star's name, or number in  the Greenwich Catalogue for 1880. 

,, 3 contains the star's declination and when south i t  is indicated by a minns sign. This being givcn, 
and also tl:e latitudc of the station, it is possible to compute all the corrections to  the 
obscrved time of transit without reference to angthing beyond the fo rego i~~g  tables. 

,, 4 contains the star's aspect, that is, i t  shcws wlletlier t l ~ c  star at  culmination was north or south of 
thc zcnitli of tlie station. I t  is convcnielit to give this infoenintion as i t  renders i t  easy to 
see whethcr the deviation correction has beeu entercd with the proper sign. 

,, 5, 6 & 7 explain themselves. 

,, 8, 9 8 11 contain rcspectively the corrections for collimation, level and diurnal :herration. These 
corrcctiolls arc conlputed in  precisely the same mauner as those iu Table 11. 

,, 10 contains tlie deviation correction. To form this the appropriate value of a is take11 from Table 
I1 a i d  multiplicci 1)p nz sec 6 sin r. I t  is to be noted that the quantity a giveu i n  Tal~le I1 is 
an error, not a corrcction, so that when forming tlie correction a A the sigu must be changed. 

,, 12 contains the corrected time of transit = T. This is tlie algebraic sum of the five preceding 
columns. 

,, 13 contains the star's R.A. brought up from the Almanac or Catalogue to the epoch of the 
observation. 

,, 14 contains the difference between the two preceding columns with the sign appropriate to a 
correction. 

,, 15 contains tlie mean value of the cloclc corrcction by stars observed in the same instrumental posi- 
tion. In colum~i 7 the mc;tn of the observed tirrlcs of transit of groups is taken out, and is 
the cpoch of tlie menu clock correction in column 10. 

,, 16 & 17 contain the daily mcan of the two instl.umenta1 positions, and the epoch to  whichit 
corresponds. If there are two groups, one I . P . E .  and one I.P.W., the mean of the two 
clock corrections is talten as corresponding to the mean of the two epochs; but if there are 
tllrce groups, as on December 9th, one I.P.W., one I .P .E .  and again O I I C  I.P.MJ., the xl~eau 
of the two valucs I.P.lV. is talien for the rncan of their epochs, m d  then this mean value and 
epoch are combined with the I .P.E. value and epoch to obtaiu the quantities to be entered iu 
these columns. 
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TABLE 1°K TnANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTICYN. 

I 

TEAKSITS AT POTSDAM (E), Lat. 5r 23', nY LEXOX CONPSGHAM WITH TELLSCOPE NO. 2. 

- 
0 .- 
E @J 

8 2 
2 a - 
4 

Correction for Clock Correction 

2 - ' -EA. Instrn- - T 
u" 

; 
.: m 

2 - 
.Y 

= 
- I S %  

m 
4 

Star 

Nome 

1895 

June  2L 

,, 22 

2 
k m 

a m  

$ 

6 
z 

Declins- 
tion 

8 

-0 .13  

-0.10 

-0'15 

- 0 . 2 2  

+omit 

+o.14 

+0.12 

+o. I :  

+ O ' I I  

-0.19 

-0 .11  

-0.11 

- 0 - 1 2  

- 0 . 2 0  

-0 .11 

-0'1.3 

- 0 - 1 0  

-0.15 

- 0 . 1 1  

- 0 . 2 2  

- 0 . 1 1  

-0 .11  

Observed 

Tune of 

Tmneit 

d Corona 

Ophiuchi 

7 Herculm 

7 Dmconis 

2576 Gr.80 

a Hcrculia 

Hcrculis 

Hurculia 

2615 Gr. 80 

Groom. 2377 

2623 Gr.80 

2640 ,, 

e Coronce 

0 Iln~conis 

2521 Gr. 80 

d Coronm 

r Ophlucki 

7 IKerculia 

y Hcrculis 

I] Draconiq 

B IIerculia 

2576 Gr. 80 

O 

8 

+o'o;  

+O.OJ  

+0'09 

+ 0 ' 1 3  

t 0 . 0 4  

+o-06  

+o.o5 

to .06  

+ 0.03 

+ o ' l r  

+ o  0 1  

+ O . O ~  

-0'0.1 

-0.0; 

-0.0.3 

-0'0.4 

- 0 . 0 2  

-0.05 

-0.0.3 

-0.0; 

-0.03 

-0.0.3 

* 

0 ,  

34 7 

- 4 26 

46 34 

61 45 

?Lean 

11 4; 

48 39 

31. 47 

39 7 

8 47 

Mean 

56 58 

7 26 

18 36 

Mean 

27 11 

58 51 

16 56 

34 7 

- 4 26 

46 34 

19 24 

61 45 

21 43 

11 43 

Mean 

8 

+ 0'19 

+ 0.42 

+ 0'07 

- 0 . 1 7  

+ 0.33 

+ 0 . 1 2  

+ 0 .21  

+ 0'15 

+ 0 '3 j  

- 0.0; 

+ o -36 

+ 0.29 

+ 0'2.3 

- 0.10 

+ 0.29 

+ 0 . 1 8  

+ 0-40 

+ 0.0; 

+ 0.2; 

- 0.16 

u 0.26 

+ 

8 

-0.01 

-0 .01  

- 0 . 0 2  

-0.03 

-0 .01  

- 0 . 0 2  

-0.01 

- 0 . 0 2  

-0.01 

-0 .02  

-0.01 

-0.01 

-0'01 

- 0 ' 0 2  

-0 .01  

- 0 . 0 1  

- 0 - 0 1  

- 0 . 0 2  

-0 .01 

-0.0.; 

- 0 . 0 1  

o .3z,-o-o1 

S 

' 8 

8 

N 

S 

S 

8 

S 

8 

N 

S 

S 

S 

N 

f3 

S 

8 

S 

8 

N 

S 

8 

.z 

15 

1 2  

1.3 

15 

12  

1 2  

14 

14 

10 

8 

1 2  

14 

14 

1 2  
1 

7 

t i  

15 

5 

1 2  

13 

11 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

'(V 

W 

. . . . . . . .  

W 

W 

IF 

W 

W 

IT  

W 

W 

R 

W 

......... 

h n s  s 

16 9 51.04 

16 11 52.24 

16 15 41.40 

16 2 1  40.83 

16 26 47'62 

16 29 49-28 

16 36 25.81 

16 38 23.98 

16 39 53.65 

16 42 24.;6 

1644  19.;4 

16 49 51 . j 1  

1 j  j z  19.85 

I 5 j9 1-24 

16 5 49.02 

16 g 50.35 

16 I I  51 46 

16 15 4o';1 

16 16 za.76 

16 zr 40.1; 

16 2447'78 

16 26 46.95 

16 g 50.92 

16 11 51-90 

16 15 41.41 

16 21 41.12 

I 6 I 4 46 

16 2647 '1 j  

16 29 48 98 

16 36 25.44 

1 6 3 8  23'66 

16 39 53.17 

16 34 16 

16 42 14-93 

16 44 19'46 

16 49 51.29 

16 43 32 

I j 52 19'79 

15 59 1.63 

16  5 48 88 

16 9 50.35 

16 1 1  j1.19 

16 15 40.86 

16 16 22.64 

16 21 40.6j 

162447.67 

16 26 46.78 

I 6 1 2 25 

h m  s 

16 1047.19  

16 1 2  48.81 

16 1637.97 

16 2237.63 

16 27 44.25 

16 30 46.03 

16 37 22.56 

16 39 20.71 

16 40 50.26 

16 43 21.68 

16 45 16 33 

16 50 48.13 

15 5,; 17.21 

15 j9 58.75 

16 6 46'2j  

16 ro 47.49 

16 1 2  48.82 

16 16 37.9: 

16 I ;  20.08 

16 22  37.61 

16 254 j ' 15  

16 27 44 ' z j  

at 8 

+ o  56'45 

+ O  56.57 

+ O  56. j ;  

+ O  56-80 

+ O  56.6.3 

+ o  56 75 

+ O  56.75 

+ o  56.73 

o 56.61 

+ o  56.92 

+ O  5f3.51) 

+ o  j6.62 

+ O  57'36 

+ o 57.51 

+ o  57'2.; 

+ O  57'14 

+ o  57.36 

+ o  j j .26  

+ O  57'31 

+ o  57.44 

+ O  57'3; 

+ O  57-30 

m 8 

+ o  j 6 . 6 ~ ~  

m 8 

+ o  56'598 

+ O  56.694 

+ o  56.710 

T O  57'320 

h m s  

16 32 13 
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TABLE IP. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

WITH T P L ~ C O P E  

Right 
h e n a i o n  - K.A. 

h m  J 

163046 '01  

16 37 11'55 

16 39 10-71 

17 16 46.68 

17 19 45'78 

17 11 1 1 . 1 2  

17 1.3 .31'36 

17 26 32'54 

17 18 6.66 

17 30 6.52 

17 33 14'.3i 

17 36 33.01 

18  a 25.11 

18 3 19.62 

18 36 34'65 

18 41 11..36 

18 46 14'95 

18 49 41.00 

19 o 37.85 

19 118.47  

19 j 54'23 

19 7 1.06 

19 8 17.94 

Epocir 

.. T~ 

h r ~  

16 46 4 

57 59 

CONYAQHAM 

Time of 
Trullait 
,T 

h m  r 

16 -36 15'17 

16 38 13.13 

17 15 49.18 

I ;  18 48'37 

17 ro  23.84 

17 l a  33.85 

17 zg 35-10 

17 17 9'18 

17 19 9.15 

17 32 16.97 

17 35 35.46 

18 I 27-87 

18  332.12 

18 j5  37'28 

18 40 14.00 

18 45 17'51 

18 q8 44'49 

18 59 40.45 

19 I 11.05 

19 a 56.86 

19 6 4 -71  

19 7 30.60 

P 

- e ." 
g 2 
; 3 
d 

Q 

1895 

June 22 

NO. 2. 

By* each 
b h r  - 

LA. -, 
m r  

+057 '42  

+ O  57'38 

t o  55'48 

+ O  5 7 ' 4 ~  

+ O  57.41 

+O 57.38 

+ O  57.48 

+O 57'41 

+ O  5 7 ' 6  

+ O  57'3; 

+ o  57'35 

t o  57'51' 

+ O  57'34 

t o  57'40 

+O 57'37 

+ o  57'31. 

+O 57'44 

+O 57'51 

+ O  57.40 

+ O  57.42 

+ O  57'3; 

+ o  51-35 

+ O  57.34 

Clock Mean Corrrc~.ion Iny 

Inatnl- 
nlelltal 

,,,k 
r r  

+O 57.421 

+O 57'420 

+O 57.397 

+O 57.345 

T ~ ~ h . 8 1 ~ 8  AT 

.- Eg 
-3 .- 

- 
- 

4 Z k  - - 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . .  

W 

W 

W 

w 

. . . . . . . .  

E 

E 

E 

. . P  

W 

W 

. . . . . . . .  

1)sily 
Mean of 

111str11- 

;ay;;;!B 

J  

+ O  5 7 . 3 ; ~  

+ O  57'39018 

$ a 

S 

S 

8 

8 

S 

8 

9 

8 

8 

S 

Y 

8 

8 

S 

8 

Y 

8 

N 

6 

8 

8 

... 

S 

8 

titar 

Name 

u Rerculia 

C Eierculia 

7 Herculie 

u Herculis 

2729 Gr. 80 

u 0pt1111clli 

2745 Gr. 80 

2762 ,, 
6 Dmconia 

a O p l ~ ~ u c l ~ i  

2775 Gr. 80 

I Lie~cl~lis  

72 O p l ~ i ~ ~ c h i  

o Herculis 

2988 Or. 80 

110 Herculia 

6 Lyre, 

0 l)ra~oUil 

IAquilm , 

3wJ2 Gr.80  

3101 ,, 

3107 Or.80 

3113 ,, 

POTSOAM 

; 
L. a, g 
.- 
5 

0 
6 

15 

1.3 

1 1  

1) 

I I  

14 

I Z  

9 

9 

13 

I j 

1 2  

4 

lo 

18 

lo 

9 

13 

15 

13 

13 

... 

2 1  

l a  

1)eclina- 

0 I 

41.39 

31 47 

39 7 

32 36 

13 4 

4 14 

o rg 

16 1 2  

$2 1. 

11 38 

24 2 2  

46 4 

9 3.3 

28 4 j  

M0 l~ l  

- 9 9 

l o  17 

33 14 

59 16 

Mean 

13 42 

a4 5 

5 5) 

Lleer~ 

- 8 7 

1 7 

Mean 

(E), Lot. 6.2'' 23', BY LENOY 

5 .- a 2  
4 

J 

0 ' 1 1 - 0 . 0 ~ 1 6 n g q 8 ' 6 o  

-0.01 

- 0 . 0 2  

-0.01 

- 0 . 0 1  

- 0 . 0 1  

+ o . o ~  

-0.01 

- 0 . 0 2  

-0.01 

- 0 . 0 1  

- 0 . 0 2  

- 0 - 0 1  

-0.01 

-0.01 

-0.01 

-0 .01  

- 0 . 0 2  

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

v- .- * 

s 

+ 
+ o'zo 

+ 0.14 

+ 0.19 

t 0.15 

+ o'.~.i 

+ 0.3; 

+ 0.2; 

0.00 

+ 0-31  

c 0 . 1 4  

+ 0.08 

+ 0.33 

+ 0 . 2 2  

+ 0'41 

+ 0.2; 

+ 0 ' 1 9  

- 0.1  I 

+ 0'31 

+ 0.25 

+ o . , ~ ?  

t 0.42 

+ 0.37 

c 

+ O . I ~ - O - I I  

-0.09 

-0.10 

-0.09 

-0.08 

-0.05 

-0.05 

-0.08 

-0.13 

-0-06 

-0.08 

- 0 . 1 2  

-0.08 

- 0 . 1 2  

- 0 ' 0 4  

-0 0; 

-0'09 

-0.16 

I 

- 0 . 0 ~  

-0.11 

-o'oP 

- 0 . 0 4  

-0.10-0.05 

Observed 

Tillre of 

Tramit ,- - 

h m  J 

161948.48  

16 36 14.95 

16 38 r j .08 

17 15 49-07 

17 18 q8.10 

17 l o  13.45 

1 7  11 33.47 

17 z j  34.84 

1 7  17 9.16 

1 7  19 8.80 

17 31 16 .71  

15 35 35.37 

1 8  I 17.52 

18 2 g1.01 

17 194.3 

18 35 37.02 

18  40  13.92 

18 45 17.54 

18  48 44.98 

18 42 a8 

18  jg 40. r.3 

l 9  zO.gl 

19 2 56.50 

19 I 19 

,9 6 4 .q j  

19 7 30.39 

19 6 47 

& 

6 

+0'12 

+ o ' I ~  

f 0 . 1 2  

+ O . I I  

+ o a r o  

+ O . I O  

+ O . I  2 

+ o . ~ i  

+ O . I I  

+ O . I  I 

+0.1; 

+ O ' I I  

t o . 1 2  

-0'1 I 

-0.11 

- 0 ' 1 1  

- 0 ' 2 0  

+ O ' I I  

-0.11 

+ O ' I O  

- 0 . 1 1  
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PABLE TV: TRANSITS OF CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

AT 

a 
2 
'E 

- e + 

- 4 < %  

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

. . . . . . . . .  

POTSDAM 

B e 
O 

d 
'6 

13 

1 2  

rr 

14 

14 

13 

4 

14 

rq 

15 

I j  

ro 

13 

rq 

14 

14 

l o  

14 

- 
U .- 

g 2 
g 4 
-3 

4 

l k ~ ~ s r m  

, 

Mean 

Epocl~ 

T~ 

h m r  

r rs 

16 48 36 

(E), 

Observed 

Time of 

h m  r  

15 26 11.82 

15 51 16.80 

I j 58 58.02 

15 4 j  49 

16 9 47'49 

16 11 48-70 

16 15 37-90 

16 16 2 0 . 0 2  

r6 29 45-86 

I 6 16 40 

16 36 22.09 

16 38 20.16 

16  39 49.98 

16  42 20'95 

1644 16-03 

16 46 20.60 

16 41 15 

16 49 48.05 

r6 51 44.65 

16 58 46.89 

r 7  3 23'98 

1 6 5 5 5 6  

1895 

June 27 

COXYNGHAM 

Corrected 
Time of 
Transit 
=T 

m 8 

15 26 12.00 

15 52 16.9j 

15 58 58.29 

16 9 47-42 

16 rr 48'61 

16 15 37.80 

16 16 19.96 

16 29 45-77 

16 36 ~ 2 . 2 5  

16 -38 20.42 

16 39 50.12 

16  42 2 1  

16.44 16-17 

16 46 20.75 

16 49 47.99 

16 51 44.58 

16 58 46.80 

17 3 13.89 

: 
2 

8 

H 

N 

s 

S 

S 

8 

5 

S 

8 

S 

N 

S 

S 

6 

6 

8 

8 

Star 

N.me 

r/ Boatis 

e Colon= 

0 Drnaonh 

d Coronm 

E Opiuchi 

r Herculir 

-y Herculis 

a Hezculir 

{ Hereulir 

7 Herrulis 

2615 Gr. 80 

Groom. 2377 

2623 Qr.80  

49 Herculh I 

2640 Gr.80 

K Ophinchi 

2664 Gr. 80 

268a ,, 

WITH T E L E ~ C O P ~  

Right 

Ascension 

-B.A. 

h  

15 27 rz.32 

15 53 17.19 

15 59 58.66 

16 ro 47'47 

16 r r  48'8.3 

16 1637'93 

16 17 20.07 

16 30 46.00 

16 37 12-54 

16 39 20.70 

16 4050.2; 

16 43 21.62 

1645 16.34 

16 47 20.91 

16 5048'14 

16 51 44'76 

16  59 46.97 

17 4 24'21 

Lat.  5 2  23, BY LENOX 

Deelina. 
tkn 

0 I 

41 11 

27 rr 

58 51 

Idem 

34 7 

- 4 26 

46 34 

19 14 

42 39 

Mean 

31 47 

39 7 

8 47 

56 58 

7 26 

15 9 

Mean 

18 36 

9 -31 

35 34 

40 39 

Mean 

No. 2. 

eat" 

sbr - 
R.A.-T 

r  

+ I  0.32 

+ I 0-24 

+ r 0.37 

+ I  0.0.; 

+ r 0 . 2 2  

t~ 0.13 

+ I  0 . 1 1  

+ I  0.23 

+ I  O ' Z ~  

+ I  0.28 

+ I  0.15 

+ r 0.42 

+ I  0.17 

t I 0.16 

+ I  0'15 

+ I 0'18 

+ I  0'17 

+ I 0.32 

K 

g 
$ 3  
6 

r  

t o . 1 ;  

+ o ' 14  

+o.zg 

-0.15 

-0-1.3 

-0.19 

-0.1.3 

-0.1; 

+ o ' I ~  

+o.16 

+o .13  

+ 0.2.3 

+om13 

+0.13 

-0'1.3 

-0'1.3 

-0.16 

-0.17 

Correction 

- 
2 

# 

+0°03 

+o.oz 

+o 'oq  

+ o . q  

+O'OJ 

+ o . r l  

+o .o ;  

+ o . l o  

+o .oz  

+o.02 

+ O ' O I  

+O'OJ 

+ o . o ~  

+o.oz 

t 0 . 0 ;  

+0.06 

+o .o9  

+ o . l o  

Clock Correction 

Bfenn by 
in 

1 ~ , ~ ~ ~ ~ -  
mental 

Position in 
each Group 

m  l 

+ r 0.310 

+ I  0.148 

+ I  o'a45 

t r 0.205 

for 

8 .- 
4 

,- a 
c 

r  

0.00 

0.00 

0.00 

+ 0.01 

0.00 

+ 0.01 

0.00 

0.00 

0.00 

+ 0.01 

0.00 

+ 0 .01  

+ 0.01 

+ 0.01 

+ 0.01 

0.00 

o - w  

Mean of 
the two 
Inatru- 
"lenta' 

Po'itions 

8 

+ I  0'229.16 

. 

+ r o'zzg 

K - 0  

a .3  
E : !  
aa  

4 

8 

0 . 0 0 - 0 . 0 2  

- 0 . 0 1  

- 0 ' 0 2  

-0 .01 

-0301 

- 0 . 0 2  

-0 .01 

- 0 . 0 2  

-0.01 

- 0 . 0 2  

-0.01 

- 0 . 0 2  

-0 .01 

-0.01 

-0.01 

-0.01 

-0.02 

- 0 . 0 2  



A R C  P O T S D A M - G R E E N W I C H .  

TABLE IT !CRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK COBRE(ZTI0N. 

b 

AT 

.2 

.- 

2 
2 - 
% 
f 

1 E %  - 
c" - 
E 

E 

% 

E 

E 

E 

E 

. . . . . . . . .  

W 

\T 

IV 

W 

rn 
'8 

rn 

. . . . . . . . .  

E 

E 

E 

. . . . . . . . .  

E 

E 

E 

. . . . . . . . .  

'IBANEIT~ 

Mmn 

Epoch 

T~ 

b a a  

18 28 51 

IC 

C - Q  
g - 
0 

5 - 
g 
$ 

d 
2 

lo  

la 

1 2  

1 2  

la  

13 

1 2  

1.3 

1 2  

14 

11 

1 1  

1 )  

11 

14 

14 

14 

lo  

12 

14 

4 

0 .- 

q 2 

0 tar 

COSYXQHAM 

Corrected 
Time of 
Transit - T 

h m r  

17 43 36.31 

17 50 45'55 

1.1 53 12.63 

1 7  54 26.00 

17 56 56.40 

18 115 '01  

a 19.37 

18 14 55.50 

18  16 48.57 

18 18 16.01. 

18 ar 15.33 

18 41 19'56 

18 45 1 j . 7 ~  

18 48 41.76 

18 59 37.67 

19 I 18.2; 

19 154 '01  

16 5 45'01 

16 946.42 

16 11 47.63 

WITH TJILLBCOPE 

Bight 

*sceneion 

9 B . d  

h m ~  

17 44 36.59 

17 51 46'09 

17 54 13.03 

17 55 26-31 

17 57 56'64 

18  125.26 

18 3 19.66 

18 15 55.68 

18 17 48.83 

18 19 16.31 

18 a1 25-63 

18 4.3 29.76 

18 46 15.01 

18 49 42-05 

19 037.92 

19 a 18.54 

19 3 54-31 

16 6 46-24 

16 1047.46 

16 1 2  0 . 8 3  

POTSDAM (E), 

Obaerved 

Time of 

h n s i t  

h m  J 

17 43 36.20 

17 50 45'38 

17 53 12.49 

17 54 25.89 

17 56 56-19 

18 I 24.90 

18 a 29.25 

I 7 54 41 

18 14 55-61 

18 16 48.69 

18 18 16.1.3 

18 11 25.53 

18 42 29-69 

18 45 14.84 

18 48 41-96 

18 2941 

18 59 37.56 

19 1 18-16 

19 253.96 

19 I I 7 

16 5 qj.71 

16 9 46.22 

16 11 47.10 

16 g 6 

X 
k 

8 

N 

S 

S 

R 

8 

8 

( 9  

9 

S 

N 

S 

9 

N 

9 

9 

8 

Y 

s 

S 

Declina- 
tion 

0 ,  

25 40 

56 53 

51 30 

a 56 

a0 50 

9 33 

18 45 

Mean 

- 1 56 

a3 14 

21 43 

58 ~1 

-ao a7 

33 14 

59 16 

Mean 

13 42 

a4 5 

5 54 

Mean 

16 56 

34 7 

- 4 26 

Mean' 

I 

NO. 8. Lot. S P  BY LENOX 

Correction for 

1895 

June27 

June29 

eaC1l 

8br - 
R.A. -1' 

m r  

+ I  0.28 

+ I 0'54 

+ r 0'40 

+ I  0.31 

+ I  0'14 

+ I  0.15 

+ I  0.29 

+ I  0.18 

+ I  0.26 

+ I  o.30 

+ I  0'30 

+ I  0 . 2 0  

+ I  0.19 

t x o'ag 

+ I  0'25 

+ I  0'27 

+ I  0.24 

+ I  1 - 1 2  

t 1 1-04 

+ I  I - ao  

2814 Or. 80 

E Draoonia 

y Draco~lis 

67 Opl~iuchi 

2859 Gr. 80 

72 Ophiuchi 

o Herculia 

7 Serpentis 

2929 Qr. 80 

109 Hero& 

b Draooni 

3016 or. 80 

S' LJT 

o Dncouio 

{ Aquilm 

3092 Or. 80 

3101 ,, 

2521 Qr. 80 

d Coronm 

cOphiuohi 

- 

c 
2 '3 
$ g 

4 

J 

-0.01 

-0 '02  

-0 0 2  

-0.01 

a 
3 
d 

8 

J 

+o-14 

+o'a.q 

+o.20 

+ O . I . ~  

+o '14  

Clock Correction 

Mean by 
sm in 

MIIIB 

~ ~ ~ t ~ .  
niental 

Position in 
cacll (iroup 

a r  
' 

+ I  0.330 

+ I  e.260 

+ r  0.153 

+ I  1 '15j  

+0.13 

t o . 1 5  

-0.13 

-0.14 

-0.14 

-0.25 

-0.14 

-0'1.; 

-0.25 

f0'1.3 

+o . lq  

+0.13 

+o'12 

+0.14 

+ o a l z  

Dsily 
Mean of 
"" two 
~ns t ru -  
me??1 

Po"~'oD' 

r r  

+ I  0'176 

- 
o 

I 

-o.oa 

-0'04 

-0.04 

- 0 . 0 2  

-0.02 

.g z .z 
$ 5 2  

J 

0.00 

0.00 

0.00 

+ 0.01 

-0.02 

-'0.02 

+oao2  

+o.o.3 

+ o m o 3  

+o'o;  

+O.OI 

+0.04 

+o.o; 

- 0 . 0 2  

-0 .02  

-0.02 

-0.07 

- 0 . 1 0  

-0.05 

O'O01 

-0.01 

+ 0.01 

+ 0.01 

0.00 

0.00 

0.00 

+ 0.01 

0.00 

0.00 

+ 0.01 

0.00 

+ 0.01 

t 0.17 

+ 0.1; 

+ 0.37 

i 

-0.01 

o . w 1 - o . o ~ ~ 8  

-0.01 

-0.01 

-o.ol 

- 0 . 0 2  

-0.01 

-0.01 

-0.02 

-0.01 

-0 .01  

-0.01 

-0.01 

-0.01 

-0.01 
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TABLE IJ- TRANSITS OF CLOCK 8TARS AND DEDUCTION OF THE CLOCK CORRECTION. 

d 

t ." - 
s z FI q 
I 

4 

1895 

June 29 

POTSDAM 

p 
L 0 

a m  

6 

$ 

12 

11 

l o  

12  

14 

8 

1.3 

1 2  

9 

15 

8 

10 

11 

13 

8 

15 

11 

13 

5 

2 2  

13 

CONYNQHAM 

Corrected 

Time 'I'mnsit of 
-T  

h m  J 

16 15 36.87 

16 21 36-40 

16 14 44'0.3 

16 26 43-20 

16 2944'81 

16 36 21-26 

1 6  4 0.79 

164946'94 

1651 43.53 

16 58 45-71 

17 3 22.98 

1 j 4 1  ~ 2 . 6 1  

17 43 .35.41 

1 7  51 40.75 

17 54 24.94 

1 7  56 55.38 

18 I 24.08 

18 2 28-42 

1 8  18 15-10 

18 2 1  24.43 

18 32 24'64 

AT 

.- 2 

.- 

d 

4 3 %  

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

P 

E 

. . . . . . . . .  

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

. . . . . . . . .  

T ~ A N ~ I T ~  (E), Lot. 62' 23', BY LENOX 

Star  

Name 

7 Herculir 

q Draconia 

j3 Harculir 

2576 Gr. 80 

a H e r c u h  

{ Herculh 

2632 Or.80 

2840 II 

K Ophiuchi 

2 W  Cfr. 80 

2683 ,I 

p Herculir , 

2814 Or. 80 

8 Herculia 

67 Ophiuchi 

2830 Or. 80 

72 Ophiuchi 

o Herculir 

109Herculis 

b Draconis 

a L y r e  

WITH TELEBOOPE 

Right 

- R.A. 

h m  J 

16 16 37.91 

16 2 2  37.77 

16 25 45.15 

16 27 44-16 

16 3045.99 

16 37 rr .54 

16 49 a'oo 

16 5048.15 

16 52 44.77 

16 59 46.97 

17 4 24.21 

17 qa 23.85 

17 44 36'60 

17 5a41.95 

1 7  55 16-33 

17 57 56.65 

18 a 25'28 

18 3 29.68 

18 19 16.33 

18 2 2  25'64 

18 33 25.86 

2 $ . - 
i22 

4 

s 

- 0 . 0 2  

-0'03 

- 0 . 0 1  

-0.01 

- 0 . 0 2  

-0.01 

-0 .01  

-0.01 

-0.01 

-0 .02  

-0.02 

-0.01 

-0.01 

-0 .02  

-0 .01 

-0.01 

-0.01 

- 0 . 0 1  

-0.01 

- 0 . 0 2  

-0 .02 

Declina- 
tion 

0 t 

46 34 

61 45 

11 43 

11 43 

42 39 

Mmn 

j x  47 

31 j j  

18 36 

9 32 

Mean 

35 34 

40 39 

a7 47 

25 40 

37 16 

Mean 

a 56 

2 0  50 

9 33 

a8 45 

Mean 

21 43 

58 44 

38 41 

Mean 

p .- 

J 

+ 0-06  

- 0.15 

+ o ' a j  

+ 0.29 

+ o.10 

+ 0.18 

+ 0.18 

+ 0.26 

+ 0.30 

+ 0.16 

+ o-12 

+ 0.21  

+ 0 . 2 2  

+ 0'14 

+ 0.34 

+ 0.25 

+ 0.30 

+ 0.20  

+ 0.24 

- 0.09 

+ 0.13 

8 

N 

8 

S 

8 

8 

8 

8 

8 

8 

8 

S 

8 

8 

8 

8 

8 

8 

8 

N 

S 

Mean 

Epoch 

Tn 
' 

h r s  

16 25 

NO. 2. 

\ 

J 

-0 .02 

-0.03 

-0.01 

-0.01 

- 0 . 0 2  

-0.09 

-0.09 

-0.07 

-0.06 

-0.02 

-0 .02  

-0.08 

-0.07 

-0.09 

-0.10 

-0.14 

-0.11 

-0.16 

-0.07 

-0.14 

-0.9 

Obsemed Time Transit of 

.- - 
By s ta r  each 

- 
R.&-T 

m r  

+ I  1'04 

+ I  1-37 

+ I  1 - 1 2  

+ 1 1-06 

+ I  , r ' 1 8  

+ I  1.28 

+ I  x .21  

+ I  r 'al  

+ I  1-24 

+ I  1.10 

+ I  1-23 

+ I  1 . 2 4  

+ r  1.19 

+ I  1-10 

+ I  1-39 

+ I  1 .17  

+ I  1.20 

+ I  1.26 

+ I  1-13  

+ I  1.21 

+ I  1 . 2 ~  

h m  J 

16 15 37.02 

16 2 1  36.85 

16 24 43.93 

16 a6 43-05 

16 2944.91 

16 a3 41 

16 36 ax-04 

16 48 0.57 

1b4946.64  

16 j r  43.18 

16 46 28 

16 58 45-79 

17 3 23'05 

17 41 22.62 

17 43 35-40 

17 51 40-87 

I 7 27 46 

17 54 24'59 

17 56 55.16 

18 1 23.78 

18 2 28-26 

I 7 58 48 

18 18 ~ 5 . 0 6  

18 2 0  24-90 

18 32 24.77 

I 8 23 41 

- 
S 

J 

-0.17 

-0.24 

- 0 . 1 2  

- 0 . 1 2  

-0.16 

+o.r4 

+ o - 1 4  

+0.12 

+ O ' I Z  

-0.11 

-0.15 

-0.13 

-0.13 

-0'15 

+ O ' I ~  

+ O - I Z  

+omxz  

+oa1.3 

-0.12 

- 0 . 2 2  

-0.15 

Clock Correction 

hlea11 by 
&tars snn~e in 

~ ~ ~ t ~ ~ .  
mel~tal 

Position in 
each Group 

as J 

+ I  1'154 

+ I  r.rg5 

+ 1  1 ' 2 1 2  

+ I  1'280 

+ x l ' aao  

Daily 
Mean of 
'.lie 
Inrtru- 
"lental 

m J 

+ I  1.174 
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TABLE W. WANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

POTSDAM (E), 

Observed 

Time of 

Transit 

A m  J 

18 45 13.65 

18 48 40.95 

18 59 36.49 

19 I 17.20 

18 53 42 

16 15 35.80 

16 16 17.65 

16 21 35.45 

16 1442.77 

,6  2641 .8 ;  

, 6  29 43-71 

16 2 2  16 

16 36 20.42 

16 3 7  18.70 

16 .39 48.06 

,6 4r 1 9 . 8 ~  

, 7  22 .21  

1i 8 52.33 

t o  24.32 

I ;  I z  41.56 

l 7  44.72 

43.71 

, 7  19,00 

17 0 3 2  

17 1 2  28.80 

I 7 2 2  29 

$ 
8. 

I 

-= 
i 

0 
K 

1 2  

9 

l o  

l o  

11 

4 

1 7  

14 

lo 

1 1  

13 

13 

1 2  

1 1  

8 

7 

1 2  

I I  

15 

9 

1 2  

I r  

AT 

.- 
i 

z 

d 

2 ' 

? g %  
a - 
E 

E 

E 

E 

. . . . . . . . .  

E 

E 

E 

IC 

E 

. . . . . . . . .  

W 

IV 

W 

W 

W 

IV 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

. . . . . . . . .  

4 

Q .- 
= 0 
8 -' 

g 6 - 
4 

1895 

June 29 

July 1 

Mean 

Epoch 

T 
E 

h m a  

18 11 o 

16 56 g 

b 

Txtarrer~s 

Star 

Name 

B' Lyra, 

o Draconir 

Aquilm 

3092 Gr.80 

r Herculia 

y Iierculia 

7 D r a c o ~ ~ u  

B Herculia 

257GGr. 80 

a Herculia 

( Herculia 

7 Iierculir 

2615 Gr. 80 

Groom. 2377 

26S3 Gr. 80 

a Herculia 

s Herculi  

2712 Gr. 80 

LV IIarculis 

2i20 Gr. SO 

a Oplriucki 

2745 Gr. 80 

wxra 

Right 

Ascension - B.A. 

h m  J 

18 46 15'0.3 

18 4941.07 

19 o 37'95 

19 118.57  

16 16 37.89 

16 17 20.06 

16 2 2  37'45 

16 25 45'1.4 

16 27 44.26 

163045'97 

16 37 12-53 

16 39 20 68 

16 40 jo-28 

16  43 21'57 

17 4 24.21 

17 9 54'49 

17 11 26.2; 

17 13 43'68 

17 16 46.69 

17 19 45'81 

17 2 1  21.27 

17 23 31-42 

TELE~COPE NO. 2. CONYNGHAM 

Corrected 

Time Transit of - T 

A s 

18 45 13.78 

18  48 40.77 

18 59 36.76 

1 9  I 17-40 

16 15 35'82 

16 16 17.94 

16 11 35-17 

16 1443.05 

16  26 42.23 

16 r94 j . 80  

16 36 10.37 

16 j 7  18.55 

16 39 48-13 

16 .+a 19-33 

17 3 ~ 2 . 0 4  

17 8 51'4j  

17 10 24.20 

17 11 41.70 

17 15 44.66 

17 18 43';s 

17 20  19.20 

1 7  1 2  19-24 

Lot. 62' 23, BY LENOX 

each 
star - 

R.A.-T 

m J 

+ t 1.25 

+ I  1.30 

+ I  1'19 

+ I  1 '1;  

+ I  2'0; 

+ I  2 .12  

+ 1 1.28 

+ I  1.09 

+ I  ' 1.03 

+ I  1.1; 

+ I 1 .16 

+ I  2.13 

+ I  z - o j  

+ 1 2.24 

+ I  2.17 

t I 2 ' 0 4  

+ I  2.0: 

+ I  1.98 

+ I  z ' o j  

+ I  2-06 

+ I  2.0; 

+ r 1.18 

4 

Derlina- 
tion 

0 I 

33 14 

59 16 

13 42 

24 5 

Mean 

46 34 

19 24 

61 45 

21 43 

11 43 

42 39 

ME811 

31 17 

39 7 

8 47 

56 58 

40 39 

14 30 

36 56 

l o  59 

32 jb  

23 4 

4 14 

Mean 

o 25 

Mean 

,- - - 
6 

J 

+o '14  

+o'z.z 

+ o ' I ~  

+0'1.i 

+0'1; 

+O'12 

+0'24 

+ 0 ' H  

+ O . I Z  

+0.16 

-0.14 

-0.15 

- 0 ' 1 2  

- 0 . 2 1  

-0.15 

- 0 ' 1 2  

- 0 . 1 4  

- 0 . 1 2  

-0'1.4 

-0.13 

- 0 . 1 2  

+ o a l z  

8 

S 

I4 

S 

S 

S 

S 

N 

S 

S 

S 

8 

S 

S 

N 

8 

S 

S 

S 

S 

6 

S 

S 

Clock Correction 

Mean by 
in 

anme 
~ ~ ~ t ~ ~ -  
mental 

Position in 
~ H C I I  ~ r o u p  

m J 

+ I  1.228 

+ I  2'12; 

+ I  z ' q r  

+I:  1'180 

Mean of 
"le 

InatrU- 
m4".tH1 

Positions 

m J 

+ I  1.135 

' 

+ I  r .1~2  

a L 

6 $  

J 

-oao1 

-0.02 

-0.01 

- 0 ' 0 1  

- 0 ' 0 2  

-0.01 

-0'03 

-0.01 

-0.01 

- 0 . 0 2  

- 0 ' 0 1  

-0.02 

-0 .01  

-0.02 

- 0 . 0 2  

-0.01 

- 0 . 0 2  

-0.01 

-0 .01  

-0.01 

0.40-0.01 

-0.01 

Correction for 

jqT$) 
'E 4 

J 

-0.1;  

-0'29 

- 0 . 1 2  

-0.1j 

-0 ' 21  

-0'1.3 

-0'30 

-0'13 

-0 .11  

-0'19 

-0 .12  

- 0 ' 1 . 1  

-0.08 

-0 .20  

-0 .14  

-0'09 

-0'1.4 

-0.09 

-0.13 

- 0 . 1 1  

-0.07 

-0.09 

J 

+ 0.17 

- 0.10 

+ 0.28 

+ 0-23 

+ 0'08 

+ O . J I  

- 0.19 

+ 0.30 

+ 0.36 

+ 0 . 1 2  

+ 0 ' 2 2  

+ 0.16 

+ 0.38 

- 0.08 

+ 0.14 

+ 0'34 

+ 0.18  

+ 0'36 

+ 0 . 2 2  

+ 0 . 9  

+ 

+ 0.42 
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TABLE IV. TRANSITS OF CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

- 
0 .- 
E :  
E n  - 
4 

1895 

July 12 

I 

4 

S 

S 

6 

8 

S 

S 

S 

9 

8 

S 

S 

9 

8 

S 

9 

8 

S 

Star 

2623 &. 80 

26a2 ,, 
2650 n 

K Ophiuchi 

t HercuL 

2683 Or. SO 

n Herculis 

8 Herculis 

r Herculie 

2712 Gr.80 

W H e r c d  

2729 Or. 80 

u Ophkchi 

e746 Or. 80 

2762 n 

B Draconis 

a Ophiuchi 

TBANBITI) 

.S E 

" 

- 
B 
2 

g 
2 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W ,  

W 

W !  

W 

. . . . . . . . .  

12 

E 

E 

. . . . . . . . .  

Declina- 
0 

0 I 

7 % 

31 53 

18 36 

g 32 

Mean 

31 5 

40 39 

14 30 

24 9 

36 36 

lo  59 

32 36 

Mean 

a3 4 

4 14 

o 25 

26 12  

5 1 2 3  

IS  38 

Mean 
I 

AT 

%! f. 

6 
B 

a 
g 

5 

1 %  

11 

13 

8 

9 

11 

7 

6 

15 

15 

15 

12 

r z  

a4 

la 

14 

14 

I I  

13 

POTSDAM 

Observed 

Time of 

Trsnlit 

h m  J 

16 44 1-57 

16 47 53.36 

16 49 39.40 

16 51 35-92 

1648 19 

16 55 10-63 

17 3 15'67 

17 8 45-89 

17 9 31-51 

17 lo  17-92 

17 1 ~ 3 5 . 0 7  

17 15 38.26 

I 7 7 54 

17 18 3 7 . 1 ~  

17 x, 12.37 

17 IS 22-40 

17 a5 23.84 

172658.41 

17 28 57.79 

17 23 45 

17 11 5-88 

17 j5 34.81 

17 37 11.41 

17 34 54 

!a75 (fr.80 

I Harculie 

@ Ophinchi 

4 a 

46 4 

4 37 

Mean 

(E), Lat. 6!2" a#, BY BURRARD 

8 

8 

8 

Mean 

Epocll 

- yE 

A m .  

16 58 ; 

1 7  29 20 

WITR 

Corrected 
Tlme of 
Transit 
-T 

h n ,  s 

16 44 7.71 

16 47 53.16 

16 49 39'39 

16 51 36-04 

16 55 10'z.z 

17 3 15.06 

17 8 45-75 

17 9 37-20 

17 lo  11-39 

17 la  34-98 

17 15 37'83 

17 18 37-oj  

17 20 12-55 

I ;  22  22<62 

17 a5 13.74 

17 26 57'76 

17 28 57'86 

17 31 5.60 

35 24.06 

17 37 11-39 

2 z 
J 
S 

J 

+oeo8 

+0 '09  

t o .08  

+0'08 

-0.09 

-0-10 

-0.08 

-0'09 

-0.10 

-0'08 

-0.09 

+o.o8 

+oao8  

+0.08 

+0.09  

+om 

Correotion 

- 

8 

-om.13 

-0.51 

-0.41 

-0'34 

-0'54 

-0.64 

-0.41 

-0'49 

-0.60 

-0.38 

-0.56 

-0.4 

-0.31 

-0.29 

-0.46 

-0.76 

for 

." 
4 

.! 

J 

c 0.40 

+ 0.23 

+ 0'33 

+ 0.39 

+ oms.+ 

+ 0.15 

+ 0.36 

+ 0.28 

+ 0.19 

+ 0.38. 

+ 0.2.4 

+ 0.30 

+ 0.42 

+ 0.44 

+ 0'28 

0.00 

+ 0.3; 

+ 0'29 

+ 0.09 

+ 0.41 

T n ~ n s c o ~ ~  

Right 

Ascension - R.A. 

A m  J 

16 45 16-34 

16 49 1-93 

16 50 48.12 

16 52 44.76 

16 56 19-15 

17 4 24.14 

1 7  954'49 

17 1045'97 

17 11 26-21 

17 13 41'69 

17 16 46-65 

17 19 45-80 

17 a1 21.29 

17 23 31-44 

17 26 31-56 

I; 28 6-54 

17 30 6.59 

17 33 14.36 

17 36 32.96 

17 38 20.18 

E 

g k  
6-2 
=I 

r 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0 .02  

- 0 . 0 1  

-0901 

-0.02 

-O'OI 

-0.01 

-0.01 

-0.01 

-0.01 

-oaoc 

-0 .02  

-0.01 

-0.01 

- 0 . 0 ~ 1 7  

-0.01 

+o' 

-0.08 

-0.11 

-0.011 

No. 2. 

-0.37 

-0.48 

-0.71 

-0.34 

By 
" - 

R.A. - T 

m r  

+ I  8-63 

+ I  8.77 

+ I  8.73 

+ I  8'72 

+ I  8.92 

+ I  9.08 

+ I  8.74 

+ I  8.77 

+ I 8 83 

+ I 8';1 

+ I  8.82 

+ I  8.75 

+ I  8.74 

+ I  8'82 

+ I  8.82 

+ I  8.78 

+ I  8.73 

+ I  8 '76 

+ I  8.90 

+ I  8.79 

Clock Correction 

Mcnn by 
stars in 

~~~~~- 
mrnh l  

Posit Ion in 
enclt ~ r o u p  

m J 

+ I  8-713 

4 1  8'839 

+ I  8'773 

+ I  8-81: 

Daily 
Mean of 

PoB'tlOns 

m J 

+ I  8'776 

+ I  8.795 



ARC P O T S D A M - G R E E N W I C H .  

TABLE W. TRANSITS OF CLOCK STARS AND DEL)UCTION OF THE CLOCK CORRECTION. 

I ' I 'RANSIT~ AT POTS1)AM (E), Lqt, 6a0 2.3', BY BUKKARD WITH TELEBCOPX NO. 2. I 
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TABLE I?? TRANSITS OF CLOCK STARS AND DEDUCTION O F  TIIE CLOCK CORRECTION. 

Mean 

Epoch 

- TE 

h m s  

18 54 .12 

39 

2. 

e8C1' 

Star - 
R. A. - T 

n s  

+ I  10.04 

+ I  10 '11  

+ I  10'11 

+ I  10.11 

+ I  lomoz 

+ I  10.10 

+ I  10.08 

+ I  10.14 

+ I  10.14 

+ I  12.24 

+ 1  11.96 

+ I  12'07 

+ I  11.91 

+ I  11.91 

+ I  11-87 

+ 1  11'91 

TELESCOPE KO. 

Right 

Ascension - R.A. 

h m  J 

19 o 38.10 

19 2 18-71 

19 3 54.50 

19 7 2-36 

19  8 28.23 

19 11 12-42 

19 12 46.22 

19 14 43-47 

19 ,8  35.84 

17 51 45.90 

17 52 41'91 

17 54 12.91 

18 15 55-82 

18 19 16-40 

18 zz 25.51 

18 33 25'91 

AT 

n 
2 
i 

$! 
$ 
c 

2 

14 

13 

11  

1 2  

13 

I I 

10 

11 

8 

I I  

10 

13 

4 

16 

9 

3 

TBANSIT~ 

- 
.; - 
'S 

7 

4 ; -  - 2 

W 

W 

W 

W 

N' 

. . . . . . . . .  

E 

B 

E 

. . . . . . .  

\V 

W 

rn 

. . . . . . . .  

h: 

E 

E 

E 

. . . . . . . . .  

- 
5 
.g 0 

2 2 
o FI - 
4 

1895 

July 15 

,I 19 ' 

r 

POTSDAM 

Obael~ed 

Time of 

Transit 

A m  s 

18 59 28.12 

19 I 8-78 

19 2 44.35 

19 5 52.05 

19 7 18.13 
-- 

I 9 3 18 

19 10 12.35 

19 11 36.77 

19 1.3 34.38 

19 17 26.12 

rg 1.3 12  

17 5034.72 

1 7  51 30.42 

17 53 1.70 

I I 2 

18 14 43-85 

18 18 4-80 

18 21  15.05 

18 92 14.67 

18 21 35 

WITH 

Corrected 
Tiilieot 
Transit 
==T 

h m  J 

18 59 28.06 

19 I 8.60 

19 2 44'39 

1 9  5 52-25 

19 7 18-21 

19 lo  1 2 - 2 1  

19 I I 36-14 

19 1.3 33.33 

19 17 25.70 

17 5033.66 

17 51 29-95 

17 53 0.84 

18 1443-91 

18 18 4.49 

18 21 13.64 

18 32 14-00 

(E),  Lot. 520 23', BY BURRARI) 

Clock Correction 

&Iran by 
in 

na111e 
Insfro- 
mclltnl 

:;;,itip;; 

m r  

+ I  1o'o;S 

+ I  10'140 

+ I  I Z . O ~ O  

+ I  "'900 

Star 

Name 

< Aquilm 

3092 Gr. 80 

3101 ,, 
II 

3118 ,, 

3123 Cfr. 80 

0 LF 

K Cygni 

3152 Qr. 80 

t D e  

0 Herculis 

y Dmconis 

rl 8erpentir 

109 Herculir 

b Drsconio 

a IT-Q 

I)aily 
&lean of 
the two 
Insbru- 

p ~ 8 ~ ~ ~ ~ ! s  

m r  

+ I  10.108 

+ I  "'995 

c - 0 

2 
E =  
a k 

2: 

r 

-o.or 

-oSoi  

-0 .01  

-0 .01 

-0.01 

-O.OI 

-o.oz 

- 0 . 0 2  

-0.01 

-oqoz 

- 0 . 0 2  

-o.oz 

-0.01 

- O - O I  

- 0 . 0 2  

-0 .02 

for 

6 
e .; 
4 

J 

+ 0 .17  

+ 0 . 2 2  

A 0'31 

+ 0.38 

+ 0.33 

+ 0.32 

+ 0.1 J 

- 0 .01  

+ 0 . 2 1  

- 0.08 

+ 0.19 

+ o-01 

+ 0'48 

+ 0.31 

- 0 . 1 2  

+ 0.18 

Declina- 
tion 

0 ,  

13 42 

24 5 

5 54 

- 8 7 

2 7 

Mean 

4 39 

37 57 

53 10 

26 4 

Meull 

s6 53 

37 l6 

51 

Meall 

- 2 56 

11 43 

58 44 

38 41 

Mean 

2 
,: = J  
$ 

8 

+o.o8 

+o.og 

+0'08 

t0.08 

+o.o8  

-0.08 

- 0 . 1 0  

- 0 . 1 4  

-0.09 

+o.o9 

+0.11 

-0'07 

-0.07 

-0.13 

-0'09 

4 

8 " 

S 

9 

s 

S 

S 

S 

S 

S 

s 

6 

8 

8 

N 

S 

Correction 

r 

-0'40 

-0.48 

-0.34 

-0.25 

-0.32 

-0.36 

-0.65 

-oaR8 

-0'5.3 

+ o . I ~ - I . o ~  

-0.73 

-0.96 

-0'34 

-0.55 

-1.14 

-0.74 
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TdBLE W. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTIOR. 

. 

3' .- 
8 2 

g 6 
4 

Q 

1895 ' 

July 21 

,, 22 

TELESCOPE NO. 

Right 
Ascenaion - R.A. 

A m  

17 51 45.86 

17 54 12.88 

18 329.70 

18 17 48'92 

18 19  16.40 

18 33 15'90 

18 41 11.57 

18 4941-01 

7.66164311'14 

16 45 16.a9 

16 47 ro'S4 

16 49 1.84 

16 50 48'05 

16 51 44-72 

16 56 19.06 

17 q l 4 ' o z  

17 6 45.a7 

Epocil 

- T~ 

h n , ~  

\ 

18.17 40 

; f  

@ 

Taaasr~s 

.,. 5 
r *  .- 
B 

PI 
+ 
9 
8 
E 

- 4 ; ;  

.-. 

E 

E 

. . . . . . . . .  

W 

\V 

W 

W 

. . . . . . . . .  

E 

E 

. . . . . . . . .  

E 

FI 

E 

E 

. . . . . . . . .  

\%' 

bl' 

W 

15' 

K 

. . . . . . . . .  

2. 

g. 

N 

6 

9 

S 

9 

8 

S 

N 

N 

8 

6 

S 

8 

S 

8 

6 

8 

Star 

Name 

E Draconis 

y Draconie 

o Hereulis 

2929 Or. 80 

109 Herculia 

a Lym 

110 Hercuiis 

o Draconis 

Qroom.2877 

2623 Gr. 60 

49 Heroulis 

2632 Qr. SO 

2640 Qr. 80 

IC Ophiuaki 

r Hercnlia 

2683 Ur. 80 

2686 3, 

Star - 
R.A.-T 

m a  

+ I  13.01 

+ I  12'88 

+ I  11 97 

+ I  13-01 

+ I  13'02 

+ I 13-06 

+ I  11.86 

+ I  1a.90 

+113 .48  

+ I  13.29 

+ I  13.38 

+ I  13'34 

+ I  13'35 

+ I  13'35 

+ I  13.42 

+ I  13.64 

+ I  13.59 

Decline- 
tion 

0 t 

56 53 

51 30 

Menn 

r8 45 

23 14 

21 4.3 

38 41 

Mean 

20 27 

59 16 

Mean 

5 6 5 8  

7 26 

15 9 

31 53 

&fe~m 

18 36 

9 32 

31 5 

40 39 

24 22 

Meon 

AT 

'u : 
C " 

6 
." 
5 

6 
% 

9 

6 

12 

14 

10 

r j  

8 

; 

14 

14 

13 

1 2  

1 2  

9 

14  

9 

15 

Clock Correction 

Meen py 

bE:: 
1nstr11- 
mental 

Poaition in 
each Gmup 

m a  

+ 1 1a.945 

+ I  13'01s 

I 

+ I  11.880 

+ 1 13'373 

+ 1 13.470 

naily 
Mean of 
the two 
Indru-  
me?ta1 

P0"t10"8 

c 

+ I  11.964 

+ I  1 ~ * 4 a ~ 1 6  

POTSDAM (E), Lat. 62' 23, BY BURRARD WITH 

Observed Corrected 
l'inre of 

Time of 
Transit 

. L E - T Trenait 
A 

c 

- 1.03 

-0.91 

-0.61 

-0.56 

-0'54 

-0'73 

-0.51 

- 1 . 1 0  

-0.42 

-0.49 

-0.66 

-0.53 

-0'45 

-0.66 

-0.78 

-0'58 

h m  c 

17 50 34.08 

17 53 1.01 

r 7 5 1 48 

18 a 17.05 

18  16 36.15 

18  18 3'59 

18 32 1.3'37 

181; 18 

18 39 59.01 

18 48 30.46 

I 8 44 15 

1642 

16 qq 3.17 

16 46 7'75 

16  4; 49-05 

16 45 1 

16 49 .34.93 

16 gr 3 1 . ~ 8  

16 55 6.07 

17 3 1 0 . 9 ~  

17 5 3 1 ' ~ ~  

16 56 59 

c 

-o.'rr 

-0.09 

+ o q o i  

+oeo6 

+0'06 

+ o m o i  

-0.06 

-0.11 

-0.0; 

-0.06 

-0'06 

+o.o6 

+ o . o j  

+c.o6 

+oao ;  

+0*06 

# 

- 0.0; 

+ 0.01 

+ 0.23 

+ o ' a j  

+ 0.28 

+ 0.15 

+ 0.28 

- 0.12 

8 ' 9 . ~ - 0 ' 1 o - l ~ O g - 0 ' 0 6 - 0 ' 0 2 1 6 4 ~  

+ 0.31 

+ o 'z i  

+ 0.18 

+ 0.25 

+ 0'.30 

+ 0.18 

+ 0 . 1 2  

+ 0.22 

4 

-0.02 

-0 .02  

-0.01 

-0.01 

-0.01 

-onoz 

-0.01 

-0.02 

-0.01 

-oeol  

-0.01 

-0.01 

-0'01 

-0.01 

- 0 . 0 2  

-0.01 

r h m ~  

17 50 31-85 

17 53 o'oo 

18 1 16.73 

18 16 35-91 

18 18 3.38 

18 31 12'84 

18 39 58-71 

18 48 29-11 

16 # 3-00 

16 46 7.46 

16 47 48.50 

16 49 34.70 

16 51 31.37 

16 55 5.64 

17 3 10.38 

17 5 31.68 
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PABLE TRANSITS OF CLOCK STAEY AND DEDUCTION OF THE CLOCK CORRECTION. 

lh~werm 

$ 7  .- 
8 
a 
5 .. 
) 

- l g %  s 

E 

E 

E 

E 

6 

6 

E 

P 

. . . . . . . . .  

W 

W 

W 

W 

W 

W 

W 

'8 

W 

W 

. . . . . . . . .  

E 

E 

E 

......... 

d 

0 

.g m 

g 2 
4 

4 

1895 

July 22 

, 

Mean 

Epocll 

- T~ 

-. 

i n s  

. 

18 22  26 

AT 

O 

2 
0 

2 
5 
6 
2 

14 

13 

2 

10 

11  

14 

15 

9 

g 

14 

13 

13 

14  

17 

9 

9 

9 

14 

11 

l o  

1.3 

Star 

Name 

8 2 9  Gr. 80 

a Ophiuchi 

2752 or .  80 

0 Draconir 

a Ophiuchi 

.2775 o r .  80 

I Hwculm 

B Ophiuchi 

p H e r d i n  

2814Qr. 80 

o Herculis 

2893 Or. 80 

b Dracouh 

a Lym 

a ~ y r m  
o Draconir 

B Lyre  

V L~=J 

K C y p i  

3162 Gr. 80 

b A q a i b  

SO. 2. POTJDAM 

Observed 

r imeof  

m . i t  

A m  J 

17 18 32.90 

17 2 0  8.07 

1 7  25 19.56 

17 26 S4' l l  

17 28 53'jO 

17 31 1-53 

17 35 20.34 

1 7  -37 7-05 

17 28 2 

17 41 10.73 

1; 43 23.50 

18 r 16.65 

18 6 46-97 

18 21 13-37 

18 32 13.10 

18 ~5 2.19 

18 48 29'75 

18 50 58.61 

18 53 50.96 

I 8 2 2  3.3 

19 13 31-26 

l 9  I ;  22.8; 

19 18 47.78 

19 16 34 

Declina- 
tion 

0 I 

23 4 

4 14 

26 12 

52 23 

12 38 

24 22  

46 4 

4 37 

Yean 

27 47 

25 40 

28 45 

31 a3 

58 44 

38 41 

33 14 

59 16 

43 48 

j r  33 

Mean 

53 l o  

26 4 

11 43 

Yean 

eat'' 
8t.m 

E.A.-T 

a J 

+ 1 13.25 

+ I  1.3'33 

+ I  13.41 

+ I  13-36 

+ I  15.31 

+ I  13.21 

+ I  13.40 

+ I  13-27 

+ I  13-46 

+ I  1.3'41 

+ r  13'45 

+ I  13.43 

+ I  13-31 

+ r  13'4C 

+ I  13.42 

+ I  15.49 

+ I 13'38 

+ I  13.38 

+ I  13.38 

+ I  13'50 

+ I  13-61 

, 

8 

8 

8 

6 

S 

8 

8 

8 

8 

8 

S 

8 

N 

Y 

8 

N 

6 

S 

N 

8 

8 ,  

Clock Correction 

Mean by 
I n  

rt~etital 
Position ill 
racll Group 

J 

+ I  13.320 

+ I  13'41.3 

+ I  13'497 

(E), k t .  d p  23', BY BURltARI) 

Daily 
Mean of 
the two 
Instru- 
U1ellta' 

Positiot~s 

m r  

+ I  13.411 

WITH 

Corrected 
Time of 
Tnrndit 
=T 

h r  r 

I ;  18 .3ze50 

I ;  zo 7-93 

17 25 19*1o 

17 26 53'0.4 

17 28 53-14 

17 jz  1-10 

1 7  35 19.46 

17 37 6.91 

17 41 10.36 

17 43 23.17 

18 a 16.24 

18 6 46'51 

18 21 12.15 

18 32 12-49 

18 45 1.69 

18  48 28'51 

18 50 57'88 

18 53 50.4; 

19 13 30.08 

19 17 12.37 

19 18 47-51 

< : - z 
6 

r 

-0.06 

-0.05 

-0.06 

-0.09 

-0.06 

-0.06 

-0.08 

-0.05 

+oS06 

+ o ' o ~  

+0.06  

+0.06 

+0 '10  

+ o ' o ~  

+ o m &  

+o-11 

+o.o7 

fo .06  

-0.09 

-0.06 

-0.06 

TELP~COPE 

Right 

Ascension 

- E . k  

A m  r 

17 19 45.75 

17 Z I  2 ~ 2 6  

1 7  26 31-51 

17 28 6-39 

17 30 6.56 

I; 33 14-32 

17 36 31-86 

17 38 ao.18 

17 42 23.82 

1 7  44 36.38 

18 3 29.69 

18 7 59.94 

18  az 25.46 

18 33 25.89 

18  46 15'11 

18 49 qz'oo 

18  52 11.26 

18 55 3.85 

19 14 43-46 

19 18 35.87 

19 20 1 ' 1 2  

Correction 

C a 

2 

r 

-0.56 

-0'40 

-0'60 

-0.97 

-0'47 

-0'58 

-0.85 

-0.40 

-0.62 

-0.60 

-0.66 

-0.69 

- I ' Z I  

-0.79 

-0.72 

-1'23 

-0.8; 

-0.71 

-1.of1 

-0.64 

-0.49 

for 

.- 
4 a .- 
& 

r 

+ 0.23 

+ 0.32 

+ 0 . 2 1  

o'oo 

+ 0.28 

t 0 .22  

+ 0.07 

t 0.32 

+ 0 . 2 0  

+ 0.22 

+ 0 . 2 0  

+ o.lR 

- 0.09 

+ 0.13 

+ 0.1; 

- 0.10 

+ 0.09 

+ 0.1; 

- 0.01 

+ 0 . 2 1  

+ 0.19 

g 
e z  
f E  
E S  

4 

r 

-0.01 

-0 .01  

-0.01 

-0 '02  

-0.01 

-0.01 

- 0 . 0 2  

-0.01 

-0.01 

-0.01 

-0 .01  

-6.01 

- 0 . 0 2  

- 0 . 0 2  

-0 .01  

- 0 . 0 2  

- 0 . 0 2  

-0.01 

-o0oz 

-0.01 

-0.01 
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TABLA' W. TRANSITS OF CLOCK STABS AND DEDUCTlON OF THE CLOCK CORRECTI( X. 

I TBAIFJITS AT QEEENWICH (W), Lot. 61' 29', BY BUBRARD wrra TnlPscoPs h'o. 1. I 
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TABLE m. TRANSITS O F  CLOCK STARS AND DEDUC'PION OF THE CLOCK CORRECTION. 

- - - -- 

4 

e .- 
8 3 z Q 
Y 

4 

1895 

June22 

BURRARD WITH 

Time of 
Tnnait  
-T 

r i m  r 

15 I 49-50 

15 a 59.92 

15 7 43.09 

15 r j  5-17 

15 18 0.17 

15 19 39.63 

15 21 44'35 

15 2 2  38.10 

!5 a6 17-68 

15 29 22-74 

15 36 0'30 

15 38 13.90 

1 5 4 0 ~ 8 . 6 9  

15 43 8-94 

15 u 43.06 

16 9 52-98 

16 11 54.21 

16 15 43.36 

16 21 43.07 

16 24 50.52 

16 a6 49.67 

16 29 51.30 

16 36 27.84 

16 38 26.04 

16 39 55.;3 

T B A N ~ I ~  

Star 
I 

N.me 

2342 Gr.80 

2346 II 

2349 I I  

2357 II 

I) Co row 

p Bo6tis 

r Draconia 

B Corona 

d B d t u  

a Comns 

2432 or .  80 

a Serpentis 

B Serpentir 

K Serpentir 

r Serpentir 

d Coronas 

OplriucG 

T Herculis 

I) l)rwonir 

B Uerculir 

2576 Gr. 80 

u Herculir 

( Hcrculis 

I) Herculis 

2615 Gr. 80 

T P L ~ O O P X  

Right 

drcenaion - B.A. 

h m  r 

15 a 44-01 

15 3 54-48 

15 8 37.77 

15 13 59.83 

15 18 54'75 

15 20 34.19 

15 a t  38'92 

15 2.3 32.78 

15 27 12'37 

1530  17-30 

15 36 54.83 

15 39 8.49 

1541  23-20 

15 44 3-57 

15 45 37'65 

16 10 47'49 

16 12 48.80 

16 16 37'97 

16 2 2  37'89 

16 25 45'15 

16 27 M.25 

16 30 46.0.3 

16 37 rz.55 

16 39 20.;' 

16 40 50.26 

GREENWICH 

Obwrred 

Time of 

Transit 

r i m  r 

15 r 49.58 

15 j 0.01 

15 7 43-03 

15 13 5-12 

15 18 0.28 

15 19 39'81 

15 2 1  44-71 

15 aa 38.21 

15 26 17-87 

15 14 53 

15 ~ 9 a j - 0 4  

15 36 0.54 

15 38 ~ + - o j  

15 4028.90 

15 43 9.17 

15 44 43-20 

16 9 53'34 

16 11 5 4 . q  

15 46 43 

16 15 43-57 

16 Z I  43-46 

14  24 50.56 

16 26 49.65 

16 $9 51-47 

16 36 27.93 

16 38 26.18 

16 39 55.70 

16 29 I 4 

.- s 
4 

.: 
a 
-. 

q ~ ! %  
c' 

E 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

6: 

E 

......... 

(W), Lat. 61' 29', BY 

Declina- 
tion 

0 I 

25 17 

26 42 

- o 56 

r ro 
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+ 0.15 

+ 0.08 
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-0.25 

-0.29 

-0'45 

-0.25 

-0.30 
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TABLE IV. S AN SITS OF CLOCK STAM AND DEDUCTION OF THE CLOCK CORRECTION.. 
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W 

8 

S 
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-0.01 
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-0.07-0.36 
I 

+ 0 - 0 7  

+ 0.06 
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15 2034.15 

15 22  38-81 
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PdBLE IP. !CRANSITS OF CLOCK STABS AND DE1)UCTION OF THE CLOCK CORRECTION. 
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TABLE IV. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 
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T-4BLE IV. TRAKSITS O F  CLOCIC STARS AXD DEL)UCTION OF THE CLOCK CORRECTION. 
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TABLE W. TRANSITS OF CLOCK STAM AND DEDUCTION OF THE CLOCK CORRECTION. 

~ p ~ o h  - T, 

& U J  

17 33 21 

T~unerrs AT GBEEXWICH (W), Lat. 61e 29', BY LENOX CONYNGXIAM WITJI 'I'PLNCOPB NO. 1. 

Comotion for - 
d .- Corrected Bight 

Time of 5 $ a ~mxnaion B!mOh 
1)eclina- P btar 

a Transit .- 
4 

Clock Corntion 

rd-n PI 'v'; 
~nstru- 
111ellta1 

Positlon in 
a l l  Group 

( I I J  

+ o  58.678 

+O 58.710 

+ o  58'733 

1895 

July I9 

Daily 
~ m n o t  

~~8~~ 

nl?n!al 
PO"tlO''a 

+ o  58.694 

4746 Gr. 80 

2762 rn 

B Draconir 

a Ophiuohi 

2776 Or. 80 

B Ophiuahi 

p Herculia 

2859 C)r. 80 

72 Ophiuchi 

o Hsmdu 

m ,  

o 25 

a6 1 2  

52 a3 

12 38 

24 22 

Mean 

4 37 

17 47 

Mean 

2 0  50 

9 33 

18 45 

Mean 

S 

S 

N 

8 

8 

S 

S 

8 

8 

8 

... 

12 

7 

9 

10 

15 

13 

14 

14 

14 

15 

... 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

. . . . . . . . .  

W 

W 

W 

;.. 

A m  J 

17 aa 32-35 

17 25 33.51 

17 17 7-39 

17 29 7-55 

17 3s 15'47 

1 7  27 19 

17 37 10'95 

17 41 24'50 

1 7  39 23 

1 7  56 57.51 

18 1 ~ 6 . 3 0  

18 130.64 

18 018 

J 

-0.06 

-0'06 

- 0 ' 1 0  

-0.06 

-0.06 

t o a d  

+oeo7 

-0.06 

-0.06 

-0.07 

J 

+o'13 

+ o . a ~  

+0.34 

+oS16 

+oaao 

+o.22 

 to*.^.^ 

+omrg 

t0.15 

+o.12 

8 

+ 0.33 

+ 

- o-or 

+ 0.28 

+ 0.21 

+ 0.31 

+ 0'19 

+ 0.23 

+ 0.19 

A 0.19 

4 

J 

-o.or 

0.30-o.01 

-oSor 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0-01 

h 8 

17 2 1  32.74 

17 t5 33-85 

17 17 7.60 

17 19 7-91 

17 31 15-81 

17 37 21.53 

17 41 25-08 

17 56 57.92 

18 r 26.67 

18 r 30-97 

h # l  8 

17 13 31'43 

17 1632.52 

1 7  18 6-45 

17 30 6'58 

17 33 14.33 

17 38 20.19 

17 41 13-84 

17 57.56'69 

18 125.36 

18 3 29.71 

BA.-T 

W8 J 

+ o  58.69 

+ o  58.67 

+ o  58-85 

+ o  58.66 

+ o  58-53 

+O 58-66 

+ o  58-76 

+ o  18.77 

+o  58.69 

+ o  58-74 
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TABLE W. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

AT 

t 
? - 
2 
& 

E 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

. . . . . . . . .  

E 

. . . . . . . . .  

W 

. . . . . . . . .  

W 

W 

W 

W 

......... 

' IZAN~ITS 

Mean 

Epoch 

- T~ 

h m ~  

18 38 9 

0 

B 
'i; 
6 
z, 

13 

14 

14 

1 2  

15 

14 

15 

14 

14 

14 

11 

6 

15 

15 

lo  

10 

15 

15 

5 Q 

u p:; z 2 
2 "  
4 

WITH 

Bight 
A~enaion 

0E.A. 

h  J 

18 11 15-61 

18 15 55'81 

18 17 48'92 

18 19 16-40 

18 11 25.51 

18  2932.95 

18 33 25.91 

18  36 34'91 

18 41 11-57 

18  43 19'99 

1846 15 '1 l  

18 49 41-04 

19 o 38-13 

19 1 4 8 - 7 1  

16 40 5 0 . ~ 1  

16 43 21.17 

16 45 16.19 

16 47 10.84 

o I 

41 7 

- 1 56 

23 14 

r l  43 

58 44 

- 8 19 

38 41 

- 9 9 

Mean 

ro  a7 

-20 1 7  

3.3 14 

59 16 

Mean 

13 4s 

Mean 

14 5 

Mean 

8 47 

56 58 

i 26 

15 9 

Mean 

< 

1995 

July 19 

July 21 

b 

S 

8 

8 

8 

N 

8 

6 

8 

8 

8 

6 

N 

8 

8 

S 

N 

8 

8 

2911 Or. 8 0 .  

s Serpentin 

2!lN Qr. 80 

109 Herculia 

b Dmonin 

2969 Qr.W 

a Lyrm 

2988 <)r. 80 

110Herculir 

8016 Qr. 80 

rr IT= 

o Dlaoonb 

t h u h  

ffr.80 

2616 Or. 80 

Groom. 2377 

2623 Or. 80 

49 Heraub  

CONYNGIHAM 

Corrected 
Time of 
Transit 
-T 

h m  r  

18 1 1  26.99 

18 14 57'23 

18 16 50.31 

18  18 17.69 

18 21 16.86 

18 28 34.30 

18 32 17.20 

1 8  35 36 13 

18 40 1 a . 9 ~  

18 42 31.27 

1845 16.43 

18 48 43.25 

18 59 39-50 

19 I 10.08 

16 39 51-39 

1641 11-14 

16 44 17-50 

16 46 l a - o r  

GREENWICH (W), Lat. 61' 29', BY LENOX TELESCOPE NO. 1. 

Observed 

Time of 

Tnnait  

h m  J 

18 11 26.39 

18  14 56-61 

18 1649.71 

s~~~ - 
R.A.-'l' 

m '  

t o  j8.62 

+ o  58'59 

+ o  58-60 

+ o  58.71 

+ o  58.65 

+ O  58-65 

t o  58-71 

+ O  58.68 

+ O  58-65 

+ O  58.72 

+ o  58'69 

+ O  58'79 

+ o  58'63 

+ o  58.64 

+ o 58-81 

+ o  59.03 

+ o  58'79 

+ o  58-82 

Correction for Clock Correction 

Mean by 

8R1llB 

~nat ru-  
mental 

Position in 
eec,l Group 

m  

+ o  58.651 

t o  58.713 

+ o  58.630 

+ o  58.640 

+ o  58.865 

U 

.; e .- 
1 

6 

Daily 
~ I ~ H I I  of 

~~'~~ 
l"e"tU1 

Po~itions 

m a  

+ O  58'668 

- 

i. o ' r3  

- 0.10 

+ 0.3; 

t 0 .12  

+ 0.38 

+ 0.24 

+ 0.43 

+ 
- 0.11 

+ 0.17 

+ o.zr 

+ 0.09 

- 0.01 

+ o-10 

+ 0.08 

+0'32 

+0.65 

+o.17 

+o'q3 

+ o a  1 7  

+om19  

+ o ' o j  

+0'1.3 

+ 0.40 

+om18  

+ o m l o  

+om03  

+oeo8 

+ o * o ~  

+0'04 

18 18 17.19 +o'o6 -0.01 

- 0 . 0 2  

-0.01 

-0 .02  

-0.01 

-0.01 

-0.01 

0-16-0.02 

-0.03 

-0.01 

-o-or 

-0 .01  

-o.oz 

-0.01 

-0.01 

18  11 26.22 

$ .- 4 

e 
. 
6 

' I  + o  08 

+0'06 

+0.06 

+ o . t r  

c 
?! '3 
E E  , , - P  

Q 

+ 0.09 

+ o..?5 

+ o'zz 

I '  + o  45 

+0.20 

+0.33 

r 

-0.02 

-0.01 

- 0 . 0 1  

I 
18  28 33-71 

18 31 26.60 

18 35 35-63 

18 2 1  16 

18  40 rz.56 

18 42 l0.84 

1845  16.13 

18 48 45.10 

I 8 44 ,I I 

18 59 38.90 , 

18 59 39 

19 r 19.73 

19 I l o  

16 39 51-34 

16 41 a r . r l  

16 44 17.44 

16 46 11.97 

16 4.3 13 

+ o  06 

+ o e o i  

+0.06 

-0'06 

-0.06 

-0 O; 

- 0 . 1 1  

+ 0.06 

-0.06 

-0.06 

-0.11 

-0'06 

-0.06 
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TABZE W. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

-L 

Mean 

E ~ ~ ] ~  

T~ 

A m # ,  

I 

59 ' 

m e  

Ascanrion - B.A. 

A  J 

16 49 1'85 

16 50 48.06 

16 ga 44-73 

16 59 46.82 

17 4 24'03 

17 9 54-46 

1 7  lo 45'91 

17 13 43-66 

1 7  1646.59 

17 19 45-16 

1 7  11 a r e a t  

17 3331'45 

T X L ~ C O P X  KO. 1. T B A N ~ I T ~  AT GBKENWICH (W), Ld. 61' W, BY LESOX COSYNQHAM 

Correction lor 

Corrected 
Tirna of 

Declins Tmnsit 
Beme tion 2 4 

BY each 
Star - 

B.A.-T 
, 

r J 

+ o  58.8; 

+ O  58.86 

+O 58'8.3 

+O 58.85 

+O 58.94 

+o  58.87 

+O 58.88 

+ o  58-81 

+ O  58.85 

+ o  58.81 

+ O  58-83 

+ o  58.91 

1895 

July 21 

Clock Correction 

Mean by 
6t.n in 

1 ~ 1 ~ ~ ~ -  

nie~rtul 
Posit~on in 
eacl~ ~ r o u p  

r r  

+ O  58'853 

+ o  58'885 

+o 58'842 

0 t 

31 53 

18 36 

9 j r  

Mmn 

35 34 

40 39 

14 30 

a4 58 

Mean 

10 59 

jz 36 

a3 4 

4 14 

o 25 

?dean 

2632 Qr. 80 

2640 a, 

K Opkiachi 

2664 Or. 80 

2683 ,, 

a Hemulim 

8 Heroulk 

2712 Qr. 80 

W Hemulir 

2729 Or. 80 

r Opl~iuchi 

27% Gr. 80 

Daily 
&an of 
tI,e two 
1n6~ru- 
n'elltal 

m r  

+ o  58'86116 

5 

8 

S 

8 

S 

3 

8 

5 

8 

8 

8 

S 

u 

E 

E 

E 

. . . . . . . . .  

FT 

\V 

M' 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

. . . . . . . . .  

13 

14 

13 

I I 

13 

14 

8 

13 

I +  

1.3 

13 

14 

A m  J 

16 48 1.75 

16 49 48.95 

16 51 45-66 

164952 

16 58 4 7 ~ ~ 5  

17 3 25-10 

1 7  8 55-53 

1 7  9 46.99 

'7 5 14 

1 7  la 44'61 

17 15 47'49 

17 18 46.70 

17 10 aa.20 

c7  ar 3a.28 

I 7 18 3 

8 

J 

+oV07 

+oe06 

+oao6 

-0.07 

-0.08 

-0.06 

-0.06 

+oe06 

+om07 

+oeo6 

+om06 

+0.06 

J 

+ o m l j  

+ o - ~ a  

+O.IO 

+oS06 

+o.o6 

+oSoq 

+0.05 

co.10 

+oars 

+o.1.3 

t0.09 

+oa08 

J 

+ oSoj  

+ 0.08 

+ 0.9 

+ 0.05 

+ 0.03 

+ 0.09 

+ 0.07 

+ 0.09 

+ 0.05 

+ 0.0; 

+ 

+ 0.11 

-0.01 

-0.01 

- 0 . 0 1  

-0 .02  

- 0 . 0 2  

-0.01 

-0 .01  

-0.01 

-0 .02  

- 0 . 01  

0.10-0-01 

-0 .0~  

A m  8 

16 48 1.98 

16 49 49'ao 

16 51  go 

16 58 41-97 

17 3 15'09 

17 8 55'59 

1 7  9 47-04 

17 I S  44.85 

17 1547.74 

1 7  18 46.95 

17 a0 aa-44 

1 7  za 3a.52 
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TABLE IF7 TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK COSRECTION. 

I 

Tsansrrs AT ORKENWICLI (W), Lut. 61' 29', BY LENOX COXYSGHAY 

Correot.ed 
l'i~lie of 
Tru~lsit 
,T 

h m  r  

I; 37 21 -36 

17 41 25.02 

17 4; 37.77 

17 4; 43.65 

1 7  50 46.72 

I ;  51 4a.98 

18 31 17'08 

18 35 36.14 

!8 45 16.29 

16 38 21.47 

16 39 51.19 

16 42 21.96 

16 44 17'42 

16 46 21-94 

16 48 a.95 

16 49 49.16 

16 51 45.85 

4 

0 .- 
:: 0 

$ 8 
Y 

4 

.z 5 
4 .- 

- 
d 

q E . 5 ;  
I 
G 

Mean 

Ep0c11 

- Tw 

A m r  

a8 l a  3.3 

1895 

Jul J 21 

July 22 

I 

wrru 

Right 

Ascension - H.A. 

Am r  

I ;  38 ao.18 

17 qa 13.83 

17 36.58 

17 48 42-60, 

1 7  51 45.86 

17 5241'89 

18 33 25.90 

18 j6,34.9z 

18 46 15.1a 

16 39 20'47 

16  40 50.21 

16 43 21-14 

16 45 16.29 

16 47 20.84 

16 49 1.84 

16 50 48-05 

16 52 44-72 

Gtar 

N8me 

-2 
I. 0 

3 
0 - 
$ 

- 
& 

Declina- 
tion 

Ts~rrsco~s NO. 1. 

Observed 

Time of 

Transit 

By encL 
stur - 

R.A.-T 

m r  

+ o  58.82 

+ o  58-81 

+ o  58.81 

+ o  58'95 

+ o  59-14 

+ O  58-91 

+ O  58.82 

+ o  58.;8 

ko 58-83 

+ o  59'00 

+ o  58-92 

+ O  59.18 

+ o  58.87 

+ O  58.90 

+ O  58.89 

+ o  58'89 

+ o  58'8; 

5 Ophiuohi 

p Herculir 

2814 Qr. 80 

2 8 9  Or. 80 

[ Dmconu 

B Herculh 

a Lyrm 

2988 Or. 80 

8' Lym 

r )  Herculia 

2616 Gr. 80 

Qrooli~. 2377 

2623 Qr. 80 

49 Herculu 

2634 Or. 80 

2640 1, 

K Ophiuchi 

8 

14 

14 

15 

15 

9 

1.3 

14 

1 2  

14 

1 2  

10 

11 

14 

I j  

13 

10 

Clock Correctiun 

Ueun by 
Gtnrs ill 

LIILIIIO 

1natr11- 
riie~rtal 

l'osibion ill 
al~clr ~ r o u p  I 

a J 

+ o  58.813 

+ o  59'000 

+ o  58-800 

4 37 

17 47 

h5 40 

Mean 

40 o 

56 53 

7 16 

Mean 

38 41 

- 9 09 

Yean 

33 14 

Meall 

39 7 

8 47 

56 58 

7 26 

15 9 

31 53 

18 36 

9 32 

Yean 

h m  r  

17 37 ~ 1 . 2 8  

I ;  4r 14-89 

17 43 37'70 

I 7 40 48 

1 7  47 43-35 

I ;  50 46.17 

1 7  51 41'70 

17 50 4 

18 31 27-04 

18 35 36.05 

18 34 a 

18 45 16.01 

1845 16 

16 38 z1sj7 

16  39 51-30 

1 6  42 12-17 

16 44 17.43 

16 46 21-96 

16 48 3-03 

16 4949'19 

16 51 45.86 

1645  7 

c 
3 2  

. "  
E J  
C 

I,aily 
Meall of 
Lhe two 
lnstru- 
l"?".k' 

Posltlo"' 

m r  i 
8 W 

8 l$ 

9 W 

. . . . . . . . .  i 
8 E 

S E 

S E 

. . . . . . . . .  

8 W 

8 W 

. . . . . . . . .  

8 E 

. . . . . . . . .  

8 W 

8 W 

N W 

9 W 

8 W 

8 W 

8 W 

8 W 

. . . . . . . . .  

for 

. d 

6 

- - s. ,: - - 
8 

Correclioll 

- 
f 

+ o  58'830 

+ o  58'940 

a 

-0.01 

-o:ol 

-0.0: 

- 0 . 0 2  

- 0 . 0 2  

-omon 

-o.oa 

-0.01 

-0 .02  

-0 .02  

-0.01 

- 0 . 0 2  

-0.01 

-o.or 

-0.02 

-0'01 

-0.01 

+ o  58.861 

r  

+ 0 . 1 0  

+ 0.06 

+ 0.0: 

+ 0.04 

- 0 . 0 2  

+ 0.04 

+ 0 . 0 4  

+ 0.12 

+ 0.05 

+ 0.04 

+ 0.09 

- 0 . 0 2  

+ 0.09 

+ 0.08 

+ 0.05 

+ 0.0; 

+ 0.09 

r  

-'o-06 

-0.07 

-0.06 

+o.o8 

+ O . I I  

+o'o; 

-0.07 

-0'06 

+oao7 

-0.08 

-0.06 

-0.11 

-0.06 

-0'06 

-0.07 

-0.06 

-0-06 

8 

t o . 05  

+0.08 

+o ,o7  

+o.ao 

+o.28 

+0.19 

+o.o9 

+omo4  

+om18  

-0'04 

-0.03 

-0.06 

-0.0.3 

-0'03 

-0.04 

-0.03 

-0.03 
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TABLE rP. TRAPU'SITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORREC!TION. 

i 

d 

.!G - 5 a - 
Q 

1885 

July 22 

. 

i 

QREEXWICH 

? 
r : 
d 
z 

14 

1.3 

to 

9 

14 

14 

1 2  

3 

2 

13 

13 

1.3 

15 

1.7 

15 

9 

8 

.- g * 
a. 

9 
? 

u z ;  

u 

E 

E 

E 

E 

E: 

B 

E 

E 

li 

I< 

. . . . . . . . .  

W 

W 

W 

Vi 

\V 

W 

. . . . . . . . .  

E 

. . . . . . . . .  

TBANBITB AT 

Mean 

Epoch 

Tw 

l i m a  

r7 19 4 

48 f l  

- 

CONYNQHAM 

Corrected 
Ti~no of 
Transit 
=T 

h m  a  

16 58 47.90 

17 3 25.06 

17 8 55'58 

1 7  g 47-05 

17 37 21.28 

17 41 24.84 

18 21 26.50 

18 40 11'64 

18 q r ~ r ' 1 7  

18 45 16.23 

18 48 43-18 

18 59 39'23 

19 r 19-85 

19 2 55.69 

19 6 3-61 

19 7 29.53 

19 lo  13.64 

19  11 47.32 

Star 

2664 Or. 80 

2683 ,, 
4 Eerculia 

8 Herculia 

B Opliiucl~i 

p Herculia 

b 3raconis 

110 IIerculis 

3016 Qr.80 

S' Lym 

o Dr~~conis 

{ Aquilm 

3092 Or. 80 

3101 ,, 
3107 ,, 

3113 ,, 
3123 ,, 

L P  

TBLB~COPE NO. 1. (W), 

Observed 

yil~le of 

Transit 

h m  a  

16 58 47.67 

I; 3 24.82 

1 7  8 55'35 

1 7  9 46.8.7 

17 37 "'04 

1 7  41 24'57 

18 21 26.10 

18  40 12.39 

1842 30.91 

18 45 15.96 

18 48 4a.84 

I 7 54 21 

18 59 39'22 

19 I 19.86 

19 2 55.67 

19 6 3'58 

19 7 29.50 

19 lo 23.61 

19 439  

19 11 47.05 

19 I I 47 

WITH 

Right 
Ascension - B.A. 

A m  a  

16 59 46-81 

17 4 24.02 

17 9 54-45 

1; 10 45.92 

17 38 20.18 

17 42 23.82 

18 2 2  25-46 

1841  11-57 

r84330'01 

18 46 15.11 

18 49 42.00 

19 o 38'14 

19 2 18.73 

19 3 54'54 

19 7 2-42 

19  8 28'28 

19 r l  22-47 

19 12  46.24 

Alean tlie two of 
Instru- 
nl?l.tal 

m r  

+ O  58.921 

58.87918 

' J  Gtnr eacl' 

- 
R.A. -T 

m a  

+ o  58-91 

*o  58'96 

+ O  58.87 

+ O  58.8; 

+ o  58.90 

+ o  58'98 

+ O  58'96 

+ o  58'9.1 

+ O  58'84 

+ o  58.88 

+ o  58.82 

+ o  58-91 

+ o  58.88 

+ O  58.8:. 

+ O  58 80 

+ o  58-15 

+ o  58.8.3 

+ o  58-91 

3; tion 

Lot. 0'1' 2Y, BY LENOY 

Clock Correction 

Mean by 

111stru- in 
~ner~ta l  

Position i l l  

each Grollp 

m r  

+ O  58.902 

+ O  58.837 

s 

+ o  5 8 ' 9 2 ~ ' + ~  

0 ,  

35 34 

40 39 

14 30 

24 58 

4 37 

27 47 

58 44 

t o  27 

-20  27 

33 14 

59 16 

Mean 

13 42 

24 5 

5 54 

- 8 7 

2 7 

4 39 

Mean 

37 57 

Mean 

.: 
, 

6 

a  

+ 0.0; 

+o'oR 

+0.06 

+0.06 

+0.06 

+ 0.0: 

+ O ' I  I 

+o.o6 

+o.oG 

+o.o;  

+ O . I  I 

-0.06 

-0.06 

-0'06 

-0.06 

-0.06 

-0.06 

+oa07 

8 

S 

S 

8 

S 

S 

N 

S 

8 

S 

h' 

8 

8 

8 

8 

S 

6 

5 

Correction 

= : z C  

8 

+0.14 

+0.15 

+ O . I O  

+ O ' I  I 

+ o . l o  

+0.15 

+o.zh 

+0.13 

+ o . o j  

+ O . I ;  

t 0.29 

0.00 

0.00 

o'oo 

0.00 

0.00 

0.00 

+o'18 

for 

.- . 4 g 

6 

a  

+ 0.04 

+ 0.03 

+ 0.08 

+ 0.06 

+ 0.09 

+ 0.06 

- 0.03 

+ 0.0; 

+ 0'13 

+ 0.05 

- 0.03 

+ 0.08 

+ 0'06 

+ 0.09 

+ 0 . 1 1  

+ O . I C  

t 0.01, 

+ 0 . 0 4  

E 

- 0  a,: 2 $ 

E 2  
4 

a  

-0.02 

-0.01 

-0.01 

-0.01 

-0.01 

- 0 . 0 1  

-0.01 

-0.01 

-0.01 

-0.01 

-0.0.3 

-0.01 

-o.ol 

-0.01 

-0.01 

-0.01 

-0.01 

-0 .02  
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' Observations of Transits of the same Stars at both Stations, and Dedwtiota of the 
Dgerertce of Corrected Times. 

Ae no Longitude etars were observed on this arc, thii table does not occur. 
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EXPLANA'l'lON OF T D L J  PI. 

Deductiota of Clock Bate Correction. 

From the results contained in Tables I11 aud IV, the clock rate correction can now be deduced. 

Column 1 contains the name of the arc. 

,, 2 coritains the approximate difference of longitude in minutes and seconds. 

,, 3 contains the date. 

,, 4 contains the observed clock correction as deduced from observ7rations of clock stars in Table IV. 

,, . 5 contains tile epoch to which the foregoing correction corresponds, taken also from Table IV. 

,, 6 contains the hourly clock rate correction as deduced from observation of clock stars. To obtain 
this the rate from day to day is computed by dividing the difference between two cor~sec~itive 
clock corrections, in column 4, by the number of l~ours between the epochs, as given in 
column 5. Then the meall of two cousecutive rates is taken aa belonging to the date 
which lies between them. 

As no longitude stars were observed on this arc, columns 7, 12 and 17 are blank. 

,, 8 contains a repetition of the quantity in co lum~~ 6. 

,, 9, 10, 11 and 13 contaiu similar quantities to those in columns 4,5,6 and 8 but for the other atation. 

,, 14 contains the relative hourly clock rate during each night deduced from the clock comparisons, the 
value entered is the mean of all tlie values appertaining to the night, contained in the last 
column of Table 111. 

We have now the hourly rate of each clock derived from star observations, and also the relative hourly 
rate of the clocks derived from the clock comparisons. I t  is clear that the last should be equal to the . 

algebraic difference of the Erst two, i.e., using the notation given on the Table, we should have 

Hence in forming the final value of the hourly clock rate we take He = f (he + h, - R), and the 
resulti~lg value is entered in column 15. 

Similarly H, = f (h, + h, + R), which is given in column 16. 
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TABLE 71. DEDUCTION OF CLOCK RATE COltRE(:TION. 



A R C  P O T S D A M - G R E E N W I C H .  

EXPLANATION OF TdBLE VII. 

Retardation of the Electric Cicrrewt. 

The retardation of the electric current computed in this Table does not enter into the difference of 
longitude, but much interest attaches to its value, and clearly auy abnormal result would throw doubt upon 
the accuracy of the clock comparison whence i t  was deduced. , 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 contaius the time by the East or Potsdam clock corresponding to the middle of the period during 
which a comparison was beirrg made at Potsdam, that is, during which Greenwich was 
transmittirrg signals to Potsdam. 

I 

,, 4 contains the time, still by E. clock, corresponding to the middle of the period during which Potadam 
was transmitting signals to Greenwich. 

,, 5 contains tile interval between the times given in columns 3 and 4. 

,, 6 and 9 contain the differences between the clocks as observed at Greenwich and Potsdam respect- 

ively. 

The differences given in columns 6 and 9 have to be reduced to the same epoch and to do 
this the difference observed at Greenwich receives a correction equal to the relative hourly 
clock rate, taken from the last column of Table 111, multiplied by the interval given in 
column 5 reduced to the decimal of an hour. This correction and the corrected difference 
between the clocks as observed at  Greenwich are given in columns 7 aud 8. 

,, 10 contains half the difference between columns 8 and 9. 
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TABLE VII. RETARDATION OF THE ELECTRIC CURRENT. 

* A new relay bat of the name pattern was used . a n h e  30th and &&ward& 

L 

,c 
Q 

Difference 
bet ween 

t11e 
Clocks 

as 
Observed 

at 
Qreenwich 

a t ,  Interval of 
Compr~son by E Clock Time 

between 
Astronomical t l ~ e  

Data Cornpar~son 
at i'obdum 

Potsdarn Qreunwich and Greenwich 
0 I 

' 

Correction 
for 

1hl,ive Clock 
Rate 

d~~~~~~~ 
I 

8 

+ 0'004 

- -002 

+ ,001 

- -002 

'002 

'007 

-001 

+ *OOS 

- -001 

Differance 
betwerl~ the Clocka 

: as Observed 
at Grm11iv1e11 Observed 
corrected for 
Clock Bate Poledam 

Retardation 
of tll0 

Current 

h n  8 

o 51 13.111 

1a'7oz 

13. 7.35 

s 2- 686 

0.307 

ra-700 

10-9.;5 

r o*ggo 

60-970 

29 15 50 9 1 5 3 1  14 + 47 55 

n 

1896 
June 21 

,, 22 

n n 

91 ,, 
n 23 

a 

0.147 

~ 1 6 0  

' 1.34 

'153 

'155 

'135 

# 180 

. I ~ I  

'151 

h a  r 

o 51 13'1r6 , 

11-700 

12.736 

ta-68) ' 

12.305 

I I '693 

10.934 

10'992 

10'969 

'152 

'15a 

-145 

0 . 1 ~ 2  

.la8 

'133 

'108 

' 1 1 1  

' 154 

-156 

.I57 

-167 

'I49 

'141 

'144 

.146 

-162 

-151 

'155 

'149 

- 1 4 ~  

.1.?2 

-148 

'sgr 

' 148 

'15' 

A m  a 

o 51 13.410 

13.0~0 

13'003 

12'990 

12.614 

11 '96.3 

11 -29.3 

11 '27.3 

11.271 

10.297 

10'294 

10'001 

o p 9.670 

.9'676 

5'075 

S ' I W  

5'063 

4'177 

4-19.? 

4.182 

4'157 

3'528 

3' 201 

1 ' 793 

2'779 

2'747 

1'399 

1 '99.3 

1 '995 

I. ;OD 

5.681 

t -680 

1 '3 1.4 

0.906 

0.461 

i n  a m s 

18 ar I j  18 32 14 - lo 59 

~0.301 a 

ro.294 , 

10.600 

10.598 

10- tgt 

o 52 9.91 J 

9'931 

5.340 

5'315 

5-285 

5'085 

4.505 

4'495 

4'490 

3-82 j 

3'485 

3.080 

j 'ojo 

3-oio 

1 . 7 0 0  

2.301 

1.292 

1.985 

1 '950 

~ ' 9 7 6  

1-61 5 

n-aoa 

0.765 

15 33 9 

16 SO 55 

18 a9 5 

15 45 4 3  ( 

'004 

'000 

n S 

a 

+ - m a  

- 0.001 

+ -001 

- * m a  

'DOD 

-005 

'005 

'00s 

-001 

'003 

.ooz 

+ -006 

- -003 

'001 

'003 

'POL 

*ooa 

'OW 

'001 

I -00s 

-OOO 

n ,, 7 6 3 '7 11 14 + 4 59 

19 ,, 1 8 3 5 1 3  1 8 ~ 9 1 2  + 6 I 

15 27 21 

16 45 9 

18 rz 21 

15 S I  

13 9 7 

- (6 SO 14 

'3 39 

16 r4 1.3 

ao~ooo : 

o 5% 9-671 

9'4115 

5'077 

5'JOO 
I 

5'068 

4'780 . 
4'195 

4-183 ' 

4-160 . 

3 ' 5-30 

3'J95 

2.396 

2.780 

l'750 

2-400 

1 '993 

1 '995 

- 1.703 

1.689 

I.~&Y 

+ 5 48 

+ s 46 

+ 7 43 

+ 5 51 

+ 2 9 4 5  

+ 3 59 

,I 

July 1 

23 

I, 24 

,, 25 

16 6 IS i a6 r r  - 4 59 8 

2 ; 
2 .  
z . 
3 : 

! l I  
y '  
2 
4 

16 54 4 

'8 ~8 6 

16 39 7 

4 7 

18 54 7 

16 46 7 

17 0 57 

18 19 t 

19 39 f 

17 a , a  

47 J 57 

1 7  2 5 7  

'8 4O 5 

n 

" 92 

,, 
n ,, 

1'313 

0.908 

0 . 4 6 ~  

17 10 4 

17 25 3 

17 3 i  3 

+ -001 
\ - '002 

'001 

1 6 4 8  1-3 

18 12 13 

16 33 I 

17 4 1 5 8  

18 44 1 

16 -3% a 1 
m 
.4 . 
I& 

+ 5 51 

+ 5 53 

+ 6 6 

+ 3 9 

+ 10 5 

+ 14 5 . n 99 

D ' n  15 

n ,, 
n 

n 17 

n I 8  - 

19 19 

n ,, 

n n 

2 0 ,  
I 

21 

n +, 

IS 22 

Is 

49 I 

17 14 5 
I 

17 17 58 

17 .?a 58 

+ 4 5 8  1 1 "  4 

- 4 I 

* f 5 

* 4 5 

16 51 56 

18 13 10 , 

19 25 P I 

1 6 5 1  a !  

13 a9 57 

1 6 5 6  7 

18 35 7 

19 i 6  7 

17 f 6 

+ 9 I 

* 6 67 

+ 8.3 

+ 10 o 

- r 8  o 

r 1 1 5 0  

+ 4 58 

15 58 

1 7 1 z  6 

'9 '5 1 

J7 14 $8 

~8 16 4 

49 25 3 

17 4 3 

a9 10 3 

J7 11 6 

18 IS 6 

a9 29 6 

+ 8 s 

+ 5 4 

+ 3 5 1  

+ 3 48 

- 4 3 
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EXPLANATION OF TABLE 7111. 

Reduction of Clock Correction8 and Clock Cornparborn to the same Epoch.  

Having now obtained the clock corrections at different epochs on each night, and also the differences 

between the clocks at other epochs, it remains to reduce them both to the same epochs. 

This table deals only with obeervations of clock stars and the attendant comparisons. 

Column 1 contains the date. 

,, 2 contains the time in terms of the Potsdam clock at which the clock comparison waa made (taken 
from Table 111). 

,, 3 contains the time in terms of the Greenwich clock at which the clock comparison was made (from 
Table 111). 

,, 4 contains the observed difference between the clocks (from Table 111). 

,, 5 and 6 contain the mean epochs of the clock corrections at the two statiom (from Table IV). 
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ESPLAPU'ATION OF TABLE PIII.-(Contit~ued). 

Column 7 contains the difference between columns 2 and 6. 

,, 8 contains the  difference between columns 3 and fL 

9 and 10 contain the clock corrections at  the epochs given in columns 5 and' 6. (from Table V),t 

,, 11 a d  12 contain the llowrly clock rates (from. Table VI). 

,, 13 and 14 contain the corrections for mtc? for-tlre periods entered in~columns 7 and 8. respectively,. 
that is, the product of columns 7 and 11, and of columnk 8 and L2. 

15 and I6con&in t h e  sum* of columns 9. and 13 and of columus 10 and 14. The quantities- 
obtained being the clock corrections a t  the epochs of the cornparisous,. thnt is, a t  the. 

epochs contained in colu~nns 2 and 3. 

I n  columns 5, 6; 9 and 10,will be noticed certain entries in itsli'cs; their meaning i4 as follows-:- 

I t  not unfrequently happelled that owing to passing clouds IIO group of clock star observatio~is cor-- 
responding to one of the clock comparisons was obtained a t  one.station, though at the other nothing was. 

missing. Gapa of this nature,were therefore filled by interpolation; thus in column 5 .  or 6; acoording as. 

the potsdam or G,reenmich obeervatio~is were incompletej was entered the epoclr of the clock.comparison~ 
from colu~irn 2 or 3 as the case might be, and then the clock correction at this epoch mas. deduced from the. 
nearest value, in column 9 or 10, by applying the rate correctior~ from column 11 01. 12, for the interval, 
separating the required epoch from that of the clock correction used. Epochs thus inserted whiclr are no@ 
those of any actual sets.of observations, and the values of the clock correction.deduced for them, are printed, 
in italics. 
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TABCX 7ZIL BEDUCTION OF CLOCK CORRECTIONS 

A 

Date 

Difference between Timm 
of Epochs of Clock 

Oorrwtiun at~d Compnrison - 
Potadam 

! 
I 

Y 

Greenwich 

1896 

June 21 

IS 22 

BI 11 

I* ,, 
9 27 

)I , 

H 

H 

91 + I  

J I I I T  1 

,I ,, 

Difference 
betweell the , 

Clocka st 
the 

Epoch of 
Clock Con~priaon 

Frortl 'Xl~ble I l l  
l e a n  R p c k  

ei Clock Correct IOU f m ~  
Time of Clock 

by Potsdam 
Clock 

!Cable 

P o t d u n  t 

h m  8 

o 51 13.261 

12.861 

12.869 

r 1.838 

xl.114 

11.r32 

11-121 

10'451 

10.446 

Comparison 

by Oreenwieh 
Clock 

A n  r 

18 a645 

15 30 15 

164s 2 . 
18 a5 13 1 
r6sa 14 

17 u 44 
18 31 13 

1541 11 

17 ' 1  43 

1P 

Gmeawich 

A r e  

16 32 13 

16 80 16 

16 46 4 

18 57 59 

16 I 15 

16 48 36 

18 a8 5: 

l6 35 44 

18 11 o 

I 

A m  r 

'7 34 31 

14 38 a 

'5 55 49 

17 j; o 

15 -30 3 

16 11 13 

8 7  40 a 

I4 49 I 

16 19 -32 

Julr 12 

16 51  8 

18 J L  9 

I 

16 36 4 

17 U 3.3 

1 8 4 9  5 

1656 26 

18 16 9 

19 31 8 

17 r 2 

1 8 3 7 3 6  

3 0 3 6  

1 7 8 4  

1 9 1 2 3 5  

17 1.3 2 

18 I4 5 

I9 27 4 

,, I 

,I w 

a 15 

I, 

.I 

,, 19 

#I u 

Pa 

I8 21 

H 9, 

II 

.# 14 

I9 * a  

$ .  

15 58 59 

17 13 0 

, 
I 

15 43 39 

16 52 27 

' 7  56 59 

16 4 12 

17 54 4 

18 40 3 

16 9 59 

17 45 3.3 

19 1 8  3 

16 16 a 

18 33 

16 51 o 

17 3 

18 35 3 

i r e  

+ 1 9 30 

- 0 z b 1 4  

- :s a s  

+ 40 55 

+ 87 n, 

- 6 4 5  

o 

- 5 39 

- U 0 

A -  8 
I 

15 35 1 

15 4 16 
I 

16 7 59 

16 5' 5 

15 'a 43 

16 28 18 

17 40 3 

14 54 4O 

17 3 3' 

A m .  

+ r 54 33 ; 

o 

+ o I 58 

- 3% 46 

+ a059 

+ 1 5 8  

+ 3 22 

44 33 - 
- 3 9 1 7  

9'79.3 1 
9-80) 

0 5s 5 ' 2 0 9  

5.~08 

5.177 

4'350 

4'339 

4'.125 

2.938 

1.925 

1.910 

1.149 

2.144 

1.844 

1.820 

1.828 

'6 56 30 

18 16 9 

16 5% 7 

17 29 ro 

18 49 6 

17 13 50 

19 16 9 

18 54 3' 

1 7 a  a 

18 6 39 

20 3 6 

17 8 4 

18 17 40 

16 51 I 

18 at 16 

19 a7 4 

+ 38 3 

+ s3 I. 

o 

+ o  o f 6  

- lo t5 

o 

+ 33 13 

+ 3% 41 

- 49 24 

+ 1 2  as 

+ 31 54 

- 43 4 

+ 8 o 

o 

+ a 19 

- 1 3 4 9  

'5 37 56 

16 59 59 

16 43 69 

16 51 51 

18 17 24 

16 4 23 

'6 5 0  51 

18 7 zr 

16 59 23 

' 7  33 11 

18 38 9 

16 59 6 

18 1 2  33 , 

1 6 2 1  0 

17 19 44 

18 48 52 

- 5 2s 

r e  

I 

- 0 2 3  3 

+ 1 5 1 3  

o 

- 37 14 

o 

+ 37 36 

o 

+ 30 57 

o 

o 

+ 54 55 

+ ZI I 

- 8 21 

o 
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AND CLOCK COMPARISONS TO THE SAME EPOCHS. 

Clwk Correction from 
Table IV 

Clock Correotion at Mean Epoch 
of Clock Comparison 

Hourly Clock Rate from 
Table V I  

Comction tor 
Difference of Times 

P 

PoLdslq 

rn 8 

+ o 56.674 

0 67.356 

0 57'375 

0 57'390 

1 0-219 

r 0.125 

r 0.116 

1'174 

1 1.235 

r a - ~ z a  

1 9.136 

+ I 8.776 

1 8'795 

1 8.818 

I 10'083 

1 10.073 

I 10.108 

1 11.969 

1 11.995 

1 13.044 

1 13.949 

x ~ r - &  

r 13.432 

1 13'411 

1 13.398 

Pobdam 

.) # 

+ 0 56.727 

+ o 57.336 

+ o 57.375 

+ o 57.381 

+ I o - r j r  

+ I 0-119 

+ I 0.176 

+ 1 1.157 

+ I r - r l r  

+ I 1-1a1 

+ I 2.136 

+ 1 8.770 

+ 1 8.799 

+ r 8.818 

+ I 10.088 

+ I 10.oj.3 

+ I 10-IOI 

+ I 11'968 

+ I 1z.008 

+ I 12.044 

+ I 12.948 

+ I 12'977 

+ r 13.418 

+ I 13.413 

+ I 13'398 

Greenwich 

II 8 

+ 0 54'437 

+ o 54.605 

'+ o 54.611 

+ o 54'631 

+ o 55.701 

+ o 55'696 

+ o 55.706 

+ 0 55'979 

+ o 55'977 

+ o 56'348 

+ o 56.346 

+ 0 57'745 

+ 0 57'747 

+ o 57.718 

+ o 58.159 

+ o 58.130 

+ o 58.067 

+ o 58.617 

+ o 58.697 

+ o 58'675 

+ o 58.858 

+ o 58-861 

+ o 58.943 

+ 0 58.920 

+ o 58.884 

I 

Greenwich 

8 

+ 0'019 

- 0.001 

- 0.001 

+ 0'003 

+ 0-ooz 

0'000 

0'000 

- 0'001 

- 0.010 

+ 0.004 

+ 0.003 

0-000 

0'000 

- 0.001 

oSow 

- 0-011 

- o*011 

- 0.01 I 

+ 0.003 

+ 0'007 

- 0.004 

+ 0.001 

0'000 

- 0'001 

+ 0.005 

Gwnwich 1 Potadam 1 Gmnwich 1 Potadam 

8 

+ 0.053 

0-000 

0-000 

- 0.008 

+ 0-003 

+ 0.004 

0'000 

- 0.017 

- 0.023 

- 0.001 

0'000 

- ow06 

+ 0.004 

0.000 

+ 0'005 

0.000 

- 0.007 

0'000 

+ 0.013 

0'000 

0'000 

+ 0.013 

- 0.004 

+ 0 ' 0 0 2  

8 

+ 0.009 

+ 0-004 

+ 0-004 

+ 0.004 

+ 0.008 

+ 0-008 

+ 0~008 

+ 0'014 

+ 0.014 

+ 0.007 

+ o m w 7  

+ 0 - 0 0 2  

+ 0-002  

+ o'oot 

- 0'011 

- 0.021 

- 0.022 

+ 0.013 

+ 0.013 

+ 0.013 

+ 0.005 

+ 0-ooj 

- 0.023 

- 0.023 

- 0'013 

.) 8 

+ o 54'418 

0 54'607 

o 54.612 

0 54'619 

0 55.699 

0 55'696 

0 66.706 

0 55'980 

0 55'987 

0 56.344 

0 56'343 

+ 0 67.745 

0 57'747 

0 57'719 

0 68.159 

o 58.141 

0 58.079 

o 58'638 

0 58.694 

o 58.668 

o 58.862 

o 58.861 

0 68.943 

0 58.921 

0 58.879 

8 

+ 0.028 

+ 0.015 

+ 0.015 

+ 0.015 

+ 0.009 

+ 0.009 

+ 0-oog 

+ 0.023 

+ 0.013 

+ 0.011 

+ 0.011 

+ 0.017 

+ 0.017 

+ 0.017 

- 0.01 I 

- 0 .01  I 

- 0.011 

+ 0.015 

+ 0.025 

+ 0.025 

+ 0.014 

+ 0.014 

- 0 '012 

- 0'011 

- 



Reduclion qf CZock Comparisons. and the Di$erence+ between the Clock Cotrectiotzs 
to the mnae Epoch8 by. Intetyolation. 

As no longitude stare were ohserved on this. arc, this table does Bohoccur, 
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EXPLANATION OF TABLI X. 

Debuetion of the Difference of Longitude. 

Table VIIP contains all the data far computing t h e  dif£erence of longitude. 

Cdlkmn 1 col~tains the name of the arc. 

2 contains the date, . 
8 and 4 contain t6e. epochs for which d* are arailaB1e. The first on 4 night appertains to the 

clock star observations and is taken from Table BIII, alumna 2 and 3- 

b sndl 7 refer only to c W  star obaervartione, d contsia the d ' M  clock corrections conespond- 
trig to the epochs in columns 3 and 4 The entries are taken fmm. Table VIII, columns 
15 and: 1& - 

6 and 8 contain the numbers of stars observed. a& each &atim on each night, 

9 contaim the diffenence between the comections of the docks. This is equal to the difference 
bdween c o l ~  5 and 7, 

I 

10 colltaine the difirence between the docb by direct coqarison, at tTie epou61 given b column. 3 ; 
this quantity is te be found in column 4 of TaMe VIII, 

11 contaka the observed difference d longitude, which is equaL f a  t h e  wrn of the quantities in t h e  
t w o  preceding cohmna 

No elatry is d e  in the  column W e d  peraond. equation, f o r t h e i n t e r h n g e  d observers which: 
took place between July let and L2th causes the sign of the personal equation to be + during the first half 
of the obeervations and - during the second half, so that the final mean is free from ita effects. 

CdpnuL 1% contains the Final Difbence of Longitude andite probable etror. 
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TABLE X. DEDUCTION OF THE DIFFEltENCE OF LONGITUDE. 

Difference 

the 
Clocks 

by 1)lrect 
Compnaon, 
a t  the Epoch 

of 8 

Arc 

s s 
iC. 
W 
w 
Zi 

? 
z 
4 

9 
PI 

4 

t .- 
E 2 
O a 
~n 
4 

4 

Difference 
between 

the 
Correctlono 

of tile 
, 

Greenwich 

Deduced 
clock 

Corrrrt~on 
from Table 

VlII 

Final 
Difference 

of 
Longitude 

Observed 
D~fference 

of 
l o n p u d e  

NO. 
of 

Stam 

Ob, 
8 

5 - 
0 

+I 

(3 
a . % - 
EZ 
= 0 

I 

b 

Personal 
I C ~ U ~ I O ~  

' 

12 

83 

86 

28 

I8  

20 

28 

7 

8 

80 

Epoch Potadam 

Deduced 

o n  
from Table 

VIII 

BY 
Clock - T, 

111 8 

+ O  54'437 

54.605 

54.611 

54'632 

55.701 

55'696 

55 ' 706 

55'979 

55'9i7 

56.348 

56'346 

+ o  57.745 

57-74? 

57'7"3 

58.159 

58' 130 

58.06; 

58.627 

~ ~ ' ~ 9 7  

58 675 

58.8j8 

58.862 

58'94.3 

58'920 

58.884 

,, 22 

,, ,I 
IS 1, 

,, 27 

,I 1, 

29 

I, rr 

J u b  1 

n n 

July 12 

n ,s 

,I I S  

,, 16 

n I I  

18 n 

,, 19 

I,  rr 

I,  I S  

,, 21 

11 ,I  

,, 22 

IS 9 1  

r, 1, 

E 

NO. 
of 

Stars 

BY - T w 

15 

87 

84 

28 

28 

84 

21 

87 

I 

26 

1 4 3 8  2 

15 55 49 

17 33 0 

15 30 3 

16 21 33 

1 7 4 0  2 

I 4 4 9  1 

16 19 32 

15 58 59 

1 f 2 3  0 

15 43 59 

16 52 2 i  

17 56 59 

16 4 a2 

17 24 4 

1 8 4 0  3 

16 9 59 

17 45 33 

1911  3 

16 16 a 

18 2 0  3.1 

1621  o 

17 2 2  3 

1835 3 

1 5 3 0 1 5  

16 48 2 

18 25 13 

16 2 1  14 

17 13 44 

18321.3  

1 5 4 1  11 

17 11 43 

16 51 8 

1 8 1 5  9 

.16 36 4 

' 7  44 3.3 

18 49 5 

16 56 2 6  

18  16 9 

1 9 3 2  8 

17 2 2 

la 37 36 

2 0  3 6 

1 7  8 4 

19 12  35 

1 7 1 3  2 

18 14 5 

192 ;  4 

15.612 

15'633 

15'588 

15'645 

15.665 

15-691 

1 5 . 5 ~ 9  

15'681 

15.566 

15'594 

o 52 15.623 

0.0093 

0 5 2  16.234 

16.160 

16.277 

16.179 

16,282 

16'359 

~ 6 . 2 7 9  

16.236 

16.279 

16.239 

16.259 

16.319 

16.313 

~6 .342  

o 52 16.283 

& 0.0069 

57'356 

57'375 

57'382 

+ I  0'232 

0.229 

0.176 

1.157 

1 .212  

a.121 

2-136 

+ I  8.770 

8.799 

8.818 

10.088 

10.073 

10'101 

I 1.968 

1z.008 

1 2  044 

12  948 

12'977 

13.418 

13'41.3 

13.398 

o 2.751 

o a-;64 

o 1'750 

o 4-531 

0 4'533 

0 4.570 

o 5'1;8 

0 5'235 

0 5'773 

0 5 '794  

+ O  rr.025 

o I I . O ~ Z  

o 11-100 

o 11.919 

0 11'943 

0 12'034 

o 13'311 

0 13'311 

O 1 3 . 3 ~ 9  

o 14.090 

o 14.115 

0 14.475 

0 14'493 

0 14.514 

12.861 

12.869 

12.838 

11'114 

11.132 

11'121 

ro ' j51  

10'446 

9'793 

9-804 

Mean ... 
p.0. ... 

0 5 2  5.209 

5'208 

5'177 

4'350 

4'339 

4'325 

2 -9.38 

3'925 

a.910 

2'149 

2' I44 

1.844 

1.820 

1.828 

Mean ... 
p.e. ... 
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The prog~wrmne. 

The difference of longitude being 2 hours 34 minutes clock stars only were observed. An attempt 
was made at first to secure two clock comparisons per night, bat the difficulty of procuring direct commu- 
nication over the long lines between Potsdam and Odessa, and Odessa and Tehran was so great, and the time 
occupied so considerable, that the observers, feeling that they must exercise all possible moderation in avail- 
ing themselves of the concesvions granted by the Indo-European Telegraph Company and hy the German 
Government, decided to be content with one a~lly. The programme therefore resolved itself at each station 
into two careful determinations of the clock correction, the comparison taking place between them. 

Owing to unfavorable wcather and to a break of the telegraph line caused by a storm in the Cancaaus, 
the observations were s'cnttered over s long period, ciz :-from October 31st to December 13th. On the first 
two nights of observation, October 31st and November 1st' the clock at Tehran gave trouble, as pointed out 
in the foot-notes to Table 111. On October 31st after a certain number of stars had been observed the break 
circuit actioll failed, and the spring carrying the agate block and contact point was found to have worked 
loose and had to be tightened. The precise instant of the break of contact depends on the relative position 

, of the agate block a~rd  of the tooth of the wheel which strikes against it, arrd any readjustment is liable to cause 
a change in the clock's time as recorded on the chronograph. The results therefore of this night's observ- 
ations were received with caution, but being f o u ~ ~ d  to accord satisfactorily with the general mean they hare 
been retained. The opinion expressed by the observer was that the change of the instant of break of cir- 
cuit would not exceed OS.02. 

On November 1st the clock was wound before the clock comparison, and during the operation stopped 
for two seconds, the escapement wheel jarring back instead of continuing to revolve. The night's work was 
computed on the supposition that the loss of time was exactly two seconds, but the results were discordant 
and have been rejected. 

The clock continued to give trouhle always stopping when being wound and conseque~~tly it was after 
some days discarded and the break circuit chronometer taken into use. 
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EXPLAKATION OF TABZZ L 

Abstract of Determination8 of Collimation and Level Corr*ecth- Constantr. 

The firat three columns call for no  remark. 

Column 4 contains tha mean sidereal hour at which the several determinations were made. 

Column 5, headed C,, gives the reading of the micrometer when the collimator cmss is illtersected by the 
oelrtral transit wire, the telescope being in the position I.P.E. (i.e. Iliuminated Pivot East). 

,, 6, headed C,, gives the corresponding reading, the telescope being I. P.  W- 

,, 7, headed C,, gives the mean of the two preceding readings, i.e. f (C,+C,). C, is therefore the 
reading of the micrometer when so set that the centre wire b truly collinlated. 

,, 8, headed C,, gives the reading of the micrometer as set during the observation of star transits, 
This setting was arbitrary and was not changed in either instrnment througholat the arc. 

,, 9, headed c,, gives the colli~nation correction-constant for the position I.P.B. e. is equal t o  
ca- c,. 

,, 10, headed c,, gives the corresponding correctionsonstant for the position I. P.  Z.1: c, is equal t o  
C, - C,. 

Coltlnmn 11, headed Me, gives tbe r ead i~g  of the micrometer when the centre wire and its reffection from 
the mercury t l x ~ g h  coincide, tlie telescope being in the position I.P.B. 

), 12, headed M,, gives the carresponding r ed ing  when the telescope i s  in the position I.P. W. 

,, 13, headed M,, gives the mean af the two preceding readings, i.e. t (&I,+ M,). 

This quantity is not used in the computations bnt it should remain constant and therefore affords a 
valuable safe-guard against blunders in reading Me and M,. The nature of the quantity is discussed in  
Chapter IV .  

Column 14, headed be, givea the level conrection-constant ffw the psi t ion I .PE.  be i s  equal t o  C,.-Me. 

15, headed b,, gives the corresponding correction-constaat for the pasition I.P. W .  b, ia equal t o  
M,-C,. 

A mean of the values of C, on any night i s  taken, and ca and e, are found by taking the difference 
between this mean and C,; but the level is not stable and the same values of b, and I), are uot always. 
retained for the wliole of a night's observations. I t  will be noticed that the valne of C, vaaies greatly 
between October Slat and Xovember 4th. This was due to  movements of the wire diapliragm made 
intentionally. 

On ~ o v e m k r  6th two ialues of C, are used; this is because a change in the position of the 
central wire was noted by the obeerver at the time, 
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TABLE 1 ABSTRACT OF DETERMINATIONS OF COLLIMATION AN11 LEVEL COItRECTION-CONSTANT& 

- 
t .- 
2 g 

1 
C 

1895 

Oct. 31 

Nor. 1 

,, 4 

,, 6 

I, 2s 

I 

3, 28 

Me 

d 

1183.~3 

1184.4 

I 184' 1 

1341'3 

1341'5 

1340'1 

17r3-7 

t713.r 

1710.3 

I 

17ta.8 

1700-a 

1699.0 

1699.1 

I7OO.O 

1700.5 

1703.9 

1703.1 

1704.1 

1703'8 

I;o~-5 

B 
0" 

tz: 
~4 

i":" 
k m 

a 5 5  

5 la 

7 8  

a 3 5  

3 50 

6 55 

a 45 

4 15 

a 50 

4 15 

6 30 

4 35 

5 35 

6 1 ;  

7 20 

8 5 

. 
4 4 5  

5 25 

5 58 

7 45 

8 25 

g .- 
d r 

z 
4 
c 

a 

M. 

d 

rlS.+-a 

1182.7 

t 183-7 

Mean 

1355'3 

1356.R 

1356.4 

Mean 

1701.7 

1701.7 

Mean 

1704.5 

1705.9 

1704.5 

Mean 

1718.0 

-1717.9 

1718.5 

1717'3 

1717.6 

Mem 

1714.1 

1713'7 

1714'0 

1713.5 

1713.6 

Mean 

.u 
a 

a 6  

$ 4  

h " 

R 
0 

g 
B - 
b 

4 
~ j l  
a 

'a 
8 
z 
x 
a 

Z 

+ n 
4 
U 

c. = 

C.-C. 

d 

+ 0'5 

+ 0'9 

- 1-3 

- 2.8 

- 4.7 

+ 0.6 

+ 0.3 

Level 

M. 

d 

1183.7 

1183'5 

I 183.9 

1183.7 

1348.3 

1.349'2 

1348.3 

1348 6 

1707 7 

1707.4 

1707.6 

1707'4 

I79.5 

1708.7 

1708.5 

179.1 

1708.5 

1708'8 

1708.7 

1709.1 

1708.8 

1709.0 

1708.4 

1i09.1 

1708.7 . 

1709.1 

1708'9 

G - 
C.-C. 

d 

- 0.5 

- 0.9 

+ 1.3 

+ 2-8 

+ 4.7 

- 0.6 

- 0.3 

b e -  

C.-M, 

d 

+ 0.6 

+ 0.2 

+ 7-7 

+ 8.3 

- 6.1 

- 2'5 

- 3'3 

+ 9.6 

+ 5.8 

C. . 

d 

1214.4 

1a13.6 

... 

1373'5 

1372'5 

1371.7 

1721'9 

17zt.3 

I 

1722.9 

1721.8 

1755.9 

... 

... 

... 
1755.8 

1769.3 

... 

... 

... 
1769.5 

k -  

M,-C. 

d 

- 1.0 

- 1'3 

+ 7.0 

+ 7-5 

- 5.6 

- 3.3 

- 4-5 

+ 8.5 

+ 4.1 

C. 

d 

r184.a 

1184.8 

... 

I 184-5 

1348.7 

1349.3 

1349.2 

1349.1 

1707.a 

1707'4 

1707.3 

1707.8 

1710.2 

1709.1 

I 709.7 

1709.1 

... 

... 

... 
1709.6 

1709.4 

1709.6 

... 

... 

... 
1709.8 

I 79.7 

C- 

d 

1154.0 

1155.9 

... 
Mean 

132.3'8 

1.326 0 

1.326.6 

Mean 

1692.5 

1692.4 

Mean 

1696.4 

1697.5 

1696.3 

Yea11 

1662'3 

... 

... 

... 
1663-3 

Mean 

1649.8 

... 

... 

... 
1650.1 

Meal1 

Collimalion 

C. 

d 

1185'0 

1350.0 

1705'0 

1705'0 

1710.0 

1710-o 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLLIMATION -4ND LEVEL CORRECTIOK-CONSTANTS. 

: 

4 
a 
.- 

gg 
;a 
4 

4 

1895 

Oct. 31 

NOT. 1 

,, 4 

1s 6 

I, 26 

,,a 

+ 

T 
a &  
;s 
55 
2 3  
0 

- 
W 

6 
8 
t - 
5 
9 - 
4 * x  
E 
'a 
P1 

5 
4 
3 
PI 
4 
U 

- 
.E = 
;j 

Sl 
, <  
h - 
"2 
i9 
3 
& 

L 
~7 m e  
c o  cg 
3" 

h n, 

o o 

a 5 

4 11 

o 3j 

6 

4 1 0  

r o 

2 30 

4 0 

L; 8 

2 3 0  

I 55 

3 47 

4 35 

1 45 

4 0 

5 5 

C. 

d 

1603.5 

1602.9 

1601.1 

1603.7 

1603~2 

1602.4 

1600.5 

1601.6 

1600.8 

1600.7 

1600~1 

15g8.2 

... 
1596.8 

1597.1 

... 
1594'9 

b, - 
M,-C. 

d 

+ 0'5 

- 0.6 

- 0.1 

+ 0.1 

- 0.8 

+ 0'1 

Coll~mation 

C- 

d 

1580.0 

r 582.1 

1581.9 

Mean 

1581.6 

1582.3 

1583'4 

Mean 

1583.5 

1582.4 

1583'7 

Mean 

1581'5 

1584.1 

Mean 

1587.4 

... 
1589'5 

Mean 

1588.2 

... 
1j89.1 

Mean 

b. - 
C.-Me 

d 

- 0.6 

+ 0-3 

- 0.5 

- 0'3 

+ 0.3 

- 0.7 

Me 

d 

1592' j 

1591.7 

1593.2 

1591'4 

1593.2 

1.591'9 

I 593.0 

1592.0 

1592.8 

1592'7 

1591.6 

1591'3 

1593.0 

1593'8 

159.3'0 

1592.6 

1593'7 

Ce M, 

d 

1593.1 

1592.7 

1591'3 

Mean 

1591.8 

1592.2 

'592'7 

Mean 

1590'8 

1j92.6 

I j92.5 

Mean 

I jgz-I 

I j91.9 

Menn 

1592'9 

1591.7 

1592.0 

Mean 

1592'9 

1593.0 

1591.7 

Mean 

C, - 
C.-C, 

C. 

Level 

U o  

d 

I 592'8 

1592.2 

1592.3 

1592.4 

1592~1 

1592.7 

1592'.3 

1592.4 

I j91-9 

1592.3 

1592.7 

I jgz ..z 

1592'4 

1591.8 

I j92.1 

1592'1 

1592.4 

1591.9 

8592'5 

'593'0 

1592.8 

1592.7 

I 592.8 

d 

+ 0.1 

- 0.8 

-0'1 

+ o - I  

-1.0 

- 0'4 
, 

ce - 
C.-C. 

d 

- 0'1 

+ 0.8 

+ o a r  

I 

+ I * O  

+ 0.4 

d 

1591.8 

1592-5 

1591.5 

1591.9 

1592.7 

1592.8 

1592.9 

1592.8 

1591.0 

1592'0 

1592.3 

1592'1 

1591'6 

1592.l 

1591'9 

1592'8 

... 
'j93.l 

1593.0 

1592.7 

... 
'592.0 

lj92.4 

d 

1592.0 

1592.0 

1591.0 

1591.0 

1592.0 

1591.0 
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TABLE I. ABSTRACT OF DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 

- 
d, .- 

5s 
Y 

4 

1895 

1)ec. 5 

9,  7 

r, 10 

9 ,  13 

e .o 

5 
p: 
z 
w " 

a 
L o  

P 

- 
r( 

$ 
5 
9 - 
0 e 
;I 
-t 
z 
0 
z 
a 
'A 

8 
z 
FJ - 
< 

4 
o 

C. 

d 

1785.0 

... 
1784'8 

... 
1785.0 

1795.6 

... 

1806.6 

1807.3 

1808.0 

... 
1808'4 

1814.9 

1814.3 

1815.8 

i"$ 
24 
3" 

h n 

5 lo 

6 ao 

7 5 

8 15 

9 5 

5 ao 

6 ao 

5 13 

6 1 5  

7 5 

8 48 

9 18 

5 4 2  

7 a6 

9 35 

k -  

M,-C. 

d 

+ 2.0 

+ 0-8 

+ 2.4 

+ 3'8 

+ 3.6 

+ 4'8 

L 

M. 

d 

1705.6 

1706.6 

1707-2 

1707.5 

1707.1 

1707.5 

1705-a 

17oq.a 

rfoj.7 

1704.8 

1705'4 

1704'0 

1703.8 

I 

1704.3 

0,- 

C.-C. 

d 

+ 0-9 

' + 0'5 

- 0.1 

- 0'4 

C, 

d 

1631.5 

... 
1633'4 

... 
1633.9 

Mean 

1613.3 

... 
Mean 

1613.6 

161r.8 

1611.0 

... 
1611.7 

Mean 

1605.3 

1606.1 

1605.9 

Mean 

b e -  

C.-M. 

d 

+ a.6 

+ 1'8 

+ 3.1 

+ 5'9 

+ 5'4 

+ 6.3 

I& 

d 

171a.o 

1710.8 

1710.4 

1709.3 

1709.9 

Mean 

1711.1 

I 

Mean 

1714'8 

1713.9 

1713.0 

1714.2 

1714'0 

Mean 

1715'5 

1714.9 

1715.1 

Mean 

ce - 
C.-C. 

d 

- 0-9 

- 0.5 

+ 0.1 

+ 0.4 

Level 

M. 

d 

1708.8 

1708.7 

1708.8 

1708'4 

1708'5 

1708.6 

1709'3 

1709.0 

1709'2 

1709.5 

1708'8 

1708.9 

1709.8 

1709'0 

1io9-a 

1709.7 

1709.5 

1709'7 

1709.6 

Collimation 

0. 1 0. 

d 

1708.8 

... 
1 7 9 ' 1  

... 
1709.5 

1709.1 

1709'5 

... 

1709'5 

1710.1 

1710.1 

1710.0 

... 
1710.1 

1jlo.1 

1710.1 

1710.3 

1710.9 

1710'4 

d 

1710-0 

1710-o 

1710.0 

1710-0 

. . 
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TABLE I, ABSTRACT O F  DETERMINATIONS O F  COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 

.- 

4 

1895 

Dec. 6 

,I 7 

r~ 10 

.. 

11 13 

C. 

d 

1593.3 

1594.0 

1jg4'7 

1593.4 

1593.2 

1 j9 .~ '2  

1592.6 

1594.4 

1593.0 

1593.1 

Level 

Co 

d 

1592.1 

1592'4 

I 592.3 

1592'7 

1591.6 

1592.7 

1592.5 

C.  

d 

1590.8 

1590'8 

Mean 

1590.6 

1 j91-8  

Mean 

- 1591'7 

1591.8 

1591.2 

Mean 

I 590.7 

1591'7 

1591.9 

Mean 

I 

Me 

d 

1593.8 

1593'6 

1592.9 

1592.2 

h m 

a zo 

5 40 

a 15 

4 15 

2 30 

3 55 

6 10 

3 0 

4 40 

6 o 

# 

I 

h 
N 

; 
E 
0 
2 
t: 

Col l i t~~at~on 

Ca 

d 

1592.0 

1592.0 

1592.0 
e: 

4 
k 

< 
C; 

Mw 

d 

I 591.4 

1590'7 

Mean 

1592.7 

1593'2 

Menn 

c. - 
C.-C. 

d 

+ 0.3 

4 

+ 0.7 

Ma 

d 

1592.6 

1592'2 

1599-4 

1592'8 

'592-7 

I 591.8 

d 

- 1.4 

'1591.5 

1591.9 

I S ~ Z . . ~  

1591.6 

1592.4 

159a.s 

I 592.5 

c. - 
C.-C. 

d 

- 0.3 

- 0.7 

t 

. 1592'.3 

1592'0 

1591'7 

rj9a.o 

1592'3 

1592.8 

1592'7 

I jga 6 

d 

- 1.1 

- 0 .9  

+ o m 3  

+ 0-5 

1593'9 

1593'0 

1592'7 

Ij93.2 

1596.5 

1592'7 

rj9a.o 

- 1.5 

r 

- 0 . 3  

- 0-5  

'590'7 

1591.0 

' 15902 

Mean 

1591.4 

I 592.0 

1592.6 

Menn 

+ 0-1 
T + 0.3 

- 0 . 6  

I 

- 0.5 

I 
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EXPLANATION OF TABLE II. 

Deduclion. of Deviation Error from Star Observations. 

The first five columns call for no remark. 

Column 6 sliows whether tlie star was observed at upper or at lower culmination. U standing for upper 
and L for loacr. 

,, 7 gives the number of wires over which the time of the star's transit was observed. 

,, 8 contains the value of the deviation constant A, wliicli is equal to m sec 8 sin c, where m is the 
value of 1 division of the micrometer head in seconds of time, oiz : 0'-039. T l ~ e  sign of 
A depends on those of sec 6 and sin r, where 6 is the star's declination, (180'-6) beilig used 
for stars observed at lower culmination, and c is the &tar's zenith distance, considered 
negative if north. 

,, 9 contains the ol~served time of transit taken from the chronographic record. 

,, 10 contains the correction to the time of transit on acco~lnt of diurnal aberration. Tliis correction 
is equal to - 0-0207 x cosine latitude x secant declination. It is therefore uegative for 
all stars a t  upper culminlitioi~ and positive for all at lower. 

,, .11 contains the correction for collimation, this is obtained by multiplying c, or c,,, as the case may 
be, by m sec 8, usiug (180' - 6) for stars at l o ~ e r  culmination. 

,, 12 cothtains tlie correction for level, obtained by multiplying I), or h,, as the case may be, by 
m sec 6 cos t 6 a l d  c having the same meanings as before. 

,, 13 contains tlie clock error; this is a preliminary value obtained hp taking tlie mean of the error8 
given by stars north and soutll of t l ~ e  zenith. If the numbers of stars at upper and lower 
culminations respectively be equal, a sm111l error in the adopted value of this quantity will 
not affect the final mean value of the deviation error. 

,, 14 contaills the seconds of the corrected time of transit called T. This is the sum of the secoudr 
in the five preceding columns. 

,, 15 contains the star's R.A. at tlie time of the observation. This is either taken from one of the 
Almanacs or brougl~t,up by computation from the Greenwich Catalogue for epoch 1880. 

,, 1G contains the difference T - R.A. 

,, 17 contains the deviation error rz = - R'A'. I t  is to be noted that A contains the quantity m, 
A 

so that a is in terms of tlie micrometer divisions. 

,, I8 contains the mean of the values in column 17. Sometimes one geniiral mean is taken and 
sometimes the night is divided into two parts. This depends on whether the values in column 
17 show i ~ i y  evidence of a change of position having talien place during the hours d work. 

The last column sl~olrs wl~etller the telescope was pointing to the East or to the D'est of North. 
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TABLE II, DEDUCTION OF DEVIATION ERROR, a, FBOM STAR ORSERVATIONS. 

Right 
Ascension Deria- 

(Increased A ~ ~ " e n t  

by 
Clock Error - Mean 

1211oumbr , a 
Lower Cul- 
mination) - B.A. 7 - &.A. - a 
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2 .- ' 
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3 
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A 
I 
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sin { 

+oe1o46 

+0.1040 

+0'116; 
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-0.0749 

'+0.1046 

+0'14.34 

-0.2566 

-0.0749 

+oe6032 

+oa1046 

f0 .1268  

-0.0576 

+0.6032 

+o.1046 

+='.I434 

-0.2566 

+oa1268 

-0.oj76 
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EXPLANATION OF TABLE III, 

Direct Conzparison of Clocks. 

The first four columns call for no remark. 

Column 5 contains the time by the Tehran clock of the middle of the period during which signals were 
being sent or received. 

,, 6 contains the time by the Potsdam clock of the same instant. 

,, 7 contains the difference between the clocks as read off the chronographic record. 

,, 8 gives the mean, to the nearest whole second, of the times given in column 5. 

,, 9 gives the mean of those iu column 6. 

,, 10 contains the mean of two corresponding differences in column 7, and is the difference between 
the clocks, freed from the effects of retardation, at the epoch given, in terms of the two clocks 
respectively, in columns 8 and 9. 

,, 11 contains the deduced relative hourly rate of the clocks. I t  is obtained as follows :- 

The change in the difference between the clocks between two consecutive comparisons is divided by 
the interval between the comparisons, expressed in hours, and the result is the rate during the interval. 
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TABLE III. DIRECT COMPARISON OF CLOCKS. 

At Tehmn break conLsct of Clock a h r e d  jut before Olock Comparison. t At Tehran the pendulum WM jarred j u ~ t  before Clock Compuiwn 
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a3j65.531 

2 34 21.885 
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Tehran 
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5 46 58 
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3 a7 59 
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6 34 15 
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from 
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Potsdam 
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Tehran 

Potsdam 

Tehran 

Potsdam 

TB and Tw 

Time of 
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by 
Tehran Clock 

h a ,  s 

5 4% 0.750 

5 51 56.140 

6 r 17.699 

6 10 ~j.ooo 

S 31 0'041 

5 38 57'.315 

5 14 0'031 

5 31 58'311 

6 a9 0.050 

6 42 58.365 

5 51 omzoo 

6 9 56'531 

6 30 14'60b 
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- Tw 

h m r  

j 14 j 
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3 1 3 

1 54 a 

4 a 
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by 
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3 9 5'- 

'j 19 0.- 

3 a7 ~'ooo 
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a 57  4'000 

3 5 a-000 

t 50 3.000 

2 5s 1.000 

3 55 j'om 

4 9 1.000 

j t) 5.000 

3 3 6  ~'ooo 

3 56 3.115 

4 4 3'000 

- D 
h m  r 

a ja 55.945 

a 34 16.832 

a 33 56'178 

a 33 57'171 

a jj 57.508 

2 33 55.366 

a 34 11'018 
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TABLE III. DIRECT COMPARISON OF CLOCKS. 

Obtained by applying the mean value of retardation (+on* 151) lo the drflerence o k e n e d  a t  Potedsm. 
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Clocks at 
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a 34 1a*8or* 
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E Clock - TP 

h r  r 

6 a6 43 

6 48 21 

7 17 47 

7 r5 16 

7 35 43 
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Clock 
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Potadam 

Tehran 
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Tehran 

Potsdam 
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3 53 aa 
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4 43 33 

4 51 3 

5 1 32 

5 8 I 
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'Ilrne 
by 

Potsdam 
Clock 

h r  r 

3 50 40.000 

3 54 3.000 

4 1 1  1.000 

4 17 ~'ooo 

4 41 1.000 

4 46 4.000 

4 51 3.350 

before comparison 

Time of 
Cornparlaon 

by 
Tehran Clock 

h r  r 

6 a5 1.602 

6 a8 14.900 

. 6 45 20.688 

6 51 a1.035 

7 15 15'000 

7 a0 18.169 

7 a3 16.000 

Current interrupted 

Obaewed 
Did orel~ce 

between the 
Clockr 

h r  r 

a 34 a1'6oa 

a 34 a~*goo 

z 34 19.688 

a 34 ao-035 

2 34 14'000 

a 34 14.269 

a 34 1a.650 

apr mute. 

Tehran 

Pot& 

Tehran 

Potsdam 

a 3 11.075 

a 34 11.395 

2 34 10'367 

a 34 10.668 

7 33 11.07j 

7 38 13.395 

7 40 9'367 

7 44 12.668 

4 59 1.000 

5 4 a'wo 

5 s 59'000 

5 lo a-ooo 
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EXPLANATION OF TABLE Il7 

Transits of Clock Stars and Deduction of the Clock Cowectiow. 

The heading contains the name of the arc, and indicates .the station the observations at which are to. 
be found below, giving at  the same time the latitude of the station, the name of the observer and the: 
telescope used. 

Column 1 contains the astronomical date. 

,, 2 contains the star's name, or number in  the Greenwich Catalogue for 1880: 

,, 3 contains the star's declination and when south i t  is indicated by a minus sign. This being given, 
and also the latitude of the s ta t io~ ,  i t  is possible to compute all the corrections to the. 
observed time of transit without reference to anything beyond the foregoing tables. 

I' . 4 contains the star's aspect, that is, i t  shews whether the star at culmination wwr north or south of 
the zenith of the station. I t  is convenient to give this information as i t  renders it easy to. 
see whether the deviation correction has been entexed with the proper s i p .  

,, 5,6 & 7 explain themselves. 

,, 8, 9 & 11 contain respectively the corrections for  collimation, level and'diurnal aberration; These. 
correctiolls are computed in precisely the same manner as those in Table 11. 

,, 10 contains the deviation correction, To form this the appropriate value of a is taken from Table II' 
and multiplied by m sec 6 sin c. I t  is to be noted that the quantity a given in Table I1 is. 
an error, not a correction, so that when formilkg the correction a A the sign must be changed. 

,, 12 contains the corrected time of transit = T. This is the algebraic sum of the five preceding 
columns. 

,, 13 contains thk star's R.A. brought up from the Almanac or  Catalogue to tbe epoch of the 
observation. 

,, 14 contains the difference between the two preceding columns with the sign appropriate to a 
correction, 

,, 15 contains the mean value of the clock correction by stars observed in the same instrumental posi- 
tion. I n  colura~l 7 the mean of the observed times of transit of groups is taken out, and is 
the epoch of the mean clock correction in column 15. 

,, 16 & 17 contain the daily mean of the two instrumental positions, and the epoch to which i t  
, corresponds. If there are two groups, one I.P.E. and one I.P.W., the mean of the two+ 
clock corrections is taken as corresponding to the mean,of the two epochs; but if there are 
three groups, one I. P. W., one I.P.E. and again one I. P. W., the mean of the two values. 
I.P.W. is taken for the mean of their epochs, and then this mean value and epoch are. 
combined with the I.P.E. value and epoch to obtain the quantities to be entered in thesa. 
columna. 
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TifEZE V. TEANSITB cOF CLOCK STAB8 AND DEDUCTION OF THE'ULOCK COEEECTIOR. 
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TABLE'IP. TRAPU'SITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 
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TABLE W. TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 
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TABZX IP. TRANSITS OF CLOCK STARS AND DEDWCTION OF THE'CEOCK CORRECTION. 
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TABLE IF'. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 
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TABLE IP. TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCJT. CORRECTION. 
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TABLE IP. TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 
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- 0.15 

- 0.10 

t 0.04 

+ 0-04 

I 

- 0.09 

- 0.15 

+ 0 . 1 2  

- 0'13 

- 0.19 

oaoa 

t. 0.40 

J 

-0 .02 

-0 ' 02  

-0'01 

- 0 . 0 2  

0 ~ 0 1 ~ - 0 . 0 2  

- 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0.02 

-0'01 

-0 02 

- 0 . 02  

-0 .02  

- 0 . 0 2  

-0.03 

h m  J 

5 a 30.96 

5 7 10-75 

5 9 52.60 

5 1 a 4 1 . 1 9 .  

5 18 a f m o j  

5 jz  17.56 

5 34 9'35 

j 42 50'25 

5 45 8.94 

5 47 ~ ' 1 6  

3 49 S'A5 

5 52 4 6 - 1 4 ,  

5 56 16-34 

6 44 42.16 

6 46 47-79 

6 4 9  8 '87 

R.A. -T Posit~on in 
encl~ ~ r o u p  

h J 

5 I 40.47 

, 5 6 20.19 

5 9 a -11  

m J 

-0 50'49 

-0 50'56 

-0 50'49 

- 

a r 

5 11 51.07 '-0 50.53-0 50.515 

-0 50'500 

-0 S0'50.3 

-0 5 0 ' ~ ~ ~ ' - 0  
, 

5o'agj 

5 17 36-55 

I 5 31 27'09 

s, 8 

-0 j w j o  

A m  8 

-0 50'474 

50'45L 

' j 33 18.87 

5 41 59.69 ,-0 50.56 

5 6 57 

5 45 

5 4.4 1 8 ' ~ ~ ' - 0  

: 5 46 48.81 

j 48 14'7.3 

5 51 55'74 

5 55 a6.1a 

6 43 51-81 

6 45 5 7 . 5 ~  

6 4 8  18-61 

h 

5 0 . 5 ~  

-0 jo'.zg 

-0 50.43 

-0 50.40 

-0 50.42 

-0 50',?jp 

-0 50-2; 

-0 ~ o ' a b - o  
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Z'ABZE W. 'l'RANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

7 

L 

TEAXEIT~ AT TEHRAN (E), Lat. 359 4!X, BY LENOX CONYNGHAM wrra TBLE~COPE So. 1. 

Star 

Observed 

T ~ n i e o f  

Tnneil  

h m  J 

7 5 21.68 

7 6 58 66 

7 9 11-78 

7 8 38 

7 11 58.33 

7 3g a1-03 10 

4 
$ ?  

i. 

1303 Qr.80 

2 

'g 
6 
Z 

13 

13 

13 

I.? 

Sow. 2& 

I 

' 0  d 

3 

5 
9 

8 a7 8 

Right 
Ascension - B.A. 

L ~ J  

7 4 31.61 

7 6 8.42 

7 8 a r ' j 8  

7 12 8-09 

-0'03 +0'41 - 0 ' 0 2  7 30 11'30 

A895 

Nor. 25 

E 

1 

Mean 

Epocll 

- "'n 

A m  J 

1 

-0 j0'19 7 a9 31'01 

Corrected 
T ~ m e  of 
Transit - T 

Clock Correction Correction for 

131a ,, 

7 25 

4 

L m c  

7 5 za'x? 

7 6 5 8 . 9 ~  

7 9 & ~ ' o q  

7 ra 38-48 

. 2 
0 - - 
8 

2 
.2 

'2 

r Geminorurn 

1343 Gr. 80 

1363 ,, 
x Geminorurn 

r Aurigm 

7 liurigre 

835 Or. 80 

p Aurigle 

! 

1 

I 

I 
1 
I 

f 

Mean of 
"le 

Instru- 

P0s1t10n8 

m J 

By 
star 

R.A.-T 

m ~  

-0 50.56 

-0 50.49 

-0 5oej6  

-0 5 0 . 3  

o - 
Mean by 

I n  

onme 
Illstro- 
n~entul 

Posltlon In 
P R C I I  ~ m u p  

m a  

-0 50'joo 

63 Aurigm 

1227 Gr. 80 

1237 ,, 
A Geminorurn 

Mean 

33 40 

27 a 

2 4 

a8 5 

Mean 

4 5  40 

41 6 

ao 17 

38 a2 

Mean 

N 

B 

8 

8 

0 I 

39 29 

24 18 

25 4 

Meen 

16 44 

k 
j 

.E 
6 

W 

W 

W 

W 

. . . . . . . . .  

8 

8 

8 

8 

N 

N 

S 

W 

c 
2 2  

2 
j : 
6 2  
1 

. . . . . . . . .  

w 
w 
W 

W 

. . . . . . . .  

E 

E 

E 

E 

......... 

13 

y 

13 

13 

13 

13 

13 

13 

I 

7 35 2.3 

7 41 39.33 

7 47 j9.21 

7 55 29.54 

7 j; 59'13 

7 50 47 

4 55 20.61 

5. o 3.57 

5 a ag-38 

5 7 8-95 

5 r 16 

I 

+o-o.l +0'+0 - 0 . 0 2 - 0  0 2  

- 0.09 -0 .02  

- o . I ~ / - o . o ~  

7 41 3 9 . 7 ~  

7 17 59-50 

7 55 19.81 

7 57 59.a 

4 55 ax-01 

I 

- 0.08 

+ 0.1a 

5 o 3.91 

5 a 19-40 

j 7 9-15 

+o.o.q 

+0.03 

t0.0.3 

- 0 - 0 2  

-o.oz 

-0.02 

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0.02 t 0.08 

-0.01 - 0.18 

) 40 49-31 

+o.,q; 

+ o . J ~  

t o  3; 

-0.01 

-0 50.38 

-0 4 8 . 9 6  

4 59 14'97 

5 r 40.53 

5 6 aosaf +o.a9 

-0 18-94 

-0 48'8; 

-0 49'00 + 0.04 

7 4; 9-01 '-0 50.49 

-0.50'458 

7 54 39-34 

7 57 8.91 

$54  32-04 

-0 50'419 

-0 50.4; 

-0 5 0 . 4 ~  

-0 4 8 ' s  
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TABLZ 17. TRAXSITS O F  CLOCK STABS AKD DEDUCTION OF THE CLOCK CORRECTION. 

Epocll 

=1 

b m r  

5 12 56 

5 3 7  '6 

l b r s s r ~ n  AT TEHRAN (E), &st. 33' 4V, nx LESOX CONYNGCHAM WITH TPLELICOPE NO. 1. 

Clock Correction 

Corrected 
'I'i111s of 
Tratisit 
=T 

- 

1895 

NOV. 28 

+ 
d . d - 
g 2 
g z 
u 

4 

By each 
star 
= 

R.A. -T 

Rifit 
Asceiiaion 

-B.A. 

Observed 

Time of 

Tramit 

Luearl 
Stan, in 

681110 

Iastru- 
mental 

Position in 
ench Group 

.5 

2 
o 
n 

2 .- 

5 ' 

6 
Z 

m a  

48.949 

-0 48.939 

. 

Daily 
Meat1 of 
tile two 
Instru- 
nlellta' 

Correction for 

0 t 
A m  . r  

a Aurigse 45 54 x W 13 5 

A ~ u r i g m  40 1 N \V $ 3  5 

877 Gr. 80 P C  59 S w g 13 .99 fo.01 + o . I ~  - 0.16 5 1 3  51.99 5 '3 3-11 -0 48-88 

888 ,, 5 18 25'67 5 17 36.62 -0 49-05 

B Tauri 5 20 33.45 5 19 44-51 -0 48.93 

{ Tauri 5 61 16.07 5 31 ~7.15 -0 48.92 

953 Gr. 80 5 34 7'83 5 33 18-94 -0 48-91 

o Aurigm 5 38 41'47 5 37 52'55 - 0  48-92 

.- " - .- 
8 
R - 
4 = 

4 2 %  - 
'D 
2 

Star 

994ar .  80 

998 ,, 
a Orionis 

B Aurige 

11?7,Gr.fM 

A Geminorurn 

8 Geminorurn 

1 Qemiimnum 

Kame 

- g  
'Z 

5 . = -  
2; 

-4 

g .- 4 
.d- r 

6 

.: 

.- = 
6 

5 4048.78 5 4, 59.;7 -0 49.01 -0 48-952-0 

Dwlina- 
tion 4 

Mean 

Z 

. . . . . . . . .  5 24 35 

27 15 S E 1.3 +oezg - o'lo -0.02 5 47 37.81 

+ 0 . 2 3  - O . I J - ~ - ~ ~ /  5 49 3.74 

J 46 46.88 

5 48 14.80 

5 49 33-17 

5 51 55-82 

7 6 8-51 

5 50 22.66 

5 52 44'76 

7 6 5 

7 1 %  57.0~ 

7 14 44.78 

7 20 6.19 

-0 48-93 

-0 48.94 

-0 48.89 

-0 48.94 

-0 4884 I 

-0.02 

-0'02 

- 0 0  

-o.oz, 

0-16-0-01 

o.10-0.02 

0.31 

-0 48'995 

Hean 

24 18 

16 44 

ra 1 1  

28 o 

Mean 

-0 48'835 

7 1 1  8.18 

7 13 55.95 

7 19 17-16 

S 

8 

S 

8 

'-0 48.84 

-0 48.83 

-0 48-83 

. . . . . . . . .  

1. 

E 

B 

E 

. . . . . . . . .  

1.3 

1.3 

13 

1 1  

5 49 37 

0'15 

7 6 7 - o + o  - 0 
7 5i*05 1-0'01 +O.ZZ - 0.22 

I 
7 14 44.1.3 l-O.O~ 10.24 - 

- +0.25 5 6.07 

71341 

-0.0~ 
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PABLE IV. TICAXSITS OF CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

l h r n s r ~ s  rr TEHRAN (E), Lat. 35' 92, BY LENOX CONYNGHAM WITH TELBBCOPE Xo. 1. 

Star .; g .- P t 
Y ." s 

Correction for 

d 
Clock Correction 

E 5 
E GI 
4 

4 

1895 

Nov.28 

Nams 

1283 or.  80 

a Canis Min. 

1317 Or. 80 

* $ %  s 

W 

W .  

W 

O b ~ r n f d  

T i m e o f r Q  

Tmnsit 

h m  r  

7 2,5a-55 

7 34 41-63 

7 37 1-76 

0 

B 

6 
z 

13 

13 I 

r j  . 
7 39 0-13 

Declina- 
tion 

0 I 

49 5.3 

5 30 

50 41 ! 

1 

1 

.r Qeminorurn 

a43 Gr. 80 

1363 ,, 
x Geminorun 

27 Ly& 

lSWQr .80  

$3 Caneri 

81 Lyncis 

B d e y  1197 

B Taari 

902 Qr. 80 

a Leporir 

994 Qr. M) 

998 ,, 

& 

N 

8 r 

N 

1 

DM. S 

ZI 

- 
B 

8 

+o.oz 

4-o-oli 

+o .o t  

I 

> 

Corrected 
Time of 
Tranait 

A m  r  

7 21  53-02 

7 34 41.13 

7 37 2-25 

- Q 

r  

+o-24 

+o.14 

+ o ' ~ J  

+o-01: 

.$ i E j  

24 H, 

1 

r7 I 

25 41 

28 5 

51 48 

Mean 

15 50 i 

9 jo 

43 31 ' 

- 1 34 ' 

Mean 

a8 3a 

za 5(: 

-x7 54 

7 47 9-11 

7 5459'44 

7 57 9.05 

8 o 39-77 

8 4 IS-4' 

8 lo  5 3 . 4 ~  

8 15 14-48 

8 20 1 8 . ~ 7  

5 19 44-66 

5 21 rq-81 

5 28 10-og 

5 46 49'04 

5 48 14-95 

Right 

Ascension 

- B . k  

A m  

7 22  4.05 

7 33 5s-58 

7 j6 13-34 

7 39 0.15 + O ' Y ~  

E 8 ' - 0  
2 3 
2 $ 

- 0 ' < 4  13 , 

9 

5 

13 

c j  

r j  

13 

13 

13 

... 

j 13 

to 

8 4 41 

Mean 

Epocll 

T~ 

A m r  

7 38 11.34 

-0 48-83 

-0 48.79 

70 48-81 

-0 4 

I 

I 

-0 48'8L' 

-a  48-70 

-0 48'64 

-0 48-83 

I 

-0 45-39 

-0 45'49 

-0 45'40 

-0 45'4' 

-0 45-41 

By each 
star - 

R.A.-T 

m r  

-0 48'97 

-0 48.85 

-0 48'91 

27 ,35 

2 0  (:5 

-0.01 8 r 

< 

8 

8 

8 

N 

8 

8 

N 

8 

-... 

8 

8 

' 6 ' 

f 13 33 

+oSr8  

+oa17 

-0 48.81 

- O - ~ I  

- 0 . 1 2  

- 0.10 

+ 0-29 

- o - t z  

- 0.29 

+ 0 . 1 2  

- 0.41 

0.11 

- 0.19 

- 0'6.3 

- 0.12 

- o-21 

J I + o'zqa-0.03 

- 03{-O'oL 

W 

. . . . . . . . . .  

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E . 

E : 

, 

E 

E 

E 

, 

7 33 24 

7 47 37-88 

7 55 28'19 

10 

90-0 4'8.Z.Z 

-0 48.768 

-0 45'420 

Mean by 
'Ian in 

8a1r1e 
Instrti- 
mental 

Position ill 
eaeli ~ r o u p  

m r 

+ 0-16 

' 8 

8 

.... 

+oeol:  

+O.OI 

-0 9 . 8 0 0  

Menn of 
two 

~ns t ru -  
men'a' 

POs't'On' 

m  J 

-0 48'885 

-0-0.3 

I 

7 57 57.79 
I 

8 I 28-14 

7 55 43 

I 

8 

8 11 4a-30. 

8 c6 ~ z - 7 ~  

8 2' 17-66 

8 13 38 
i 

5 zo s o . r l '  

5 2 2  10.45 

5 rd 56.12 

)7fi '52 

5 49 0.53 
: 

5 33 38 

I 

-0 48.860 

I 
-0-02 

-0.01 

- 0 . 0 ~  

-0'03 

-0.02 

-0.02 

-oaoz 

- 0 . 0 ~  

-0.0s 

- 0 . 0 ~  

- 0 . 0 2  

-0-02 

-0-02 

E ' 

E 1 
I 
I 

; 

7 4; 57.94 

7 55 28.23 

5 57 57'86 

8 I 28.67 

I 

I 

8 5 '-23 

8 11 41-19 

8 16 33-12 

8 I I  r7.40 

5 ao 30.05 

5 za 10.31 

5 a8 55'49 

5 47 34.45 

5 49 0.36 

+o.ol.  

+oao2. 

1.13,-o-01 

-0'01 

-0.02. 

-0 .01 

10 

.13 

...... 

+ o a r 8  

+oez5  

+ o S q  

+o.21 

+oa31 

+0'18 

-0-04 

-0.04 

-0.04 

-0.04 

-0.04 

+ o * l i 1 -  

+o.rr 

+o.oti 

+o-11 

+O.IO 
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TABLE W. TTRAPU'SITS OF CLOCK STARS A S D  DEDUCTION OF THE CLOCK CORRECTION. 

Txaxsrrs AT T E H R A N  (P), Lal.  36 42', BY LENUX COXYSQLIAN WITR 'I'n~aeco~x NO. 1. 
-- 

CorrecLio~~ for Clock CorrecLion 

1895 A m  s An, r m s m a  m a  h n r  

Dec. 6 B Aurigsa 

v Orionis 

1144 Gr. 80 

Mean . . . . . .  

Moan . . . . . . . . .  7 38 8 

- 
Mean . . . . . . . . .  7 59 4.1 



ARC T E H R A N - P O T S D A M .  239 

TABLE IP. TRANSITS OF CLOCK STAIRS AND DEDUCTION OF THE CLOCK CORRECTION. 

I 

1 

...# 

U .- - = 0 

0 2 
2 Q a 

4 

1895 

Deo. 5 

1)ec. 7 

j 56 11.69 

5 58 .71'43 

6 a 24.82 

6 4 b1'96 

CONYKGHAM 

Corrected 
Time of 
Transit 
-T 

h m s  

8 26 56.37 

8 39 33.01 

8 46 55.85 

8 jo  40.12 

8 j a  52.21 

8 54 40.14 

8 5; 18.47 

9 o 41.56 

5 34 4.28 

5 38 38.13 

5 42 45.31 

j 47 34.zR 

5 50 19-11 

1021 Or. 80 

1026 , 
v Orionis 

104S &. 80 

TEANSITS 

K 

!V 

I V  

\V 

. . . . . . . . .  

AT 

2 " 

+ ' 
= 

q Z - 2  
? 
G 

\V 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

H: 

. . . . . . . . .  

11 

E 

E 

E 

E 

. . . . . . . .  

'N 

Star 

Name 

Groom. 1450 

8 Cencn 

1493 Gr. 80 

C %dm 

I Urstenfaj. 

10 Ursm Mnj. 

IC Ursm Naj. 

1Li.C. 3097 

969 a r .  80 

o Aurigm 

978 Gr. 80 

99J ,, 

a Orionie 

55 16.39 

5 57 46.14 

6 I 39 . j6 ' -o  

6> 3 16.63 

KITH TELESCOPE 

Right 

Asce~~sion 

= B.A. 

b m r  

8 26 10.76 

8 38 47'59 

8 46 10.51 

8 19 5.l.71 

6.99 

8 5.3 54.8.4 

85633.20  

8 jg 51-43 

I 

5 33 t9 -12  

5 37 52.;') 

5 41 59.95 

j 4 49.08 

5 49 3 - 9 5  

zr  24 

w 8 

14 47 

r j  8 

?dean 

TEHRAN (E), Lat 33' 4 9 ,  BY LEiYOg 

9 

8 

8 

S 

Declina- 
tion 

o I 

38 2 2  

8 3 

3a jz  

6 ar 

Mean 

48 27 

42 ra 

47 34 

38 52 

Mean 

a5 50  

49 4 7  

39  9 

27 35 

Menn 

f 23 

g ?  
z 
X 
0 
B 

3 z 

? 
% 

N 

8 

S 

6 

N 

N 

'V 

S 

9 

N 

8 

8 

6 

la  

13 

13 

I 

I 

5 49 33 

A 

Mesn 

Epoch - 

h n ~ s  

8 t8  49 

--o 45.30 

-0 45.29 

45'26 

-0 4 ' 3 3  

NO. 1. 

5 56 11.f9 

5 58 31.56 

6 225.02 

6 4 1a .o j  

5 58 2 0  

Obaerred 

Tune of 

Transit 

+o.oz 

+o.oz 

+o.oz 

-ho.oz 

By 
s"r - 

R.A.-T 

m a  

-0 45-61 

-0 45.42 

-0 45.34 

-0 45-41 

-0 45.22 

-0 45. .~0 

-0 45.2; 

-0 45.13 

-0 45.16 

-0 45.31 

-0 45.37 

-0 45.20 

-0 45.36 

+ o . ~ o -  

+o -10  

+o.o9 

+ O . I O  

0 . 2 0  

- orz.; 

- 0.29 

- 0.19 -0 &'a88 

-0 .02  

- 0 . 0 ~  

- 0 . 0 2  

- 0 . 0 2  -0 46.r1.3 

Clock Correction 

J lenn by 
Stnrs 'I1 

~~~~~~- 
mrntnl 

Poslt~ori I I I  

r.1~11 G~ou l ,  

m r  

-0 45-44.: 

-0 qg-a jo  

-0  45'258 

13 

13 

1.3 

13 

13 

1.3 

13 

13 

13 

b.3 

13 

1.3 

1.3 

13 .s 
, - 
S 

Xle~ri of 

yz:z 
"le'lbl 

Pualtions 

m r  

I, 

-0 45'378 

l h m  . 
1 8 a6 56-27 

S 39 33'19 

8 46 55.83 

8 50 40.4.4 

8 41 r 

8 52 51-94 

8 5.4 &.or 

8 5 7  ~ 8 . 2 1  

9 o 41.48 

8 56 13 

5.34 4-34 

5 38 37.7 I 
I 

j 42 4j.14. 

j 47 34'31 

j 40 4 j  

5 3.0 19.51 

Corrcction 

_ 
* a  I- 

r 

+ o ' o ~  

+ o . o ~  

+O.W 

+0.04 

-0.0.; 

-0.05 

-0.0; 

- o . o ~  

- 0 . 0 2  

-0 03 

-0.03 

-0 o: 

+0.02 

for 

o .- : 
5 

6 

r  

t o . 04  

+o.o.z 

+ o  04 

+o.o,q 

+ o ' l o  

+ o.or)'+ 

+ o . l o < +  

*o.o9 

+o.I.? 

+0 .18  

+ O ' I ~ I  

~ 0 . 1 3  

+oaoR 

a 

3 g 
2 "  
5 ;  
1 

r  

+ 0'04 

- 0'23 

- 0.04 

- 0 . ~ 3 ;  

? ,  

+ o . z j  

0.1 I 

0'2.3 

+ 0.05 

- 0 . 1 :  

+ o. .p 

+ 0.06 

- 0.1.3 

- 0.38 

r 

- 0 5 0 z  

-0 0 2  

- 0 . 0 2  

-0.02. 

-0.03 

- 0 . 0 2  

- o m o ~  

- 0 . 0 2  

-0 01 

-0.0.3 

-0 0 2  

-0.01 

- 0 . 0 2  
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TABZE m. TRANSITS O F  CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

4 

U ." 
5 s 
g 2 
z F I  

..a 

4 

1895 

Dec. 7 

I 

Dee. 10 

CONYNGHAM WITH TPLEEcOPB NO. 1. 

cOmected 
Time of 
Tranoit 

-T 

TEAXEIT~ AT TEHRAN (E), Lot. 85' 49', BY LEXOX 

1026 , 

- 

Mean 

~ p o c h  

= T~ 

Eght 
dscenaion 

=LA.  

W 

. . . . . . . . .  

Star 

Name 

6 1  Aurigm 

1144 Gr. 80 

S Monocemtia 

t Geminorurn 

1167 Or. 80 

1179 . 
9 Geminorum 

16 Lyncir 

953 Gr. 8Q 

a Aurigm 

978 Qr. 80 

,994 ,, 

998 Gr. 80 

a Orionis 

B Aurigm 

i l . 8  

6 40 10 

5 47 3 

.- S T  
i .- 

- 
id - 

* G -  L - 
E 

Declina- 
tion 

20 8 

M a n  

, 

s. a 

2 
0 

2 
g 
0 

s;i 

-0 45'189 

-0 4.673 

Y 

9 

1021 Qr.80 

IV 

W 

W 

IV 

. . . . . . . . .  

E 

E 

E 

E 

. . . . . . . . .  

E 

E 

E 

I4 

. . . . . . . . .  

W 

W 

W 

W 

Daily 
~ e a n  of 
the two 
I n ~ t n t -  
"lental 

PoeitionB 

5 g .- a 2  

-0.02 

r a  

-0 45.250 

-0  45.148 

-0 4,668  

-0 44.678 

Star , 

B.A. -T 

i m  

6 32 14-36 

6 33 46-53 

6 36 1.64 

6 ~8 18-79 

6 40 31.17 

6 e) 37.77 

6 46 42-96 

6 49 4-17 

5 34 3-78 

5 38 37'59 

5 45 44.76 

5 47 33-76 

5 48 59.73 

5 50 18-66 

5 52 40.81 

5 56 11-15 

5 s8jo-84 

Time of 

Transit .- - - 
S 

Clock Correction 

Blean by 

'n"e 
r n s h -  
menld 

Position i l l  

emch Group 

dbsened 

13 

o # i  39 29 

28 21 

l o  o 

25 14 

Mean 

48 54 

16 19 

34 5 

5% 34 

Mew 

25 50 

49 47 

39 9 

27 35 

Mean 

20 15 

f ZJ 

44 56 

a2 24 

.- 

Correction for 

p 
h m  8 

6 31 29-05 

6 33 1.24 

6 35 16.50 

6 37 33-61 

6 39 46.06 

6 43 52-12 

6 45 57-87 

6 48 19-13 

5 33 19-17 

5 37 52'86 

5 42 0.05 

5 46 49-14 

5 48 r~;-oq 

5 49 33'99 

5 51 56-13 

5 5s 26-45 

5 57 46.19 

N 

S 

8 

S 

N 

% 

S 

N 

8 

N 

N 

8 

8 

S 

N 

8 

+O.IS 

8 

-omor 

-0 .02  

-0 .02 

-0 .02  

-0.0.3 

-0 .02  

- 0 . 0 2  

-0.03 

-ono2 

-0.03 

-0.02 

- 0 .0~  

-0 .02  

-0.02 

-0.01 

-0.02 

5 58.30'91 

5 53 20 

1 -  8 

-0 45-31 

-0 45'29 

-0 45-14 

-0 45'18 

-0 45-21 

-0 45-15 

-0 45.09 

-0 45-14 

- 0  44'61 

-0 44-73 

-0 44-71 

-0 44.62 

-0 44-69 

-0 44'6; 

-0 44'68 

-0 4 - 7 0  

-0 44-65 - 0-ao 

12 

13 

13 

13 

1.3 

13 

13 

13 

13 

13 

13 

13 

I 2 

13 

13 

10 

0.00 

. j  + O . I Z  

+ O . I I  

+ o . q  

+ o a r o  

+0'181+ 

+ O . I ~  

+ o . r j  

co .11 

+ o . z j  

+ o . j j  

+0.30 

+o-16 

+ o- r5 

+o.13 

+o'21 

+0.16 

h m  8 

6 32 14.16 

6 33 46.54 

6 36 1-90 

6 38 18-85 

635 5 

6 40 30.87 

6 44 37-46 

6 46 41-88 

6 49 3'54 

6 45 14 

5 34 3-68 

5 38 17'01 

5 41 44-41 

5 47 33'6.3 

5 40 45 

5 48 59.80 

5 50 18.88 

5 ja 40'47 

5 56 11.18 

8 

+ o-07 

- 0 . 1 2  

- 0.3: 

- 0.16 

I 

0.28 

- 0.2; 

- 0.03 

+ o m j g  

- o-1.3 

+ 0'26 

+ 0.05 

- 0.1 I 

- 0 . 2 0  

- 0'3.3 

+ 0.16 

- 0.1; 

+oSo.z 

+o.oz 

+o.oz 

+o'o2 

-0.03 

- 0 . 0 ~  

-0.02 

-0.04 

0.00 

+O.OI 

+om01 

0 . w  

, 0.00 

o'oc 

-onol 

' 0.00 



ARC T E H R A N - P O T S D A M .  

PABLE rv. TEAKSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

2 .- 

6 2  
g 2 
2 " 
.a 

4 

1893 

Dec. 10 

4 

AT 

.- g 
& 

.z 
2 - 
3 

- 4 g 2  
2 
+I 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

. . . . . . . . .  

'~'BANBITB TEHRAN 

% I: 
a 

8 
" 
i= 

6 
z 

13 

13 

13 

13 

13 

13 

13 

13 

13 

11 

r j  

13 

13 

1 1  

13 

13 

Star 

Name 

51 Aurigm 

1144 Gr. 80 

SMonocerotia 

t Geminorum 

1167 Gr. 80 

1179 ,, 
0 Oeminorum 

15 Lynch 

B Cancri 

1405 Gr. 80 

81 Lpcia  

Bradley 1197 

1425 Gr. 80 

Groom. 1450 

8 Cancri 

I Cancri 

Declina- 
tion 

0 I 

39 29 

18 21 

l o  o 

rg 14 

Mesn 

q8 54 

16 19 

3 5 

58 34 

Mean 

9 30 

af  34 

43 31 

- 3 34 

Menn 

24 30 

38 2 2  

18 j r  

29 8 

Mean 

(E), 

Oblerved 

Time of 

?ransit 

h n, .r 

6 j r  13.53 

6 33 45-87 

6 36 1-30 

6 38 18.22 

6.35 5. 

6 40 30.41 

6 44 36-94 

6 46 42.35 

6 49 3-09 

6 45 13 

8 38.51 

8 30.g7 

8 '6 29-09 

8 13.8j 

8 '5 58 

8 23 12.89 

8 26 55-52 

8 39 32'51 

8 41 lo.21 

8 32 43 

X 

N 

8 

8 

8 

S 

8 

S 

N 

6 

8 

N 

8 

8 

N 

8 

8 

Mean 

Epoch 

- TE 

h m  r 

6 40 9 

8 a4 11 

Lat. 33' 48', BY LENOX CONYNGHAX WITH TBLEBOOPE NO. 1. 

eBC1l 

R.A.-T 

m  r 

-0 44.76 

-0 44-69 

-0 44.62 

-0 4 .63 , -o  

-0 44'68 

-0 44'64 

-0 44'55 

-,o 44'59 

-0 44-60 

-0 44.60 

-0 44'55 

-0 44-63 

-0 44-60 

-0 44-78 

-0  44'67 

-0 44-56 

Corrected 
Time of 
Transit 
=T 

h m  r 

6 ja 13.88 

6 33 46-01 

6 36 1.18 

6 38 18.31 

6 40 30'83 

3 
a 
S 

r 

+o-01 

0.00 

0.00 

0.00 

-0.0' 

Clock Correction 

Mean by 
in 

1 ~ , ~ ~ ~ ~ -  
n~rrital 

Position ill 
UaC,l G,.O",) 

. m  r 
. 

44.675 

-0 44.615 

-0 44'595 

-0 44'668 

Right 

Ascension - E.A. 
' 

m  r 

6 31 29'12 

6 33 1.32 

635  16.56 

6 37 33.68 

6 39 46-15 

Correction 

2 

s 

+ o e j o  

+om26  

+ o a z l  

+0'25 

+oa22 

Meun of 
t t~o two 

me"fa1 
Poaifion.3 

m r 

-0 44'645 

-0  44.632 

for 

g .- 
.- z 
6 

8 

+ 0.06 

- o.10 

- 0.31 

- 0.14 

+ 0.14 

6 43 51-19 

6 45 57'94 

6 48 19-24 

8 1053.77 

8 13 46.37 

8 15 44'95 

8 2 0  18.91 

8 r r  28-21 

8 z6 10.94 

8 38 47'74 

8 40 25-70 

a 
- 0  

"'; , 
2 2  
E $  

4 

r 

-0 .02  

-0 .02  

-o.oz 

-omoz 

-0.03 

0.00 

0.00 

-0.01 

0.00 

0-00 

+O.OI 

omoo 

0.00 

0.00 

o*oo 

0.00 

+o '15 

+oV18 

+ o S r 6  

+0'19 

+0'23 

+ o . z ~  

+oV16 

+0'15 

+o-18  

+0'14'- 

+oa r6  

- 0'24 

- o'oz 

+ 0'52 

- 0'31 

- 0.1' 

+ o - l j  

- 0.44 

- 0-15 

+ 0.04 

0.22 

- 0.09 

- 0 ' 0 2  6 44 36.8.3 I 
-0 .02  

-0.03 

-0.02 

- 0 . 0 2  

- 0 ' 0 2  

-0 .02 

-o.oz 

-0 .02  

- 0 . 0 2  

-0 .02  

6 46 42'49 

6 49 3.83 

8 11 38-37 

8 14 30'97 

8 16 29.50 

8 a1 13.55 

8 23 12.8; 

8 26 55.71 

8 39 32.41 

8 41 10-26 



A R C  T E H R A N - P O T S D A M .  

FABLE W. TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTIOT?. 

A 

2 .- 
E a 
P 'd 
g I2  
C1 

4" 

1895 

Dec. 10  

Deo. 13 

CONYNGHAM 

Corrected 
Time of 
Transit 
-T 

A m  8  

8 5a 51-87 

8 51 39.71 

8 j 7  18.11 

9 041.14 

9 4 8.64 

9 7 46 47 

9 13 56.44 

9 15 19.18 

5 51 41-01 

6 19 1.76 

6 j 2  14.10 

6 38 18.52 

6 40 31.04 

6 46 42.76 

6 49 4'02 

6 58 42.85 

7 5 16.97 

7 9 6.8, 

7 12 53.34 

Mmn 

Epoch 

Ts 

h a 8  

9 j j~ 

QdS! 

-~ d 

No. 1. 

Clock Correction 

WITH T s ~ s s o o ~ s  

Rigllt 

Ascellsion - B.A. 

h r n  8  

8 5 1  7 . 2 1  

8 53 55.04 

8 j633.41 

8 59 56.6% 

9 j 13.98 

9 7 1.81 

9 13 11 ' ; 4  

9 14 44.53 

. 5 51 56-10 

6 18 17.02 

6 31 19-19 

I 

6 37 33.75 

6 39 46.25 

6 45 58.02 

6 48 19'35 

6 57 58.11 

7 4 32-19 

7 8 21.99 

7 11 8 5; 

By each 
k t  

= 

B.A.-T 

9ll 8  

-0 44.66 

-0 44.67 

-0 44'69 

-0 44.52 

-0 44-66 

 TRANSIT^ 

Menn by 
Stnrs in 

same 
Instru- 
r~ier~lnl 

I'os~t~on in 
rncl~ Group 

8  

-0 44.635 

Star 

Name 

I Uram Maj. 

10 Uram Maj. 

rc UrsmMaj. 

B.A.C. 3097 

1524 GI-. 80 

1534 , 
88 Cnllcri 

a Ly ncin 

B A u r i p  

8 AIonocerotis 

51 Aurige 

r C t e ~ ~ ~ ~ n a r u m  

1167 Gr. 80 

0 Gellllnorum 

15 Lynvis 

{Geminorurn 

63 Acrigze 

1237 Gr. 80 

A Ueminorum 

AT 

- 
4 - 
B 
2 

E 
q z L  

i :  = 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

. . . . . . . .  

E 

E 

K 

E 

. . . . . . . .  

\Y 

\V 

JT: 

W 

W 

. . . . . . . . .  

E 

E 

. . . . . . . . .  

Mean of 
tlle 
Indru-  
nlent"i 

POB1tiol'e 

#I8 8  

TEIiRAN 

- " 
c" 
i 
0 m 

z 
5 

% ,  

13 

13 

13 

13 

13 

13 

13 

13 

1 3  

13 

8 

13 

13 

13 

13 

13 

11 

13 

13 

(E), L n t .  

Obserrod 

I o 

Transit 

h m  8  

8 52 51'.?5 

8 54 39.33 

8 57 17.61 

9 o 40.84 

8 5 6 2 2  

9 4 8.68 

9 7 46.18 

9 1.3 56.54 

9 I 5 29.04 

9 10 40 

5 5z 40.51 

6 19 1.93 

6 3 2  13.72 

6 20 34 

6 38 18.40 

6 40 30.56 

6 46 42 ' j9  

6 49 3.11 

6 58 42'90 

7 5 16.71 

6 51 3 

7 9 6.72 

7 la  53.33 

7 1 1  o 

-0 44.652 

-0 44-77; 

I 1)eclina- X 
tlon z 1 

- O  -0 44'66/ 44'70 

-0 44'65 -0 44.668 

-0 44.81 

-0 #-74 

-0 44.91 i 

0 I 

48 17 

41 rz 

47 34 

38 52 

Mean 

i a  a8 

43 39 

18 9 

34 50 

Mean 

44 56 

4 39 

39  29 

Mean 

25 14 

48 54 

34 5 

58 34 

2 0  43 

39 a9 

Moan 

25 4 

16 44 

-0 14-77 

-0 44'79 

-0 44.74 

-0 44.67 

-0 44'74 

-0 44-18 

-0 44.85 

-0 44.;7 

36 4 8 ,  BY LENOX 

N 

N 

N 

N 

9 

N 

8 

S 

N 

8 

N 

8 

X 

S 

N 

8 

N 

8 

8 

-0 44.808 

-0 44'744 

-0 44.810 

- g 
g f i  - 
4 

8  

-0.o.3 

-o*oz 

- 0 . 0 2  

-0 .02  

- 0 . 0 2  

-0.02 

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-o.or 

-0 .02  

- 0 . 0 2  

-0.0.3 

- 0 . 0 2  

-0.03 

-0 .02  

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

for 

5 .- 
1 .- 

k E z  

8  

+ 0.13 

+ 0.11 

+ 0 . 1 1  

+ 0.05 

- o ' r ;  

+ 0.13 

- 0 . 1 2  

- 0.01 

+ 0.16 

- o 38 

+ o.of1 

- 0.15 

+ 0.25 

- 0 . 0 2  

+ 0.54 

- 0 . 2 0  

+ 0.06 

- 0.15 

- 0.25 

.$ 
E - 
G 

8 

t o - 0 1  

+ O ' O I  

+o 'o l  

0.00 

0.00 

-0 .01  

0'00 

0.00 

+o'oz 

+ o ' o i  

+ o . o i  

+0.02 

- 0 ' 0 2  

- 0 . 0 2  

-0'03 

- 0 ' 0 2  

- 0 ' 0 2  

t 0 . 0 2  

+0.02 

Correct1011 

- a 

8  

+o '31  

+0.28 

+o '30  

+ass; 

+o'15 

+o. rg  

+ O ' I J  

+ o . l ;  

+0'34 

+ O . Z I  

+0.32 

+oea7  

+0'28 

+ o a z . ~  

+0'33 

t o - 1 9  

+0.14 

t o . 2 ;  

+ovz4  



A R C  T E H R A N - P O T S D A M .  

TABLE IV. TRANSITS OF CLOCK STARS AND DEDUCTIOlU O F  THE CLOCK CORRECTIOR. 

i 

i 

d a .- = 0 

g 2 - 
4 

1895 

Dee. 13 

. 

T R A N ~ I T ~  AT TEHRAN (E), Lot 3 9  a, BY LEXOX CONYKGHAM WITH TPLPSCOPB NO. 1. 

Clock Correction Star 5 

Name 

27 Lyncis 

B Oancri 

31 Lynch 

1425 Gs. 80 

Groom. Mi0 

8 Cancri 

L Cancri 

1483 GI. 80 

L Urace Maj. 

10 Ursm Maj, 

K Ursa: Maj. 

B.A.C. 30% 

1524 Ctr. 80 

1534 Qr. 80 

83 Cnncri 

a Lyncir 

1555 Gr. 80 

8 UlaseMnj. 

IOLeonia Min 

'? 
- . t  

Mean 

Epock 

- Txt 

* m  a !  

8 3s 16 

9 4 0 

" 

4 

z 
E 

* : a  1 

a 
rr 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

'E 

B 

......... 

Correction for 

Dedina- 
t ~ o n  

0 I 

51 48 

9 30  

43 ji  

Mean 

24 30 

38 12 

18 31 

29 8 

32 52 

48 27 

42 1 2  

47 34 

38 ji 

Mean 

a z  28 

43 39 

18 9 

34 50 

26 38 

52 9 

36 51 

Mean 

O 

5 

N 

8 

N 

8 

N 

S 

8 

9 

N 

N 

N 

N 

9 

N 

8 

8 

S 

N 

W 

B 
0 

6 z 

13 

13  

13 

13 

13 

5 

13 

13 

13 

13 

13 

13 

1.3 

1.3 

r j  

13 

13 

Obeerved 

T~rneo f  

Transit 

h m  a 

8 I 24.62 

8 11 38.70 

8 16 29.26 

8 1 3 1 1  

8 23 11.92 

8 26 55.71 

8 39 32-72 

8 41 10.45 

8 46 55.31 

8 52 51'57 

8 5439.54 

8 57 17-74 

9 041.03 

8 49 21 

9 4 8.80  

9 7 46-11 

9 13 56.47 

9 15 19.05 

9 19 11.68 

. 9 a6 10.11 

. 9 28 37.01 

9 18 38 

Corrected 

a Time of 
.! . 70 

. 
=T 

B 1 

8 

+o .o .~  8 I 25'33 

t 0 . 0 2  t o - 2 2  8 11 38.59 

Rigllt 

Ascension 

= B.A. 

h m  8 

8 o ~ 0 . 4 1  

8 10 53.86 

8 15 45-06 

8 22  ~ 8 . 3 1  

8 26 11.05 

8 38 47.84 

8 40 15-80 

8 46 10.79 

8 51 7-34 

8 53 55 '1 j  

8 56 ~ 3 . ~ 5  

8 5956'74 

9 3 24.08 

9 7 1-93 

9 13 11'84 

9 14 44-64 

9 18 37-19 

9 25 56.16 

9 27 62.66 

( 0 . 0 2  

+0.02 

- 0 . 0 2  

- r o ' o ~  

-0.02 

- 0 . 0 2  

-0 .02  

- 0 . 0 2  

- 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

+O'OZ 

t 0 . 0 2  

+O'OZ 

+o.oz 

+o'o.q 

+oS02 

star - 
R.A.-T 

r 8 

-0 44'91 

-0 44.73 

-0 44.67 

-0 44'71 

-0 44.90 

-0 44.80 

-0 44.72 

-0 44.66 

-0 44-69 

-0 44.71 

+O. .~J  

+o-24 

+ o . I ~  

+ O . Z I  

+0'22 

+OS27 

+ o - a j  

+o.z; 

+o.z.( 

+o:zo 

+o-34 

+0'25 

+om30 

+o.z; 

+oe38 

+o -31  

Ilenn by 
'I1 

nnrne 
~ ~ ~ t ~ ~ ~ .  
rn~.ntal 

Posit~on in 
eoc~i ~ r o u p  

r 8 

-0 44.755 

t 0.04 

- 0-23  

- o ' i o  

- 0.04 

+ 0.24 

+ 0.11 

+ 0 . 2 2  

t 0-05 

- 0.18 

+ 0.14 

- 0-23 

- omol  

- 0.13 

+ 0.34 

+ o.02 

Blenn of 
the two 
~ns t ru -  
n'ental 

PoB'tlOns 

r a 

-0 44 .73~ 

-0 44.686 

- O * O ~  

-0.02 

-o.oz 

- 0 ' 0 2  

-0.0.3 

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-a.oz 

-0.02 

- 0 . u ~  

-oao i  

- 0 . 0 2  

-0.03 

-omor  

-0 44.64 

--o 44'54 i 

8 16 29-13 

8 a3 13'02 

8 26 53.95 

8 39 31.64 

8 41 xo.52 

8 46 55.45 

8 j 2  52.03 

8 5439'86 

8 57 18.19 

9 041.28 

9 4 8:;8 

g 7 46.59 

9 13 ~ 6 . ~ 9  

9 y 29-34 

9 19 21.82 

9 26 40.83 

9 28 37.34 

-0 44.70 

-V 44.66 

-0 44.65 

-0 44-70 

-0 44'63 

-0 44.67 

'-0 g . 6 8  

-0 44.707 

-0 4 . 6 6 5  



A R C  T E H R A N - P O T S D A M .  

FABLE IP. TRANSITS OF CLOCK STAR8 AND DEDUCTION OF THE CLOCK CORRECTION. 

TBANSIT~ 

.- t 
z 

7 "  - 
- I ; %  - 

" 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

\V 

R' 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

d 

4 
5 a 
g 2 
0 a .= 
4 

1895 

Oct. 81 

AT 

'i! 
p 

Z 

6 
z 

ro 

lo  

15 

15 

9 

12 

15 

15 

15 

15 

15 

1.3 

15 

1 2  

15 

1.3 

Star 

Name 

68 Qr. 80 

71 ,, 
{Cassiopim 

8 Andromedm 

acausiopeim 

o Cawiopeim 

{ A n d r o d  

v Andromeda: 

131 Gr. 80 

r Andromeda: 

168 Ur, 80 

pCassiopeim 

BAndromeda: 

194 Qr. 80 

v Piscium 

6 Cwaiopeia 

Epoeh 

Tw 

h - 8  

o 37 11 

TPLPSCOPP 

Bight 
Amsnaion 

- B . k  

h 8 

o 24 38.68 

o 26 2.68 

o 31 11'33 

o 33 46'64 

o3437 'o j  

038  56'41 

o 41 5oSzo 

o 44 5.11 

o 46 ja.66 

o 50 59-60 

o 59 30.08 

I I 21.84 

1 3 55-27 

I 5 13.31 

I 13 45.72 

I 19 1.80 

BUBRARD WITH 

Corrected 
T ~ m e  of 
Transit - T 

J 

o 24 jo.81 

o 25 54.84 

o 31 3.36 

o 33 38.61 

o 34 29-17 

o 3848.51 

041 42-34 

o 43 57.47 

o 46 44-82 

o 50 51.55 

o 59 rzSa5 

I I 13-96 

I 3 47.27 

I 5 5.49 

1 13 37-80 

r 18 53.68 

POTSDAM 

Obssned 

Time of 

Trsnait 

h 9 N  J 

o 24 31.34 

o 25 54.87 

o 31 3'40 

o jj 39.04 

o 34 29.14 

o 19 56 

038 48.60 

o 41 42.80 

o 43 57'69 

o 46 44.54 

o 50 51.83 

0 44 2 j 

0 9 12'94 

I 1 1.3'97 

1 3 47-64 

1 5 6.20 

1 1.3 38.27 

"8 53'52 

r 7 o 

Declina- 
tion 

0 I 

zg 10 

$3 57 

53 20 

j o  18 

55 58 

Mean 

47 43 

z j  41 

40 31 

60 33 

37 56 

Yean 

5 6 

54 Z j  

3 j  4 

I 4 

26 43 

59 42 

Mean 

NO. 2 

S 

N 

N 

8 

N 

S 

8 

8 

N 

8 

8 

N 

s 
8 

8 

N 

By 
stor - 

R.L-T  

J 

+ o  7-87 

+ o  7-04 

+ O  i.97 

+ o 8-03 

+ o  7.86 

+ o  7-90 

+ o  7.86 

+ O  7'64 

+ o  1-84 

+ O  8.05 

+ o  1-83 

+ O  1-88 

+ O  8.00 

+ O  7.81 

+ O  7'92 

+ o  8.12 

(W), Lot. 6aO a$, BY 

fl 

2 
- 
6 

8 

o'oo 

-0.01 

-0 '01 

0.00 

-0'01 

+o.ot 

0.00 

f o . 0 1  

+O 'OI  

0.00 

o-oo 

-0 01 

0.00 

0.00 

O'OC 

-0.01 

Clock Correction 

?Y 
ahre 'I1 

annle 
Inatru- 
mental 

Posit~on in 
eecll 

(I( 8 

+ o  7'914 

+ o  7'858 

+ o  7'9a8 

Correction 

- c t 

8 

-0 .02  

-o 'oj  

-0'04 

-0.03 

-0'04 

+o.og 

+o.oz 

t 0.03 

~ 0 . 0 4  

+ O . O ~  

-0 .02  

-0.04 

-o.oz 

-0.01 

- 0 . 0 2  

- o ' o ~  

Daily 
Mean of 
the two 
~ ~ ~ t ~ u .  

Poaltlons 

R 8 

+ o  1.886 

for 

2 .- 
a 

8 

- 0.40 

+ 0.04 

+ 0'03 

- 0.39 

+ 0.10 

- 0.11 

- 0.4; 

- 0.24 

+ 0'26 

- 0.28 

- 0-60 

+ 0.06 

- 0.33 

- 0.69 

- 0'43 

+ 0.13 

c 
- 0  

; = 
E z  

J 

-0.01 

-o.oz 

-0 .02  

-0.0, 

-omoz 

-0.02 

-0.01 

- 0 . 0 2  

-0-0.3 

-0 .02  

- 0 . 0 1  

- 0 . 0 2  

- 0 . 0 2  

-0.01 

-0.02 

- 0 . 0 2  
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TABLE W. TRANSITS OF CLOCK STAES AND DEDUCTION OF THE CLOCK CORRECTION. 

I 

-$ 
L. Q 

-2 
0 
a 
if 

6 
R 

; 

14 

AT POTSDAM 

Observed 

Time of 

Traneit 

h m  8 

I 25 48.55 

I 31 z9-54 

16 

I; 

15 

15 

15 

15 

15 

10 

1 2  

9 

15 

14 

...... 

15 

15 

I 37 1-39 

I 39 47.65 

I 42 25-92 

I 47 2.42 

I 48 47-05 

1 38 55 

3 47 29.14 

3 50 45.80 

3 54 48.70 

3 j I I 

3 58 16.22 

4 I 0.0, 

4 7 8.97 

4 9 45.59 

4 4 5 

0 47 35.25 

o 50 18.56 

o 48 57  

TEAN~ITS 

.- - .- 
x - 
2 ' 

- 4 : :  - 
W 

W 

d 

2 .- = 0 s 
E 6  &7 

4 

1895 

Oct. 31 

UT 

W 

W 

W 

W 

. . . . . . . . .  

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

Star 

Name 

q Piacium 

u Persei 

I 

BURRARD WITH 

Corrected 
Time of 
Transit 
-T 

J  

I 25 47.99 

I 31 29.46 

cp Pereei 

o Pisciura 

275 &. 80 
a Trian y l i  

0 Arietb 

t Pe& 

Pereei 

A Teuri ' 

(W), Ld. 62' 26, BY TBLB~COPB NO. 2. 

Clock Correction 

Right 

- B.A. 

1 

;I 

I 37 1.36 

1 39 47.02 

I 42 25.38 

I 47 2 - 0 2  

1 46.55 

3 47 28-78. 

3 50 45-5 j  

3 54 46:12 

58 25-70 

4 o 59.e3 

4 7 8.81 

4 g 45.00 

o 47 34.48 

o 50 18.89 

2 e 
, = J  
6 

a  

0.00 

+ O - O I  

~ 0 . 0 1  

0.00 

0.00 

0.00 

0.00 

0.00 

+ O . O I  

0.00 

0.00 

-0 .01  

-0 .01  

0.00 

+o.o3 

+oa06  

Derlino 
tion 

0 I 

14 49 

48 6 

, 

: 

' 

8 

S 

50 10 

8 38 

16 26 

29 5 

20 a8 

Mean 

31 35 

39 43 

I* 1 2  

A m #  

I 25 55'87 

I 31 37.37 

1 37 9.40 

I 39 54'95 

1 4 2  33.28 

I 47 10.00 

I 48 54-48 

3 47 36-57 

3 50 53.42 

3 54 55.98 

3 58 33.64 

4 I 7.71 

4 7 16.71 

4 52 .8 j  

o 47 42-39 

o 50 t6-77 

8 

8 

8 

8 

8 

S 

8 

8 

Correction for 

m 8  

+ o  7'939 

+ O  7.840 

+ O  7.688 

+ o  7.895 

m a  

+ O  7.88 

+ O  7'91 

+ O  8-04 

+ O  7'93 

+O 7'90 

+ O  7'98 

+ o  7'93 

+ o  7'79 

+ o  7'8; 

+ O  j.86 

+ O  7'9.1 

+ O  7.88 

+ o  7-90 

+ o  7.83 

+ o  7 '91 

+ o  7;88 

I 
8 

S 

8 

8 

:.. 

8 

N 

- 

- 0 . 0 2  

-0.01 

- 0 . 0 1  

-0.01 

-0.01 

-0.01 

-0.02 

-0 .01  

-0.01 

- 0 . 0 2  

-0.02 

-0.01 

-0.01 

- 0 . 0 2  

+0.03 

+Q'Ol 

+o'oa 

t 0 . 0 2  

+o-02 

+oeoz  

+om02 

+O.OZ 

- 0 . 0 2  

-0.0.3 

-0.03 

--0.02 

+ o . o ~  

+o.oa 

A' T m d  3 

c Peraei 

657 Gr.80 

664 n 

139 C)r. 80 

yC~8iopeiss  

1 

m 8  

+ o  7'93.1 

+ O  7'864 

- 0.05 

- 0.63 

- 0.55 

- 0.41 

- 0.51 

- 0.~3; 

- 0.26 

- 0.59 

- 0.49 

- 0 . 1 2  

- 0.10 

- 0'56 

- 0.80 

+ 0.1; 

Mean 

21 48 

47 26 

48 g 

15 8 

Mean 

- I 43 

60 10 

Mean 

! 

.O 

. f 
5 

h m 8  

I 2 1  58 

3 57 3.3 

a 
- 0  d . 2  

e 2  , , 
6: 

: 
I 

8  

- 0 . 0 1  

- 0 . 0 2  

8 '  

+o.oz  

+o.o.q 

Nor. 1 

-L I~ 

8  

- 0.5; 

- 0.10 
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TABLE IP. TRANSITS OF CLOCK STARS AND DEDUCTION OF TEIE CLOCK CORRECTION. 

WITH 

Corrected 
l ' i ~ ~ ~ e  of 
Transit - T 

h m  a 

o 57 a j .44  

o 59 21.99 

I I 13.81 

1 3 47.10 

I 5 5'23 

I 8 10.64 

I 8 12 .0 j  

I 13 37-54 

I 18 j 3 . 6 j  

I 2; 47.87 

I 3; 1.97 

I 39 46.90 

I 42 25.25 

I 4s  2.48 

I 47 2.03 

I 48 46.51 

I 51 32.98 

I 57 23.68 

z I 11'39 

Mean 

T~ 

h m r  

1 10 53 

1 3 7  18 

2. TB~YPCOPX KO. 

Ascension 

-R.A. 

h m  r 

o 57 33'53 

o 59 go.08 

I I 21.84 

I 3 55.27 

I 5 1.3'31 

I 8 18.6; 

I 8 20.03 

1 1.3 45.72 

I 19 1.80 

I 25 55.88 

I 3; 9.41 

I 39 54.96 

I 42 33.28 

i 45 10'50 

I 47 10.01 

I 48 54.49 

I 51 40.94 

I 57 31-77 

a I 19.47 

. E - 

.z  
0 > - - 
- 

. q 3 L  L - 
u - - 
- 

W 

1%' 

1%' 

LT 

'it' 

\V' 

11- 

\V 

1 

. . . . . . . . .  

15 

E 

F: 

1': 

E 

E 

E 

E 

. . . . . . . . .  

\V 

W 

. . . . . . . . .  

- 
I .- 

g 2 
5 4 
d 

4 

1895 

Nor. 1 

AT 

P i 
s. a 

2 
0 
m 

'- 

% 
0 

% 
- - 

r j  

r j  

1.3 

14 

14 

lo 

13 

15 

6 

14 

I Z  

15 

15 

15 

15 

15 

15 

15 

15 

By each 
star - 

R A.-T 

m a 

+ o  8.09 

+ o  8.09 

+ O  8-03 

t o  8.1; 

+ O  8.08 

+ o  8.0: 

+ O  7.98 

+ O  8 .18  

t o  8.15 

t o  8.01 

- 0  8.04 

6 0  8.06 

+ O  8.03 

t o  8 . 01  

+ O  7'98 

+ O  7'98 

t o  7.96 

+ o  8.09 

+ o  8.08 

P0TSI)Ahf 

Observed 

Time of 

Trallsit 

h m  a 

o 57 26-19 

o 59 22.78 

I I 1.3.86 

I -3 47.55 

I 5 6.04 

I 8 11.40 

I 8 12 .81  

I 1.3 38.09 

I 18 5.3.52 

I 6 1 2  

I 2; 48.46 

I 37 1'38 

I 39 47-56 

1 4 2  25.82 

I 45 1.36 

I 47 2.45 

I 48 47'04 

I 51 33.54 

I 42 I I 

I 57 24.01 

2 I 11.97 

I 59 18 

T E A N E I T ~  

Clock Correction 

hlean by 
Stnrs it1 

m111e 
I1161 r11- 
nlrlltnl 

enrll 
Posit io~~ ill 

m r 

+ O  8-08; 

t o  8.010 

+ 0  8.085 

Star 

Name 

t Pisoium 

168 Qr. 80 

p Cassiopeile 

B Andromeda 

194 Or. 80 

199 1, 

200 ,, 
u Pisciiim . 

8 Cassiopeire 

q Piecium 

$I Persei 

o Piscium 

2 i 5  ff r. 80 

280 ,, 
o Trianpuli 

B Ariclia 

296 Qr. 80 

y Andromedm 

a Arietis 

1)nily 
hfrsn of 
the two 
111stru- 

Posit io~~s 
lllell'ul 

m r 

+ O  8.020 

+O 8.048 

(W), Lat. 5T 23', BY UURRARD 

Declina- 
tlon 

-- -- 

0 I 

7 20 

5 6 

5 i  2 j  

~j 4 

1 jq 

7 I 

7 I 

26 4.3 

59 42 

Mean 

14 49 

50 10 

8 38 

16 26 

54 38 

29 5 

zo 18 

17 18 

hlenn 

41 50 

i a  58 

Mean 

-. 

S 

8 

rV 

S 

S 

8 

S 

S 

X 

8 

S 

S 

8 

N 

S 

8 

6 

6 

8 

c 
2 

= ,  

G 

a 

- 0.03 

-0.0.3 

-0.05 

-0.04 

-0'0.3 

-0.0.3 

-0.04 

-0.06 

to .03  

+o'o5 

~ 0 . 0 . 3  

+0.03 

+ o . o j  

t o . 0 3  

+0.03 

+o.o3 

for 

5! 
2 
.Z 

g 

a 

- o ' i c  

- 0.73 

+ 0.00 

- 0.36 

- o.;6 

- 0.50 

- 0 . 7 0  
I - 0.48 

+ 0.25 

- 0.62 

- 0'06 

- 0.69 

- 0.60 

+ 0.0; 

- 0.45 

- 0.56 

- 0.5~)  

- 0.24 

Correction 

- 
4 

r 

-0.01 

- 0 . 0 2  

- 0 . 0 4  

-0.03 

-0.03-0.01 

-0.02 

- 0 . 0 2  

-0.02 

-0.04 

f o . 0 1  

t 0.02 

t 0.01 

+ O . O I  

+o.oz 

+o .o l  

t 0 . 0 1  

+ 0.01 

-o .o~ , -o .o .~  

-0.03-0.02- 

c 
7 . 2  - 4 

5 $ .- 
z x  

< 

a 

-0.01 

-0.0: 

- 0 . 0 2  

- 0 . 0 2  

-0.01 

- 0 - 0 1  

-0.01 

-0.01 

- 0 . 0 2  

-0.01 

-0.02 

-0.01 

-0.01 

- 0 . 0 2  

-0.01 

-0.01 

-0.0: 

- 0 . 0 2  

0.52-0.01 
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TABLE m. TRANSITS O F  CLOCK STABS AXD DEDUCTION OF THE CLOCK CORRECTION. 

r 

, 

7 

. 

4 

Q 

g :  z 4 
i 

1895 

Nor. L 

KOV. 4 

. 

AT POTSDAM 

Observed 

T I I I I ~  of 

Trnhslt 

A m  r 

3 +I  11.46 

3 42 53-38 

3 47 28.95 

4 o 59 72 

3 48 8 

3 5045'74. 

3 51 6.28 

3 I+ 48 56 

3 58 26.07 

3 54 2. 

I 13 .z8'22 

I 18 5.3'86 

I 16 16 

I z j  48.62 

I 31 29.65 

1.37 1.61 

1 3 9  47'62 

I 51 33.61 

I 37 8 

TBAN~ITS 

s .- - 

2 

... 
G 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

. . . . . . . . .  

8 

S 

8 

S 

6 

S 

8 

6 

S 

N 

S 

8 

6 

8 

6 

Star 

T; 
'Ci z 
0 

o : 
k .  

2 %  
C 
'L 

17 

15 

15 

15 

14 

1.3 

15 

11 

15 

15 

15 

15 

15 

15 

9 

7 Tauri 

691 Qr. 80 

P e w i  

c Persei 

r Persei 

4 Persei 

A Tauri 

A' Tauri 

u Piscium 

B Cassiopciae 

Piacium 

u Persei 

cp Persei 

a Piscium 

296 Gr. 80 

(W), Lot. 6'2" 2$, BY 

0 I 

23 47 

23 49 

31 35 

47 26 

Mean 

39 43 

35 30 

12 1 2  

11 48 

Mean 

26 43 

59 42 

Mean 

14 49 

48 6 

50 l o  

8 38 

17 18 

Yean 

BURLtARD WITH 

Corrected 
T I I I I ~ O ~  
T r a ~ ~ s i t  
=T 

h m  s  

3 41 10.89 

3 42 52.81 

3 47 28'46 

4 o 59'49 

-3 5045'50 

j 5' 5.96 

j 54 47.91 

3 58 25 56 

I 13 37'81 

I 18 54.0.3 

I 25 48 q 

I 31 29.52 

1 3 7  1-52 

I 39 41.02 

I 51 33.08 

.: d 

, = 
G 

8 

-0'0.3 

-0.03 

-0.04 

-0.05 

+o'o4 

ro .04  

t 0 . 0 3  

+ o a 0 3  

0.00 

-o.ot 

0.00 

t 0 . 0 1  

+ o e o l  

o'oo 

0.00 

Correct~on 

u 

,4 

8 

- 0 . 0 2  

- 0 . 0 2  

-0.03 

-0 o j  

+0'02 

+o 'o l  

+omol  

t o ' o i  

0.00 

-0.01 

-0.01 

-0.03 

-0'0.3 

-oScr  

-0.02 

Mean 

Epocl~ 

n Tw 

h m r  

3 51 5 

TBLE~COPE 

Ascellslon 

-R.A. 

h m  r 

3 41 19'01 

3 43 0.81 

3 47 36 60 

4 1 7-74 

3 50 53'45 

3 52 13.93 

3 54 55.99 

3 58 33.66 

I 13 45.73 

I 19 I.SO 

I 25 55'88 

I 31 37.38 

137  9'42 

I 39 54'97 

I j 1  4o .g j  

for 

5 .- d a 
.- 
c 

6 

r 

- 0'51 

- 0.51 

- 0-41 

- 0'13 

- 0-28 

- 0.35 

- 0.65 

- 0.54 

- 0.40 

+ 0 . 2 1  

- 0.52 

- 

NO. 2. 

Clock Correction 

c 
5 2 

- -  
2: 

r  

- 0 . 0 1  

- 0 . 0 1  

- o ' o ~  

- 0 . 0 2  

-omoz 

- 0 . 0 2  

-0.01 

-0.01 

-0.01 

- 0 - 0 2  

-0.01 

O . O ~ ~ - O . O Z  

By star each 

- - 
R.A. -T 

m a  

+ o  8'12 

+ O  8.00 

+ o  8.14 

+ O  8.25 

+ o 7'93 

- 0.05 

- 0.58 

- 0.50 

 bleat^ by 
Stars W I I I ~  111 

~ o s ~ l ~ o n  l t l  

~~lrrltrrl 

C;rolll  

n, r  

+ o  8.128 

-omoz 

-0.01 

-0.01 

1leu11 of 
the two 

"lent"' 

Illetru- 

:'0811lon@ 

m r 

+ o  8.076 

+ 0  7.99' 

+ O  8.0i/ 

4 o 8.10 

+ O  7'92 

+ O  7-77 

+ o  7-81. 

+ o  7.86 

+O 7.90 

+ o 7'95 

+ o  8'02.3 

+ o  7.845 

I 
+ O  7*871+0 7'878 
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TABLE'TV. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

- 
0 ... 
E s  z 
.d 

4 

1895 

Nor. 6 

Nov. 25 

i 

 ANBI BITS 

2 
2 " 

- 2 

" g %  

W 

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

W 

W 

.......... 

Btar 

Name 

r, Piscium 

v Persei 

cp Pernei 

o Piscium 

275 Gr. 80 

a Trianguli 

B Arietie 

296 Gr.80 

y Andromeda 

a Arietk 

p ce t i  

350 a r .  80 

355 ,, 
865 ,, 

f3 Ceti 

387 Qr. 80 

v Arietir 

AT POTSDAM (W), Lat. 62' 23', BY BURRARD 

? 
8 
2 
o 
E 

2 

Declina- 
tion 

0 I 

14 49 

48 6 

50 10 

8 38 

16 26 

29 5 

ao 18 

17 18 

Mean 

41 50 

1 2  58 

8 0 

Mean 

19 25 

55 1 2  

66 56 

8 o 

5 8 

21 31 

Yean 

WITH 

Time of 
Tmn'it 
-T 

A m 8  

I a5 48'44 

I 31 29.80 

I j7 1.79 

I 39 47.40 

I qa ~ 5 . 8 1  

I 47 2-38 

I 48 46.97 

I 51 33.37 

I 57 24-18 

1 1.11.93 

a l a  .31.lq 

2 11 13-96 

1 1 5  0.01 

a l o  23.75 

a 1 2  31.50 

1 3 0  18-73 

i j r  48'28 

% 

8 

S 

6 

8 

8 

6 

6 

6 

8 

8 

8 

9 

N 

N 

8 

8 

8 

Observed 

Time of 

Tnn"t 

TELP~COPP 

Right 
Asceneion 

-R.A. 

h m r  

I 25 55'89 

I 31 37'39 

I j f  9.43 

1 3 9  54.98 

I 42 33.30 

I 47 10'04 

I 48 54.52 

I 51 40.96 

I 57 g t - 8 1  

1 I 19.jo 

a 22  38.;) 

2 x i  aIsqI 

2 15 7-61 

2 10 31-56 

a 1 2  38-83 

1 3 0  16.04 

i 3a 55.69 

Mean 

Epoch 

- yw 

h t B  8 

I 28 z j  

I 5 3  47 

NO. 2. 

Clock Correction 

By each 
8"r 
= 

l3.A.-T 

m 8  

+ O  7'45 

+ o  9-59 

+ o  7.64 

+ O  7.58 

+ o  7'49 

15 

15 

15 

15 

10 

15 

14 

15 

15 

15 

15 

15 

15 

9 

15 

15 

15 

Correction 

h m  8 

I 25 48'94 

I 31 29.89 

1 -37 1.84 

1.39 47-95 

I 42 26.29 

147  2-74 

I 48 47.42 

I 51 33-85 

I 40 30 

157  24.42 

a 1 1 1 . ~ 6  

2 2131.71 

2 7 3 

a 11 14'40 

2 15 0.09 

2 2 0  13-55 

2 i z  31.01 

i 30 19.26 

2 32 48.71 

a a 2 1 3  

6 :  - - 
u" 

for 

Mean by 
stnrn in 

lzg. 
mrntnl 

Position in 
eat11 ~ r o u p  

a 8  8 

0.00 

+ O ' O I  

+o .o l  

0.00 

0.00 

0.00 

0.00 

0.00 

-0.01 

g . 
.d 

. d 
6 

DRi,y 
Me~rn of 

y:e:c 
n'ent81 

fll 8 

+ 0 
1 

i.66/ 
+ O  7'55 

+ O  7-59 + o  7.569 

+ O  7.63 

+ o  7.111 

+ O  7.60 + O  7.600 

+ o  7'45 

+O 7-60 

+ o  7'81 

+ o  7'33 

+ o  7.31 

+ O  1-41 + 0  7'485 

8 

0.00 

+o-01 

+oao l  

0.00 

0.00 

0'00- 

0.00 

0.00- 

- 0 ' 0 2  

* I  - 0'49 

- 0'09 

- 0.03 

- 0'54 

- 0.4; 

0.35 

- 0.44 

0.4; 

- 0.19 

- 0.41 

- 

- o ' j 6  

+ 0.06 

+ 0.40 

- 0.44 

- 0.46 

- 0'35 

- 0  a 

5 2 
5: 
1 

+ o  7'547 

+ o  7'585 

8 

-0'01 

- 0 ' 0 2  

- omor  

-0.01 

-0.01 

-0'01 

- O ' O L  

-0.01 

- 0 - 0 2  

-0 .01 

o.55,-0.01 

-0.01 

- 0 ' 0 2  

-0.03 

-0.01 

-0.01 

-0.01 

0.00 

-0.04 

-0.0; 

-0.10 

-0.04 

-0.04 

~ ~ ~ ~ ~ - o ~ o ~  

-0.01 

-0.03 

-0 'o j  

-0.07 

- 0 - 0 2  

-o.ea 

-0'041-0'03 
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PABLE lV. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

WTE 

C o ~ c t e d  
Time of 
Trnnnit 
-T 

h m  r 

a 36 59'64 

a39 12'95 

a 41 36.71 

a43 45'47 

245 38-79 

a 46 47'03 

a 53 9-66 

a 55 40.10 

a 57 to.01 

2 58 34'59 

3 1 17.99 

3 3 15.10 

3 5 34.62 

3 15 7'03 

3 16 47-86 

3 19 6-75 

3 21 25'70 

3 25 1-44 

3 a8 59'94 

Mean 
Epoch - Tw 

A a r r  

a 36 14 

3 434 

- 
d .- 
! 3 
5 Q 
4 

4 

1895 

Nov. 25 

2. TPL.BOOPP NO. 

Bight 
hccnmion 

0B.A. 

A m  r 

a 37 7-03 

139 10'24 

a 41 44.04 

a43 5a.79 

245 $6.08 

a 46 54-41 

z 53 17-0a 

a 55 47'60 

a 57 17-31 

a 58 31.92 

3 1 15.32 

3 3 aa-57 

3 5 41.06 

3 15 14'51 

3 16 55-35 

3 19 14'11 

3 a1 33-14 

3 25 9.06 

3 29 7'41 

TICANSITS 

... s 
4 z 
- 
3 

4 s ;  
;; 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

... 

-W 

W 

W 

W 

W 

W 

W 

... 

- 
B.A.-T 

a, r 

+o 7'39 

+ O  7-29 

+o 7'33 

+o 7'32 

+o 7'29 

+o 1-38 

+ O  7'36 

+o 7.40 

+o 7.30 

+o 7'33 

+o 7.33 

+o 7'47 

+ O  1-44 

to 1-48 

+O 7'49 

+O 7.46 

+O 7.44 

+o 1-42 

+o 7'47 

Star 

Nams 

0 Persei 

p Ceti 

414 Qr. 80 

41 Arieti~ 

a Arietin 

7 Penei 

Arietis 

454 Qr. 80 

y Persei 

p Penei 

B Pemei 

471 Gr. 80 

B 4rietir 

508 Or. 80 

a Persei 

o Tauri 

[ Tauri 

f Tauri 

661 o r .  80 

AT 

7 * 
p 

& 
g 
d 
?.i 

15 

15 

15 

15 

15 

14 

14 

15 

14 

3 

17 

14 

... 

18 

15 

15 

14 

18 

16 

13 

... 

Clock Correotion 

Mean by 
in 

name 
Intttru- 
mental 

ZTtk;: 

a,. 

+o 7'349 

+o 7'457 

Mean of 

:","&:: 

p:zt!e 
n r  

+O 7'417 

+ O  7.403 

Deelina- 
tion 

0 t 

48 48 

9 41 

a8 49 

a6 50 

14 39 

51 ao 

ao 56 

a6 3 

53 6 

38 26 

POTSDAM 

Obsened 
Time of 
Tramit 

h m  r 

a 36 59.64 

2 39 13-34 

2 41 36.96 

z 4345'73 

a 45 39.15 

a 46 46'97 

a 53 9-97 

a 55 40.47 

a 57 9.94 

258 24'73 

3 r 18-11 

3 3 15-35 

1 50 15 

3 8 35-06 

3 15 7-46 

3 16 48.0~ 

3 19 7-26 

3 11 26-11 

3 35 a.12 

3 29 0-14 

3 18 51 

X 
2 

S 

8 

8 

8 

8 

8 

6 

8 

N 

, 8 

(W), Lat. 52" 23', BY BURBABD 

qo 34 

28 41 

Mean 

19 ao 

ao 46 

49 30 

8 40 

9 a2 

11 35 

47 51 

Mean 

' s 
8 

... 

9 

8 

8 

8 

8 

8 

8 

... 

s: - 
: 3 2 

1 

8 

-omoa 

-0.01 

-0.01 

-0.01 

-0.01 

-oSoa 

-0.01 

-0.01 

-0.0~ 

-o'oa 

-0.02 

-0.01 

-0.01 

-0'01 

-0.01 

-0.01 

-0'01 

-omor 

-0.0~ 

2 d 
u" 

8 

+om06 

+o'o4 

+oe04 

+oeo4 

+omo4 

+om06 

+ow04 

+oSo4 

+oeoj 

+0.05 

t0.04 

-0'04 

-0'04 

-0'06 

-0'04 

-0'04 

-0.04 

Correction 

- 0 

I 

+omoi 

+o-ol 

+O.OI 

+O'OI 

+oSol 

+oeoi 

+oeol 

to.01 

+0-06'+o.o~ 

+o.oa 

+0.02 

+oSol 

-0-0.3 

-0.03 

-am05 

-0.0~ 

-O'OP 

-0.0, 

-o.06~-0.05 

for 

4 

I 
S k c ,  

I 

- 0.06 
- 0.43 
- 0.19 
- 0.30 
- 0'40 

0.00 

- 0.35 
- 0.31 
+ 0.01 
- 0.19 
- 0.17 
- 0.29 

- oS.36 
- 0.35 
- 0.05 
- 0.44 
- 0'44 
- 0.41 
- 0.07 
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PABLIF IP. !I%ANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

T B I N ~ I T ~  AT POT8DAM (W), la:. 6!Z' W,  BY BURRABD WITH T n ~ l a c o m  No. 

Bight 
Aocension 

-R.& 

h m  J 

4 7 17.18 

4 953'25 

4 13 53-73 

4 16 57'50 

4 19 19-59 

4 r r  33.92 

4 24 44-16 

4 1 7  58-04 

r 11 21.41 

r IS  7-60 

a 2a 38.83 

P 39 z o - l j  

r 41 44.05 

r 43 51.80 

1 4 5  46709 

2 46 54-42 

Corrected 
Time of 
Transit 

-T 

h a  r  

4 7 BO'OI 

4 945.93 

4 13 46-41 

4 1650.11 

4 19 21-13 

4 zz 26-43 

a .- 
K Q  
O %i 
Ei Q 

.a 

4 

1895 

Nov.25 

'f 

~ e a n  
Epoch 

Tw 

h m r  

Nov. 28 

v-  

2. 

4 17 44 

2 4057 

6tar 

Name 

657 Gr. 80 

664 $8 

y Tatui 

1 Tauri 

703 Qr. 80 

t Tauri 

L 

Mean of 
the two 
lnstru- 

;2gm 

a r  

+o  7 - 3 9  

+ O  7'019 

Clock Correction .- E! 
d .- 
.z 
a - 

4 ~ 2  
2 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

719 Qr. 80 

7%' ,, 

850 Qr. 80 

355 ,, 
&ti 

c Ceti 

414 Qr. 80 

41 Arietir 

s Arieti  

T Penei 

r Arietir 

454 Qr. 80 

y Pemi 

p Penei 

Declina- 
tion 

0 ,  

48 9 

15 8 

15 23 

17 18 

Mem 

17 41 

18 57 

Star 

".A-T 

n r  

+ o  7 - 1 7  

+ O  7'31 

+ O  7-32 

+ O  7'39 

+ O  7.46 

+ O  7.49 

+ O  7'44 

+ o  7'48 

+ o  7 - 0 2  

+ o  7'11 

+ o  6-99 

+ O  6.99 

+ O  7.04 

+0' ~ O I  

, "0 6-99 
I 
+ O  7'0s 

t o  7'016 

1 5 3  17.04 

a 55 41-61 

2 57 r l r r  

1 5 8  31:g4 

T 
I. 
0 * 

- 
2 
E 

2 

11 

15 

15 

15 

15 

5 

2 
2 

8 

8 

8 

8 

8 

8 

~ e a n  by 
in 

Instru. 
mental 

Pm;;;;p 

a 8  

+O 7'315 

+ o  7.468 

+ 0  7 ' 0 1 ~  

+O 7.01 

+ O  7'03 

+ o  6.fl 

+ o  7'00 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

. . . . . . . . . a  

W 

w 
W 

W 

W 

W 

. . . . . . . . . .  

s g aa  
4 

r  

- 0 . 0 2  

0.39-0.01 

-o.or 

-0'01 

0-38-0-01 

-o-ol ,  

15 18 

14 38 

Mean 

19 15 

ss zr 

8 o 

9 41 

18 49 

16 50 

Meen 

14 39 

52 20 

10 56 

26 3 

53 6 

38 26 

Mean 

1 2  

15 

15 

13 

15 

14 

15 

15 

15 

13 

15 

14 

15 

5 

Obrerred 

S 

9 

8 

N 

8 

8 

8 

8 

8 

6 

8 

8 

# 

8 

.- 
g _'I.. Time of 

.- 

52 49 

4 

4 14 31-19 

4 1 7  51-04 

4 23 34 

2 1 2  14.70 

r 15 0.48 

2 2 1  31.21 

a 39 13.65 

r 41 37.27 

r 43 46.06 

29 4 

2 4 39-46 

2 4647'38 

2 53 10-35 

255 40.87 

257 10'37 

z 58 a5-14 

- .ol 
-0.01 

-0.01 

-oSoi  

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

- 0 - 0 2  

-0.01 

- 0 . 0 ~  

-0-oa 

-o.oz 

-0.04 

-0.04 

+avos 

+omo3 

t o s e a  

+omoz 

+o-01 

-oSoa 

-0'03 

-omoz 

-0.02 

-0.03 

-0.01 

-0'0.3 

-0.03 

-oaoa 

-0-05 

- 0 . 0 2  

-o.oz 

+o'oa-0.03 

-0.03 

0.00 

+O'OI 

0.00 

0.00 

+O.OI 

o-oo 

4 24 36'71 

4 27 50.56 

a 12 14.39 

z 15 0.49 

r az 31.84 

r 39 13-28 

r 41 37'01 

1 4 3  45.79 

r qg jyro 

14644.34 

% %  1oao3 

n 56 40'58 

157  10'34 

2 58 24-94 

h m  8 

4 7 1 0 . o ~  

4 946.28 

4 13 46-76 

4 16 50.45 

4 I .  53 

4 19 "'59 

4 r r  16-88 

- 0.39 

- 0.40 

- 0.30 

+ o'oj 

- 0.37 

- 0.36 

- 0.24 

- 0.15 

- 0.33 

0.00 

- 0.29 

- 0.26 

+ 
- 

+o.o6 

+0'04 

+oe04 

+0'04 

-0.04 

-0'04 

. I  +oVoz - 0.07 

+o 'oI ' -  

+ o ' o ~  

+0'01 

-0.03 

- 0'39 

- 0'38 

- 
-0 ' 0~ ' -  

I 
0.37 
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.FABLE IP. TRANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

WITU 

Corrected 
Time of 
h n a i t  

-T 

i n 8  

3 I 18.37 

3 5 35-11 

3 12  57.43 

I 15 7.59 

3 19 7.23 

3 21 26-20 

3 25 2.05 

3 29 0.41 

3 35 ~ 5 . 5 7  

3 38 2 .01  

3 41 12-32 

4 31 46-31 

4 3 j  51-50 

4 39 15.55 

4 41 4 9 . i ~  

4 45 34.37 

4 50 7.68 

4 52 6.27 

4 54 25-03 

Mean 

Epoch 

- T~ 

A n t  

3 23 I0  

444  

i 

4 

0 .- 
5 2 
E Cl - 
'P 

-4 

1595 

SOY. 28 

2. TBLP~COPS KO. 

Ascension 

9B.A.  

h m r  

3 I 15'34 

3 5 4 2 . ~ 8  

3 1.3 4.30 

3 15 14 5.3 

3 19 14-13 

3 21 33.16 

3 a5 9-08  

3 29 7'44 

3 35 32-73 

3 3 8  9-19  

3 41 19.39 

I 

4 3 1  53'44 

4 36 1'5.3 

J .39 23-48 

4 42 56.12 

4 45 41'31 

4 50 14'77 

4 52 13.37 

4 5432.04 

g 
s .- 
R 
r;. 
3 

6 
Q 4 g %  

a - 
W 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

6 

I% 

E 

F, 

. . . . . . . . .  

W 

W 

W 

W 

......... 

E 

E 

R 

E 

. . . . . . . . .  

By euch 
star - 

R A.-T 

m r  

+ o  6.97 

+ o  6.97 

+ o  6.87 

+ o  6.91 

+ O  7'00 

+ O  6.96 

+ o  7.03 

+ o  7'03 

+ O  7.10 

+ o  7.17 

+ O  7.07 

+ o  1-07 

+o 7'0.7 

+ O  6'9.3 

+ o  f ' w  

+ O  6.94 

+ O  7'09 

t o  7-10 

+ O  7.01 

TBAXEITB AT 

2 e 
a 
3 
0 
P 

." 
% 

6 
2 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

17 

15 

15 

1 1  

Clock Correction 

B!ean by 
In 

aanie 
Instru- 
mental 

Poaltlon 111 

eacl~ Group 

m 8 

+ O  6.983 

+ o  7'092 

+O 7.008 

+ O  7'035 

6 tar 

Name 

B Pemei 

6 Arletia 

I 0 0  Gr. 80 

608 8 ,  

o Taun 

[ Tauri 

f Tauri 

651 &r. 80 

8 Persei 

Y Yemei 

Tauri 

737 Gr. 80 

7 Tauri 

4 Camelop. 

776 Or. 80 

789 Gr. 80 

I Auriga 

809 Gr. 80 

c Aurigs, 

Daily 
Mean of 

m  r  

+ 0  7'038 

+ O  7'0l2 

P0TSI)AM 

Obeerved 

Tim0 of 

Tranait 

h a  r  

3 118'54 

3 5 35.44 

3 1 2  57.88 

-3 15 1.91 

3 19 7.62 

3 2 1  ~ 6 . 5 9  

3 I 2 35 

3 a5 2'40 

3 29 0.51 

3 35 25'68 

3 38 1-18 

-3 41 12.61 

3 33 45 

4 31 46.81 

435  54.81 

4 39 15-52 

4 42 49.33 

4 37 27 

. 4 45 34-76 

4 5 0  7.91 

452  6 -41  

4 5 )  25.18 

4 50 34 

Declina- 
tion 

0 I 

40 34 

19 2 0  

- I 19 

30 46 

8 40 

9 2 2  

Mean 

Ia 35 

47 51 

47 18 

41 15 

23 47 

Mean 

o 47 

22  46 

56 35 

37 18 

Mean 

5 16 

33 o 

37 44 

43 40 

Mean 

$ 

S 

S 

6 

S 

S 

S 

S 

S 

8 

8 

S 

S 

S 

N 

8 

S 

8 

8 

8 

(W), Lat. 6!Z' 23', BY BURRARD 

3 a 
= 
6 

8 

- 0 . 0 2  

- 0 . 0 2  

- 0 . 0 2  

-o.o* 

-0 .02  

-0 .04  

+o 'oz  

+o.oz 

+ O . O Z  

+oaoz  

+o.oz 

- 0 ' 0 2  

- 0 ' 0 2  

-0.03 

- 0 . 0 2  

+0'02 

+O'OZ 

+0'02 

+o-02 

for Grrection 

- 
ti 

8 

+omon 

0.00 

0.00 

0.00 

0.00 

0.00 

-0.02 

- 0 - 0 4  

-0'04 

-0.04 

-0.03 

0.00 

0'00 

+O'OI 

0.00 

-0.01 

-0'o.z 

-0.03 

-0.04 

a 
Y 
a .: 
g 

e 
3 2 - 
5 
c, 

-4 

r  

- - 0 . 0 2  

- 0'30 -0 01 

- o.~, / -o .oI  

- 

- 0.36 

- 0'36 

- 0.34 

- 0.06 

- 0'07 

- 0 - 1 2  

- 0.1; 

- 0.41 

- 0'28 

+ 0.07 

- 0.1; 

- 0'38 

- 0 ' 2 1  

- 0.17 

- 0.11 

O . Z ~ - O . O I  

-0.01 

-0.01 

-o'ol 

-0 .02  

- 0 ' 0 2  

-0 .02  

-0.01 

-0 .01 

- 0 . 0 1  

-0.02 

-oSoz 

-0.01 

-0.01 

- 0 . 0 2  

- 0 . 0 2  
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PABLE IV. TRANSITS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

4 

p a 
Y 

4 

1896 

Dec. 6 

Dec. 7 

AT POTBDAM 

:2 
Tnnait  

A m  t 

3 16 50.67 

j 19 9.91 

3 18 o 

3 29 2-85 

3 29 3 

4 19 ~ 5 . ~ 6  

4 z2 29.63 

4 24 39.90 

29 54 .2 r  

52 

4 29 44 

4 59 10.43 

5 8 57.15 

5 17 32.33 

5 19 40.25 

5 11 35 

5 26 38.74 

5 29 3'70 

5 2 7 5 1  

232  51-35 

2 37 3 -41  

z .zg 17-04 

241  40'62 

a 43 49.45 

a 38 57 

3 

6 
z 

5 

I3 

... 

16 

... 

14 

6 

15 

4 

7 

. . . 

12 

17 

18 

2 2  

... 

19 

19 

... 

14 

15 

15 

15 

4 

... 

T B A N ~ I T ~  

. I : t  

1 
4 2 %  4 

%? 

E 

E 

... 

W 

... 

W 

W 

W 

W 

W 

. . . 

E 

E 

E 

E 

... 

W 

W 

... 

W 

W 

W 

W 

W 

... 

& 

S 

S 

... 

S 

... 

9 

8 

S 

S 

S 

. . . 

S 

8 

8 

S 

... 

S 

8 

.., 

8 

8 

8 

8 

8 

... 

Star 

-T Declina- NORM hon 

(W), Lot. 62' 23', BY 

a Peraei 

o Tauri 

661 Qr. 80 

703 Or. 80 

c Tauri 

719 Ur. 80 

a Tauri 

809 Qr. 80 

9 Aarigm 

a Auriga, 

888 Gr. 80 

8 Tnuri 

8 O r i o b  

cpl Orionh 

r Arietk 

0 Peraei 

p CeLi 

414 Ur. 80 

41 Ari& 

.- - - 
S 

8 

t o - 0 2  

+0'01 

-0 .02  

-0'01 

-0.01 

-0.01 

-0.01 

-0.01 

t o - 0 2  

+O 'OZ  

+ o . o ~  

+O 'OI  

-0.01 

-0.01 

-0'03 

-0.04 

-0.03 

-0.03 

-0.0.3 

0 I 

49 30 

8 40 

Mean 

47 51 

Mean 

17 41 

18 57 

15 18 

16 18 

37 44 

Mean 

41 6 

45 54 

37 17  

28 31 

Mean 

- o 22 

g 15 

Mean 

21 31 

48 48 

9 41 

28 49 

26 50 

Mean 

- 

Epoch 

- T~ 
h - 8  

4 7 6 

439.33 

BUBltARD WITH 

Corrected Time of 
Tntisit 
,r 

h a  8 

3 16 50.55 

3 19 9.49 

3 29 1-68 

4 19 2 4 . q  

4 2 2  29.26 

4 24 39'50 

4 a9 53.81 

4 52 8.67 

4 59 1 0 ' 2 2  

5 8 51-58 

5 17 31.08 

5 1939'94 

5 ~ 6 ~ 8 . 2 6  

5 29 3-18 

a 32 5s-05 

a 37 3-31  

2 39 16'67 

2 41 40.37 

2 43 49.18 

TPLX~COPX 

Bight 
*&.enlion - B.A. 

h  8 

3 16 55.40 

3 19 14.26 

3 29 7.49 

4 19 29.72 

4 22  34.05 

4 24 44-18 

4 29 58'59 

4 52 13.49 

4 59 15-10 

5 9 2'.34 

5 17 36-77 

5 1944.66 

5 26 43-02 

5 29 8-10 

-31 55.70 

2 37 7-03 

2 39 2oSa7 

2 41 44.06 

a 43 52-82 

$ 5  
q 

8 

- 0 - 0 2  

-0.01 

- 0 . 0 2  

-0'01 

-0.01 

-0.01 

- 0 . 0 1  

-0 .02  

- 0 ' 0 ~  

- 0 . 0 2  

- 0 . 0 2  

-0.01 

- 0 ' 0 1  

-0.01 

-0'01 

-0 .02  

-0.01 

-0.01 

-o'er 

Correction for 

-T .E 
6 

8 

-0.08 

-0.0) 

-0.07 

-0.04- 

-0.04 

-0'04 

-0.04 

-0.06 

-0.07 

-0.08 

-0 07 

-0.06 

-0.03 

-0.03 

+O.OI 

+o.oz 

+o.or 

+ o . o ~  

+oSor  

NO. 2. 

.t 

- 0.04 

- 0.38 

- 0'06 

0'32 

- 0.31 

- 0'34 

- 0'33 

- 0.17 

- 0.14 

- 0.09 

- 0 . 1 8  

- 0 . ~ 5  

- 0.43 

- 0-.3;  

- 0.27 

- 0.05 

- 0.34 

- o.22 

- 0.24 

BY each 
Star - 

R.A.-T 

m 8  

+ o  4'85 

+ a  4-77 

+ O  4.81 

+O 4'74 

+ O  4.79 

+ o  4-18 

+ O  4.77 

+ O  4-82 

+ O  4-88 

+ O  4.76 

+ O  4.69 

+ O  4'72 

+ a  4-76 

+ O  4.82 

+ o  3.65 

+ o  3.71 

+ o  3-60 

+ o  3.69 

+ o  3.64 

Clock Correction 

Meal1 ,by 
Stars In 

Posttion mental in 
each Group 

n r  

+ a  4'810 

+ o  4'810 

+ o  4.780 

+ 0  4.763 

+ o  4'790 

+ o  3'658 

~ ~ i l ~  
Meall of 
the two 

nle'lta' in'tru- 
Yo"L1on' 

( R J  

+ 0  4'791 

+ o  4'786 

. 
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TABLE TP. TRANSITS OF CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION. 

2 

, 

I 

AT POTSDAM (W), Lut. 6a" 23', BY BUBBARD W ~ T H  TPLXBCOPI KO. 8. 

d 

U .- - 
g S 
2 2 
4 

4 

1895 

Dec. 7 

T B A N ~ I I ~  

g - 
s 
3 

4 2 %  
k 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

T 
L 0 

g 
0 

d z 

15 

a 

lo 

20 

5 

1 2  

15 

, 3 19 11-00 

3 a5 5.87 

3 q 3.88 

3 35 29.16 

3 38 5.65 

3 41 16-09 

3 42 57.92 

3 33 I 

j 50 50.46 

3 51 10.98 

3 54 53'15 

58 30;89 

4 I 4-80 

4 7 13-80 

j 57  a7 

Observed 

Time of 

 it 

o Tauri 

f Tauri 

851 Qr. 80 

8 Pemei 

v Persei 

11 Tawi 

691 Gr. 80 

t Penei  

[ Persei 

A Tnuri 

A' Tauri 

c Persei 

657 Gr. 80 

Star 

Name 

T Persei 

464 Qr. 80 

y Pemei 

B Pereei 

t Arietis 

608 Gr. 80 

a Persei 

W 

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

Bight 

Ascension - B.A. 

15 

14 

15 

15 

15 

15 

15 

15 

17 

15 

16 

15 

15 

h m  8 

2 46 50-71 

a 55 41-24 

a 57 13'73 

3 I 21.85 

3 5 38.78 

3 15 11.28 

3 16 51.80 

3 a 42 

8 40 

I r  35 

47 51 

47 28 

4 2  15 

23 47 

23 49 

Mean 

39 43 

35 30 

1 2  la  

a1 48 

47 26 

48 9 

Mean 

Dec'ina- 
tion 

0 I 

52 20 

26 3 

53 6 

40 34 

19 20 

20 46 

49 30 

Mean 

Corrected 
Time of 
Transit - T 

3 4 5  14 

L 

' 

e 
fi .- 
s 
6 

S 

S 

S 

8 

8 

S 

6 

8 

6 

8 

S 

8 

8 

S 

S 

N 

S 

S 

S 

S 

Mean 

- Tw 

By each 
Star - 

R.A.-T 

-0.02 

-0.03 

-0.04 

-0'04 

-0.04 

-0.03 

-0.03 

+oa04 

+o-0.3 

+ o q o . ~  

+oao.3 

+oSoq 

+o.b4  

A n 8  

a 50 50 

Correcbion for 

f o 3'681 

+ O  3.633 

8 

+o.o4 

t o . 03  

+oa04 

+oa04 

+ o . o j  

+o -03  

+o-04 

c. 

5 
d 

+ O  3-65; 

Clock Correction 

Mean by 
Stars in 

1 ~ , ~ ~ ~ -  
mental 

Position in 
eacll ~ r o u p  

Mean of 
the two 
Instru- 
me!'!1 

P?slL1ons 

m a  

+ o  3'606 

+o.o l  

+0'01 

+ o , o z  

+0'02 

+ o ' o ~  

+ O . O I  

+O.OI  

0.00 

0.00 

0.00 

0.00 

+ o . o ~  

+oSo l  

.- 4 e 

d 

m a  

+ o  3.63: 

a 
- 0  
a'= 
EL? 5 ,  

33" 
1 

8 

+o-or 

o'oo 

+O.OI 

+O.OI  

o'oo 

0'00 

+O.OI 

+ O  3.63 

+ O  3.61 

+ O  3 ' ; ~  

+ O  3'74 

+O 3'77 

+ O  3'66 

+ O  3.64 

+ O  3.67 

+ o  3 '69 

+ O  3.62 

+ O  3.53 

+ o  3'6.3 

t o  3.66 

3 19 10.64 

3 25 5-52 

3 3'78 

3 35 29.06 

3 38 j .49 

j 41 ~ 5 . 8 0  

3 4r  57.63 

.j 5050.34 

3 52 1 0 . 8 ~  

3 54 52-85 

58 30.64 

4 I 4'77 

4 7 13.78 

- 0.34 

- 0.32 

- 
- 0.06 

- 0 .12  

- 0.26 

- 0.26 

- 0.14 

- 0.18 

- 0'31 

- 0.27 

- 
- 0.05 

3 19 14-17 

3 25 9-13 

3 q 7'50 

3 35 3a.80 

3 38 9.26 

3 41 19.46 

3 43 1.22 

3 5054.01 

3 52 14-50 

3 54 ~ 6 . ~ 7  

3 58 34-17 

4 I 8.40  

4 7 17-44: 

-0.01 

-0.01 

o-06-o-or 

-0.02 

- 0 ' 0 2  

-0 .01 

- o . o ~  

-0 '02  

- 0 . 0 2  

-0.01 

-0.01 

0.06-0.02 

-0.02 

m 8  

+ o  3'68 

+ o  3 '63 

+ o  3'57 

+ O  3.62 

+ O  3-59 

+ O  3'54 

+ O  3-62 

h m  8 

2 46 50'74 

a 55 44.03 

a 57 13.57 

3 I ~ 1 . 7 5  

3 j 38.52 

3 15 11.03 

3 16 51-19 

8 

0.00 

- 0 .24  

+ 0.01 

- 0.13 

- 0.28 

- o'af 

- 0.04 

h m r  

2 46 54-42 

a 55 47'6) 

a 57 17-34 

3 I 25.37 

3 5 42'11 

3 15 14.57 

3 16 55'4k 

r 

-0.02 

- 0 . 0 ~  

-o9oz 

-0.02 

-oaol  

-0.01 

-0.02 
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TABLE IP. TElANSlTS OF CLOCK STARS AND DEDUCTION OF THE CLOCK CORRECTION. 

' Z B A N ~ I T ~  

.- e 
4 

2 

' - 
- 4 s ;  

r 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

B 

E 

. . . . . . . . .  

W 

W 

W 

W 

h' 

\V 

. . . . . . . . .  

E, 

E 

E 

$ 

E 

. . . . . . . . .  

- 
0 .- 
5 2 
EO * 
2 Q 42 

4 

1896 

Deo. 10 

" ,. 
:: 
5 
' 
9 

6 
z 

10 

15 

1 7  

is 

19 

15 

4 

15 

9 

15 

15 

15 

19 

15 

16 

I; 

20 

2 0  

2 0  

20  

BURRARD WITH 

Corrected 
Time of 
h n n t  
-T 

h m  s 

2 58 29.27 

3 I 22-61 

3 3 t y 8 1  

3 5 39.41 

3 13 I.%O 

3 15 12.01 

3 16 52.76 

3 19 11.60 

3 21 30.55 

3 25 6.41 

4 I 5.60 

4 7 14.63 

4 9 50.72 

4 1.3 51'17 

4 16 54'95 

4 22  31-41 

4 2 1  41-71 

4 27 55-58 

4 29 55'99 

.4 32 11-04 

AT POTSDAM (W), Lot. 5p 23, BY 

u 
8 

8 

9 

8 

8 

S 

8 

S 

S 

S 

S 

S 

8 

S 

S 

8 

8 

8 

8 

8 ' 

8 

Star 

Kame 

p Pemei 

B Pemei 

471 Qr. 80 

8 Arietir 

600 Qr. 80 

508 91 

a Pemei 

o Tauri 

[ Tnuri 

j Tauria 

c Pemei 

657 Gr. 80 

664 ,, 
y Tnuri 

8 Tauri 

c Tmri 

719 Qr. 80 

727 1, 

a Tauri 

739 Gr. 80 

Observed 

Time of 

Transit Declins- 
tlon 

o I 

38 26 

40 34 

28 41 

Mean 

19  20 

- I 19 

20 46 

q) 30 

8 40 

9 2 2  

Mean 

12 35 

47 a6 

46 9 

55 8 

15 23 

17 18 

Mean 

18 57 

15 28 

11 38 

16 18 

15 49 

Mean 

TBLBBCOPE 

Right 
Ascension 

= B.A. 

m s 

a 5831'97 

3 I 25.37 

3 3 22-61 

3 5 42.11 

-3 13 4-34 

3 15 14'58 

3 16 ~ 5 . ~ 1  

3 19 14-28 

3 21 33.21 

.Z 25 9-14 

4 I 8.42 

4 7 17-47 

4 9 53-41 

4 13 53.90 

4 16 57-67 

4 2 2  34-10 

4 24 14-33 

4 17 58.21 

4 29 58'64 

4 32 13.65 

Mean 

Epoch 

Tw 

h m r  

3 8 10 

a 

3 ;  
2~ 
Ez 

-4 

2 
i - 
8 

NO. 2. 

4 14 54 

s 

- 0 . 0 2  

- 0 . 0 2  

-0.01 

-0.01 

- 0 . 0 1  

-0.01 

-0.02 

-0.01 

-0 .01  

-0.01 

-0.02 

- 0 . 0 2  

-0.01 

0.30-0.01 

-0.01 

-0.0: 

-0.01 

-0.01 

-0.01 

-0.01 

By eaC'l 

star - 
R.L-T 

m r  

+ o  2-70 

+ O  2-15 

+ O  2.81 

+ O  2.70 

+ O  2'54 

+ O  1.57 

+ o  2.65 

+ o  2.68 

+ o  2.66 

+ o  1-73  

+ O  z 8 2  

t o  2.84 

+ o  2.651 

+ O  2.73 

+ o  2.72 

+ O  2.69 

+ O  1.6c 

t o  1-63  

+ O  2.65 

+ o  2.61 

1 

Correction 

- 
f 
2 

h m 8 / #  

a 58 29.52 

3 I 22.87 

3 3 20'11 

.z I 4 

3 5 39-72 

3 13 2 - 2 1  

3 15 12-31 

3 16 52'85 

3 19 11.97 

-3 21 30.92 

3 1s 15 

3 a5 6.80 

4 I 5-79 

4 7 14'81 

4 951'09 

4 13 51.54 

4 16 55.31 

4 2 21 

4 22  31.72 

4 24 qi'oq 

4 27 55-92 

4 29 ~ 6 . ~ 2  

4 32 11.37 

4 2 1  27 

for 

' 
3 . 

s 

- 0 . q  

-0.08 

-0'06 

-0'03 

- 0 . 0 2  

-0 03 

- 0 - q  

- o o 3  

-0.03 

-oaog 

-0.09 

I 

Clock Correction 

Alean by 
'I1 

Ballle 
]netru- 
mental 

Pos~t~on 
encll ~ r o u p  

i n s  

+ O  2.753 

+o a*633 

+ o  1,755 

+ o  2.640 

-0.01 

-0 .02  

-0'01 

+O.OI 

+ O ' O I  

+o .o l  

+o.oa 

+o.ol  

t o . 0 1  

-c.o: 

-0 .02  

-0.02 

-0.01 

-0.01 

-0.01 

+oWo1 

+ o m o l  

+o.ol 

+ o m o l  

+O.OI 

r  

- 0.15 

- 0'1.3 

- 0 '22  

- 0.28 

- o . . ~  

- 0'27 

- 0.04 

- 0.34 

- 0.34 

- 0.32 

- 0.06 

Men11 of 
"le two 
Itlstru- 
"lental 

PoB1tlons 

m s  

t o  2'693 

to 2.698 

-0.09,- 

-0'0.2 

-0.05 

-0.05 

-0.03 

-0.0.3 

-0.03 

-0.0.3 

-0.03 

0.05 

- 0.30 

- 
- 0.29 

- 0.28 

- 0.30 

- 0.31 

- o..lo 

- 0.30 
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PABZE IIP. TRANSITS OF CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION. 

WITH 

'I'il~leof 
Transit 
-T 

h m  r 

5 1 1  48'59 

5 13 0.56 

5 1 7  34-20 

5 1941'05 

5 37 50.14 

5 49 31.46 

5 51 53.55 

3 13 2-57 

3 15 11-70 

3 16 53-53 

3 19 11.33 

3 25 7.21 

3 19 5.53 

3 35 30'87 

3 38 7-13 

3 41 17-53 

3 41 59-41 

3 47 35-10 

3 50 52'09 

4 

2 .- 
g 2 
g 2 
4 

4 

1895 

Dec. 10 

Dec. 13 

I 
ri - 
B 
a 
2 

- 

q s " .  
5 

W 

W 

'8 

W 

. . . . . . . . .  

E 

E 

E 

. . . . . . . . .  

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

W 

W 

W 

W 

. . . . . . . . .  

TRANSITS 

Mean 

Epoch 

= T~ 

h m r  

5 30 59 

j 31 15 

3 

T X ~ C O P S  KO. 

R i ~ h  t 

Aacenaion 

-B.A. 

h r 

5 1 1  51.37 

5 13 3.33 

5 17 36.86 

5 19 44'74 

5 37 51-86 

5 49 33.99 

5 51 56-13 

3 13 4'34 

3 15 14-58 

3 16 55.41 

3 19 14-28 

3 25 9.15 

3 29 7-51 

3 35 31-82 

3 38 9-29 

3 41 19'48 

3 43 1-30 

3 47 37.13 

3 50 54-04 

POTS1)AM 

Observed 

Time of 

Tranait 

A m  r 

5 1 1  48.84 

5 13 0.91 

5 17 34'46 

5 19 42.35 

5 15 32 

5 37 50'11 

5 49 31.84 

5 51 53'69 

5 46 25 

3 13 3'03 

3 15 1.3'03 

3 16 53-60 

3 19 12.74 

3 15 1-59 

.3 29 5.62 

3 19 46 

3 35 31.01 

3 38 7'45 

3 41 17.88 

3 42 59.76 

3 47 35'49 

3 50 52'32 

3 42 44 

AT 

% c 
s. 0 

2 
0 
m 
v ' 
3 

.j 
z 

14 

lo 

20 

20 

10 

6 

15 

18 

15 

17 

13 

15 

~j 

I j 

15 

15 

15 

15 

Ij 

Star 

Name 

A Aurigm 

877 Cfr. 80 

888 ,, 
B Tauri 

o Aurigm 

a Orionia 

6 Aurigs 

600 Qr. 80 

508 ,, 
a Penei 

o Tauri 

f Tauri 

561 Cfr.80 

8 Pemei 

v Peraei 

q Tauri 

591 Gr. 80 

{ Pemei 

t Pemei 

(W), La:. 6 9  23', BY BURRARD 2. 

Declina- 
tlon 

0 I 

40 1 

21 59 

37 1 7  

28 31 

Mean 

49 47 

7 13 

44 56 

Mean 

- I 19 

10 46 

49 30 

8 40 

12 35 

47 51 

Mean 

47 18 

41 15 

13 47 

13 49 

31 35 

39 43 

Mean 

By 
titar - 

R A. - T 

m r 

+ O  1'78 

to 1.77 

40 1.66 

+ O  1.69 

+ O  1-71 

+O ''53 

+o 1-58 

+o 1'77 

+ O  1-86 

+O 1.89 

+ O  1-95 

+ O  1-94 

+O 1.99 

+O 1-95 

+o 2.06 

+o 1'95 

+ O  1.89 

+O 1'93 

+O 1'95 

? 
$ 

s 
9 

9 

8 

8 

8 

S 

8 

8 

8 

6 

8 

8 

8 

8 

8 

9 

8 

8 

c 
3 2 
5 
2: 

r 

-0.02 

-0.01 

-0.02 

-o.ol 

-0'02 

-0-01 

-0.02 

-0.01 

-0.01 

-O.OZ 

0'40-0'01 

-0.01 

-oaoa 

-0.02 

-oaoz 

-0.01 

-0.01 

-o.ol 

-0.01 

Clock Correction 

Mean by 
in 

mnle 
~natru- 
mental 

::;,it;;";;; 

m n 

+o 2'715 

+o 1.610 

+ O  1.903 

+0 1.955 

for 

! - .2 
.?! 

6 

r 

- 0.14 
- 0.1; 
- 0.16 
- 0'22 

- 0.03 

- 0.35 
- 0.09 

- 0.46 
- 0.32 
- 0.04 
- 
- 0.3; 
- 0.0; 

- 0.0; 
- 0.14 
- 0.30 
- 0.30 
- 0.14 
- 0.16 

3 
fi 

8 

8 

-0.02 

-0.01 

-0'01 

-0.01 

+0.01 

+o.o~ 

+o.oz 

+o'oz 

to'oa 

+0'0.3 

+oeoz 

to'oz 

+o.o3 

-0.03 

-0.0.3 

-0.02 

-0.02 

-0.02 

-0.03 

Daily 
Mean of 

;".",;;G'I 

m 8 

+o 1.668 

+ 0  1'919 

Correction 

- 
2 2 %  

r 

-0.0; 

-0.06 

-0.07 

-0.06 

-0.05 

-0.03 

-0.05 

-0.01 

-0.02 

-0.04 

-0.02 

-0.02 

-0.03 

-0.03 

-0.03 

-0.02 

-0.02 

-0.02 

-0'01 
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TABLE m. TRANSITS OF CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTION. 

- 

 AXBI BIT^ AT POTSDAM (W), Lat. 22 29, BY BURRAED WITH T B L E S ~ O P E  No. 2. 

.- 2 t .- 
2 "  

4 s " .  
a 
H 

4 e .- 
5 ;  
g Q  
4 

4 

- 
Z 
a 

0 

6 
Z 

h m s  

4 11 26 

5 31 29 

1835 

Dec. 13 

Star 

Mean 

Epoch 

Tw 

Obacrred 

Time of 

Transit 

Corrected 
Time of 
Transit 
=I! 

.. 
& 

[ Pemei 
I 

h Tauri 

A' Tauri 

c Yersei 

664 ,, 
657 Gr.80 

y Tauri 

8 Tnuri 

703 Or. 80 

t Tauri 

719 Or. 80 

727 ,, 
a Tnuri 

888ar. 80 

@ Tauri 

8 Orionis ' 

e1 Orionie 

{ Tanri 

s Orionis 

e Auribce 

130 Tnuri 

w Aurigm 

a Orionis 

Name 

Rig,lt 

- R.A. 

Correction for 

Declina- 
tiori .g =: 

S 

Daily 
B1cn11 of 
tllr two 
I n p t r u -  
nlP'ltal 

Poyitions 

Clocl; Correclion 

m r  

+ o  1.g1o 

+ o  1.839 

By eac11 
star 
= 

R.A.-1' 

0 ,  A m  r  r  A m ;  n  m a  m a  

2 1  48 ; 8 W I j -3 58 32.63 - 0 . 0 2  - 0'31 - 0 - 0 1  3 58 32'27 3 j8 34-21 + 0 

47 26 ! 8 W r j  4 I 6-61 -0.0.3 - 0.0; - 0 . 0 2  4 I 6.47 4 I 8.44 + o  1.9; 

I 

48 g 8 W 15 4 7 15.66 -0.03 - 4 f 15.52 4 7 17.49 + O  1 ' 9 i  

Mean . . . . . . . . .  4 0 3 9  

1re:in by 
Stura ill 

same 
111str11- 
n ~ r n t e ~  

I'oaiticm ill 
ruCll ~ l . O 1 l l )  

.- 4 
2 .- 
r 

& 

15 23 

r7 18 

17 41 

18 5; 

15 28 

14 38 

16 18 

Mean 

37 17 

28 .ZI 

- o 2 2  

9 25 

- r 
a 3 
E e  s r  

E 2  

8 

8 

8 

6 

8 

S 

8 

s 
S 

8 

8 

Mean 

E 

E 

E 

E 

E 

E 

E 

. . . . . . . . .  

E 

E 

E 

E 

. . . . . . . . .  

\\' 

l j  

15 

I j 

r j  

15 

14 

I j 

14 

15 

15 

14 

~j 

- 1 

40 IV 

17 41 S ! \v 
I 

4 

15 

l j  

lo  

15 

I 

4 13 51.41 

4 16 56.16 

4 19 28.27 

4 2 2  32.51 

4 a4 42.58 

4 27 56-73 

4 29 57.1 j 

j z 2 1 a  

j 17 35.36 

5 19 43.20 

39 7 

7 23 

Mean 

5 2; 1 7  

j 31 r j . 93  -0.02,-0.02 

5 26 41.82 

5 29 6.80 
-- -1 

+o 'o t  

8 I IV 

- 0.32 -0.01 

I 
t o  1.931 

+O 1,116 

0 I.04 

+ o  1-81, 

+ o  I .RII:+-o 1.880 

! I 

S 

- 0 . 0 2  

5 33 31.;5 - O . J ; , - O . O I  j -33 31.2) 

. . . . . . . . .  

4 16 55.81 
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TABLE P. 

Observations of Transits of the same Stars at both Stations, and Deduction of the 
Dgerence of Corrected Times. 

As no Longitude stars were observed on this arc, this table doea not occur. 
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EXPLANA'L'ION OF TABLE PI. 

Deductioa of Clock Bate  Correction. 

From the results.mntained in Tables I11 aud IV,'the clock rate.correction can.now be deduced. 

Owing to the want of continuity of the observations, there- was s- difficulty in deducing the clock 
rates. Tlie method adopted has been to deduce the rate from the differences between the results of groups 
on the same night, and also from the differaces between the results on different nights, using for the latter 
observed clock corrections whose epoohs were as nearly as possible 24 l~oura aparb; slid from the two'to form 
a mean. rate founded on star observations. The relative ratededuced from the clock comparisons was after- 
wards combined with this mean rate in the usual way. 

An example will make this clear: 

On Dec. 7th there are in column 4 two vaIues of ' the clock correction; from these and the interval 
between them, the rate + -101 is deduced, and entered in column 6 : from the flrst clock correction of 
Dec. 5th and the first of Dec. 7th the rate + .ooz is found and entered in column 7; arso from the second. 
clock correction of Dec. 7th and the second, of Dec. 10th the rate + -007 is found and also entered in. 
column 7. Thus the entry in column 6 appertains solely to Dec. 7th, while those in column 7 appertdin to ,  
the intervals 5th to 7th and 7th to 10th respectively. The mean of the three therefore is taken aa the r a t e  
on Dec. 7th. 

Column 1 contains the name of the arc; 

,, 2 coutains the approximate difference af longitude in,hours, minutes and' decimals .of a minute. 

, *contains the date; 

,, 4 contains the observed clock correcltion as .deduced from observations of clock stars in Table IV. 

, Ei contains tlie epoch to which the foregoing co.rrection.correspon&, .taken also from.Table IV. 

,, 6.contains the hourly clock rate as deduced from observation of difIerent groups of clock atars on1 
the same night. 

,, 7.contains the cloek rate correction as deduced from80bservationso£ corresponding .groups of stars. 
on successive nights. 

,, 8 contains the mean value for the night. 

,, 9, 10, 11, 12 and 13 contain similar quantities to those in. columns 4, 5j 6,7 and 8%ut f6r the other. 
atation. 

,, 14 contains the.relative hourly clock rate during each night deduced from.theclock comparisons, the 
value entered is obtained from the last column of Table 111. Where there is only one - 
"Mean Difference between the Clocks" on any night, the valtie is generally the mean 
of the two rates derived from the mean difference on this night and on the nights immediately 
preceding and following it. 

We have now the howrly rate of eaclh clouk derived f;omit~ar observations, and also the relative hour1 j .  
rate of the clocks derived from the clock comparisons. I t  is clear that the last should be equal to the 
algebraic difference of the f is t .  two, i.e., using the notation given on the Table, we should have 

Hence in forming the find value of. the hourly clock rate we take H, = 4 (he + h, - R), and the 
resulting value is entered in column 15. 

, Similarly Hw = 4 @, + h, + R), which is given in column 16. 

As no longitude stara were observed on this arc, column 17 is blank. 
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TABLE TI. DEDUCTION OF CLOCK RATE CORRECTION 
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EXPLANATION OF TABZ6 VII. 

Retardation of the Blectric Current. 

The retardation of the electric current computed in this Table does not enter into the difference of 
longitude, but much interest attaches to its value, and clearly any abnormal result would throw doubt upon 
the accuracy of the clock comparison whence i t  was deduced. 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 contains the time by the East or Tehran clock corresponding to the middle of the period during 
which a comparison was being made at Tehran, that is, during which Potsdam was trans- 
mitting signals to Tehran. 

,, 4 contains the time, still by E. clock, corresponding to the middle of the period during which Tehran 
was transmitting signals to Potsdam. 

,, 5 contains the interval between the times given in columns 3 and 4. 

,, 6 and 9 contain the differences between the clocks as observed at Potsdam and Tehran respectively. 

The differences given in columns 6 and 9 have to be reduced to the same epoch and to do 
this the difference observed at Potsdam receives a correction equal to the relative hourly 
clock rate, taken from the last column of Table 111, multiplied by the interval given in 
column 5 reduced to the decimal of an hour. This correction and the corrected difference 
between the clocks as observed at potsdam are given in columns 7 and 8. 

10 contains half the difference between columns 8 and 9. 
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TABLE VII. RETARDATIOK OF THE ELECTRIC CURRENT. 

* Deduced from the values of 2nd November to lath December. 
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EXPLANATION OF TABLE VIIX 

Reduction of Clock Corrections and Clock Comparisoru, to the eame Epochs. 

Having now obtained the clock corrections at different epochs on each night, and also the differences 
between the clocks at  other epochs, it remains to reduce them both to the same epochs. 

This table deals only with observations of clock stars and the attendant comparisons. 

Column 1 contains the date. 

,, 2 contains the time in terms of the Tehran clock at which the clock compa;ison was made (takea 
from Table 111). 

,, 3 contains the time in terms of the Potsdam clock at  which the clock comparison was made (from 
Table 111). . . 

,, 4 and 5 contain the mean epochs of the clock corrections at  the two stations (from Table IV).  

,, 6 contains the difference between columns 2 and 4. . 

,, 7 contains the difference between columns 3 and 5. 

,, 8 and 9 contain the clock corrections at the epochs given in columns 4 and 5 (from Table IT). 

,, 10 and 11 coutain the hourly clock rates (from Table VI). 

,, 12 and 13 contain the corrections for rate for the periods entered in columns 6 and 7 respectively, 
that is, the product of columns G and 10, and of columns 7 and 11. 

,, 14 and 15 contain the sums of columns 8 and 12 and of columns 9 and 13. The quantities 
obtained being the clock csrrections at the epochs of the camparisms, that is, at the 

epochs coutained in coluurns 2 aud 3. 
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XABLE VIII, RFDTJCTION 'OF CLOCK CORRECTIONS 
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AND CLOCK COMPBRISONS TO THE SAME EPOCHS. 
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TABLE IX. 

Reductios of Clock Colnparieone and ' the D@'ereacee between the Clock Correction8 

to the same Epochs by Interpolation. 

As no longitude stars were observed on this arc, this table does not occur. 
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EXPLAYATION OF TABLE X: 

Deduction of the Dzflerence of Aoragitude. 

Tables I11 and VIII  contain all the data for computing the difference of longitude. 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 and 4 contain the epochs of the clock comparisons from Table VIIr. 

,, 5 and 7 contain the deduced clock corrections corresponding to the epochs in columns 3 and 4 
The entries are taken from Table VIII,  columns 14 and 15. 

,, 6 and 8 contain the numbers of stars observed at each station on each night. 

,, 9 contains the difference between the corrections of the clocks. This ia equal to the difference. 
between columns 5 and 7. 

,, 10 contains the difference between the clocks by direct comparison at the epoch given in column 3 ;. 
this quantity ia taken from TabIe'III. 

,, 11 contains the observed difference of longitude, which is equal to the snm of the quantities in the 
two preceding columns. The mean and its probable error are entered at the bottom of 
the column. 

,, 12 contains the value of the personal equation and its probable error. 

,, 13 contains the Final Difference of Longitude and its probable error. 
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TABLE X. DEDUCTION O F  TIIE DIFFEBEKCE O F  LONGITUDE. 
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The programme. 

The difference of longitude being only 2 minutes a programme consisting of longitude stars only was 
clearly indicated. I t  was made to include 3 clock comparisons and 2 groups of star observations, one group 
coming between the 1st and 2nd comparisons and the other between the 2nd and 3rd. After six successful 
nights' work had been accomplished, cloudy weather set in at both stations, and in consequence it was decid- 
ed to fall back on independent clock star observations unless an improvement took place. On March 15th a 

few longitude stars were observed at both stations and then each observer secured a group of clock stars; on 
March 16th clock stars only were obtained. 
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* EXPLANATION OF TABLE I. 

Abstract of Determinations of Cdlimation and Leael Correctwn- Cmlstants. 

Tile first three c o l n ~ n s  call for no remark. 

Column 4 contains. the mean sidereal hour at which the several determinations were made. 

Collimation. 

C o l m  5, heded C,, gives the reading of the micrometer when the collimator cross is intersected by t h e  
central transit wire, the telescope being in the position I.P.E. (i.e.  Illuminated Pivot East). 

I 

,, 6, headed C,, gives the corresponding reading, the telescope being I.P.W. 

,, 7, headed C,, gives the mean of the two preceding readings, i .e. 4 (C,+C,). C, is therefore the. 
readiilg of the micrometer when so set that the centre wire is truly colliniated. 

,, 8, headed C,, gives the reading of the micrometer as set during the observation of star transits. 
This setting mas arbitrary and was not changed in either instrument throughout the arc. 

,, 9, headed c,, gives the. collimation correction-constant for the position. I.P.E. c, is equal te 
C, - C,. 

10, headed c,, gives the corresponding correction-constant for the position I.P. W. c, is equal to. 
C, - C,. 

Level: 

Column 11, headed' I!,, gives the reading of the inicrometer when the centre wire and its rdeetion from, 
the mercury trough coincide, the telescope being in the position I.P.E.  

,, 12, headed M,, gives the corresponding reading when the telescope is in the I.P.W. 

,, 13, headed. RI,, gives the mean of the two preceding readings, i :e .  4 (Ma+ M,). 

This quantity is not used in the computations but it should remain constant and therefore affords a, 
valuable safe-guard against blunders in rsading &I, and M,. The nature of the quantity i s  discussed inl 
Chapter IV. 

Column 14, headed'h, gives the level correction-constant for the position LP.22. be is equal to  C,-35,. 

, 15, headed b,,, gives the corresponding comection-constant for the position I.P.W. b, is eq~ial to, 
- ca. 

A mean of the values of C, on. any night is taken, and c, and c, are found by tsdting the difference 
between this mean and C,; but the level is not stable a d  the same values.of b, and b, are not always 
retained for  the whole of a night's observations. 
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TABLE I. ABSTRACT O F  DETERMINATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 
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TBBLP: L ABSTRACT OF DETERMI,NATIONS OF COLLIMATION AND LEVEL CORRECTION-CONSTANTS. 
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EXPLANATION OF TABLE 11 

Deduclion. of Deviation Xrror  f rom Star  Obsercations. 

The first five columns call for no remark. 

Column 6 shows whether the star was observed at upper or at lower culmination. U standing for upper 
and L for loacr. 

,, 7 gives the number of wires over which the time of the star's transit was observed. 

,, 8 contains the value of the deviation constant A, which is equal to rn sec 6 sin 5, where rn is the 
value of 1 division of the micrometer head in seconds of time, viz : ohc39. The sign of 
A depends on those of sec 6 and sin 5, where 6 is the star's declination, (IS@'-6) being used 
for stars observed at lower culmination, and is the star's zenith distance, considered 
negative if north. 

,, 9 contains the observed time of transit taken from the chronographic record. 

,, 10 contains the correction to the time of transit on account of diurnal aberration. This correction 
is equal to - 0.020j x cosine latitude x secant declittation. I t  is therefore negative for 
all stars at upper culmination and positive for all at lower. 

,, 11 contains the correction for collimation, this is obtained by multiplying c, or c,, as the case may 
be, by m sec 6, using (180' - 6) for stars at lower culmination. 

,, 12 contains the correction for level, obtained by multiplying he o r  h,, as the case may be, by 
m sec 6 cos c, 6 and 5 having the same meanings as before. 

,, 13 contains the clock error; this is a preliminary value obtained by taking the mean of the errors 
given by stars north and south of tile zenith. If the numbers of stars at upper and lower 
culminations rcspectively be equal, a small error in the adopted value of this quantity will 
not affect the final mean value of the deviation error. 

,, 14 contains the seconds of the corrected time of transit called T. This is the sum of the seconds 
in the five preceding columns. 

,, 15 contains the star's R.A. at the time of the observation. This is either taken from one of the 
Almanacs or brought up by computation from the Greenwich Catalogue for epoch 1872 or 
1880. 

,, 16 contains the difference T - R.A. 

,, 17 contains the deviation error n = - I t  is to be noted that A contains the quantity n, A 
so that a is in terms of the micrometer divisions. 

,, 18 contains the daily mean of the values in column 17. 

The last column shows whether the telescope was pointing to the East or to the West of North. 
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TABLE II. DEDUCTION O F  DEVIATION ERROR, a, FRON STAR OBSZRVATIONS. 
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TABLE II. DEDUCTION O F  DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 
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TABLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERVATIONS. 
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TABLE II. DEDUCTION OF DEVIATION ERROR, a, FROM STAR OBSERTATIONS. 
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TABLE IT. DEDUCTION OF DEVIATION ERROR, a, FROM: STAR OBSERVATIONS. 
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- '19 

+ -30 
+ .z5 

-0.05 

9 48 18.gg 

10 54 6.44 

1 1  24 26.43 

9 48 17-04 

lo 15 48-54 

10 25 29-08 

lo 45 0-31 

8 32 21.28 1 
9 19 29'70 

9 21 58'75 

10 7 16.80 

10 14 21'19 

to 54 32-60 

-0.05 

- .)4 
+ .o5 

-0.04 

+ '03 
+ -05 

- '03 

+ .OI 

- '0; 
+ -oj 
+-.oI 

- -04 
- '04 

-.06 

+-17 

-.oj 

--06 

-*04 

-'o; 

+ -04 

+'or 

+ '30 

-'I.z 

+-06 

-.zo 

+'17 

+. 2.26 

+ 3.00 
- 1-92 

+ 3'12 

+ 1-43 
- 2-11 
+ 1-.3o 

+ 1-45 

+ 1.25 

+ 1-82 

- 0'40 
- 3-47 
+ 3-02 
- 0.27 
+ 2.78 
- 1-71 

+o 11.81 

+o 33.73 

+o ~3.80 

+o 21-49 

54'52 55-77 1 0  54 57.26 -0 1'49 - 4'5 I 

+ O  52-67 

+o j2.67 

+o 52.67 

+O 54.33 

+o 54.41 

+o 54.45 

54.49 

+o 27.51 

+o 29-59 

+o 27.60 

+o 27.69 

+o 27-;4 

+o 27'82 

24-71 

46'52 

64'96 

35'23 

72'98 

57.03110 

80.401r 

72-72 

104'19 

85-33 

54-69 

48'47 

54'05 

88.27 

44-29 

51.4; 

58.84 

9 22 29.20 

lo 14 53.21 

to 54 51-05 

8 24 36.73 

9 49 12-55 

54 57.26 

25 20-44 

9 49 12-52 

lo 16 43.j3 

lo 26 24-16 

ro 45 55.25 

8 32 47-75 

9 19 51.49 

9 22 29.08 

10 7 43-49 

lo 14 53'1; 

to 54 57.06 

-0 4.49 

-0 6.69 

+ O  7-91 

-0 1.50 

+o 0'43 

-0 0-33 

-0 0'04 

to 0-20 

+ o  0.66 

+o 1.17 

-0 0'56 

+o 0'72 

+O 2.56 

-0 0.81 

+o 0.80 

-0 1.70 

+O 1 - 7 8  

+2oS71 

+ 18-93 
+23'88 

+ 3.70 

- 4-51 
- 0.69 
+ 0.54 

- 2'1 
, - I I . ~  

- 9'7 
- 6.0 

+ 5.06 

+ 4-33 

+ 3-74 

+ 6-54 
+ 4.81 

+ 5-37 

+22'12 E 

- 1-56 

' 

+ 4-79 

W 

E 
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EXPLANATION OF T D L E  IIl. 

Direct Cornparkn8 of Clock8. 

The fikt four oolumns call for no remark. 
' 

Column 5 contains the time by the Tehran clock of the middle af the periad during which signals were 
being sent or received. 

,, 6 contains the time by the Bushire clock of the same instant.. 

,, 7 contains the difference between the clocks ae read off the chronographic record. 

,, 8 gives the mean, t o  the nearest whole second, I$ the times given in culumn 5, 

,, 9 gives the mean of those in column 6. 

,, 10 contains the mean of two corresponding differences in column 7, and is the difference between 
the clocks, freed from the effects of retardation, at  the epoch given, in t e r w  of the two clocks 
respectively, in columns 8 and 9. 

,, 11 contains the deduced relative hourly rate of the clacks. I t  is obtained as follows : - 

The change in the difference between the clocks between two consecutive comparisons is divided by 
the interval between the comparisons, expressed in hours, and the result is the rate during the interval. 
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TABLE I n .  DIRECT COMPARISON OF CLOCKS. 

* 

, 

3 
Q 
2 
. 
8 o 
2 
4 

1896 

M .  4 

! 

,, 6 

4 

,, 8 

,, 7 

dm Comparison 
d e  at 

Buehire 

Tehran 

Bhshire 

Tehran 

Bushire 

T e h  

Bushke 

Tehran 

Bushire 

Tehran 

Bushire 

Tehrslr 

Bushire 

Tehran 

Buahire 

Tehran 

Bushire 

T e h n  

Bushire 

Tehran 

Bushire 

Tehran 

Bushire 

Tehran 

J 

COmpnding f ~iie 

by 
Bushire 
Clock 

h a  8 

8 6 to.obo 

8 10 31.000 

9 46 10.000 

9 49 38.000 

11 51 10.000 

X I  53 59'000 

8 9 10-wo 

8 1a ggmooo 

9 41 10.000 

9 44 16.000 

1 1  14 10-wo 

1 1  16 58.000 

8 I 10-wo 

8 3 38.000 

9 qa 9.000 

9 45 11'000 

11 40 9'000 

1 1  4a qo.000 

8 12 8.000 

8 15 34'- 

9 43 8.000 

9 47 17'- 

1 1  41 8.000 

11 43 37.000 

h 

g 
w 
lz 
n 

z 
!a 
PI 
5 

* 
w" 
Y 

a 
4 
P; 

El 
.. H 

Clock 
Blgnsls 

tranlunitted 
fmm 

Tehran 

Bushire 

Tehran 

Bushire 

Tehmn 

Bushire 

Tehnur 

Bushire 

Tehran 

bu shire 
Tehran 

Bushire 

Tehran 

Bushim 

Tehran 

Bushire 

Tehran 

Bushire 

Tehran 

Bushime 

Tehran 

B u s h e  

Tehran 

Bunhire 

Time of 
Comparison 

by 
Tebrsn Clock 

h a  8 

8 10 1.450 

8 14 21.565 

9 50 1.430 

9 53 29.545' 

11 55 1'460 

11 9 50'506 

8 13 I-a10 

8 16 30.319 

9 45 1.264 

9 48 7'357 

1 1  8 1'296 

1 1  am 49'387 

- 8 5 2-011 

8 7 30'1rq 

9 46 1.110 

9 49 3.211 

1 1  44 1.208 

1 1  46 32.330 

8 16 1'487 

8 19 27.589 

9 47 "530 

9 51 '0.687 

11 45 1'687 

I I  47 30'791 

Relative 
Hourly 

Clock Bate 
at 

Epochs 
T slid Tw 
B 

8 

- o'o~a 

-0'014 

- 0.013 

+ 0'009 

+ 0.024 

+ onoa8 

+ 0.046 

+ 0'0j6 

+ 0'059 

+ 0'055 

+ 0'057 

+ 0.059 

i 

Mean Difference 
between the 

Clocks at 
Epocl~s 

TB and Tw 
= D 

h a  r 

o 3 51'508 

0 3 51.488 

o 3 51.453 

o 3 51.270 

0 3 5 

o 3 58-342 

o 3 52.063 

o 3 52.161 

o 3 51.269 

0 3 53'538 

0 3 53.609 

o 3 53'739 

Observed 
Difference 

between the 
Clockn 

h m  r 

o 3 51.450 

o 3 51.565 

o 3 51.430 

0 3 51'545 

o 3 5 1 . 4 ~  

o 3 51.506 

o 3 51.210 

o 3 51.319 

v 3 51.264 

0 3 51'357 

o 3 51.296 

o 3 51.387 

o 3 52.011 

o 3 52.114 

o 3 52.1~0 

o 3 52.211 

o 3 5a.ao8 

o 3 52.330 

o 3 53'487 

0 3 53.589 

0 3 53'5.30 

0 3 53'687 

o 3 53'687 

o 3 53.791 

Time 

by 
E Cloak - TB 

h r  8 

8 12 12 

9 F 45 

11 56 16 

8 14 46 

9 46 34 

11 19 a5 

8 6 16 

9 3a 

11 45 17 

8 17 45 

9 49 6 

H 46 16 

of 

by 
W Clock - 
h a ,  8 

8 8 21 

9 43 54 

11 52 f~ 

8 10 55 

9 42 43 

11 15 34 

8 a 24 

g 43 40 

X I  41 25 

8 13 51 

9 45 13 

X I  4a 23 
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TABLE 1% DIRECT COBIPARISON OF CLOCKS. 

* Bushire clock tltopped while being w o u d  betweell these two comparisons. 

Belatire 
Hourly 

Clock Rate 
at 

Epoc111 
TI and Tw 

8 

+ 0'051 

+ 0'052' 

+ 0.045. 

+ 0.056 

+ 0'063 

+ 0'060 

... 

- 0.001 

0'000 

+ 0'009 

+ 0.013 

+ 0'041 

+ oVo5j 

- 

T ~ m e  
by 

Bushire 
Clock 

A m  # 

8 14 7'000 

8 15 42.000 

9 46 7'000 

9 50 11-ooo 

9 51 59'000 

9 56 1.465 

1 1  37 1.389 

1 1  39 39.218 

8 g 1.397 

8 16 4.000 

9 40 1.309 

9 43 30'000 

11 41 I 

11 43 16.000 

8 ja 33'206 

8 -37 28.000 

lo lo 33.21~ 

lo 12 grmooo 

11 9 t'ooo 

11 11 5.000 

8 40 jl'oco 

8 43 41.000 

9 59 1.810 

lo r 19.000 

1 1  47 z'foo 

11 49 46-000 

Mean DiEerence 
between the 

Clocka at 
Epochs 

Tp and Tw - D 

8 

0 3 54'763 

0 3 54'844 

o 4 6'614 

o 4 6.692 

o 4 9'656 

0 4 9.714 

o 4 9.864 

o 4 28.843 

o 4 18.842 

o 4 18.841 

o 4 29'215 

o 4 29'251 

o 4 19.350 

Obserred 
D~fference 

between the 
Clocke 

A m  r 

o j 54.113 

o 3 54.813 

0 3 54'785 

o 3 54'902 

0 4 6.692 

o 4 6'535 

o 4 6-61] 

o 4 6.7~2 

o 4 9.603 

o 4 9.709 

o 4 9.691 

0 4 9'797 

o 4 9'813 

o 4 9.915 

o 4 28'794 

o 4 28.891 

o 4 28-788 

o 4 28.895 

o 4 28'787 

o 4 28.896 

o 4 19.156 

o 4 z9-if3 

o 4 29.190 

o 4 29.311 

o 4 29.300 

o 4 29.400 

Arc 

#. 

E= - 
W 
f;: z 
PI 
P 
I - 
E 
Z 
4 
F: 

g 
3 

m 
.2 

d - 
. 
E! 
E! .= 
4 

1896 

Urn. 8 

10 

,, 25 

,, 16 

Time of 
Comparison 

Tehran Clock 

b r  r 

8 18 1.713 

8 19 36.813 

9 50 1.785 

9 54 5'901 

9 56 5'692 

10 o 8.000 

1 1  41 8.000 

11 43 46.000 

8 13 I I . O ~  

8 20 13.709 

9 44 11'000 

9 47 39'797 

1 1  45 11.000 

11 47 25.915 

8 37 z'ooo 

8 41 56.891 

lo 15 a-ooo 

10 1 7  19.895 

12 13 30'787 

11 16 33.896 

8 45 0.156 

8 48 !oazf3 

10 j ~r-ooo 

lo 5 48.311 

1 1  5 1  32'000 

1 1  54 15'400 

Cornprison 
made st 

Bushire 

Tehmn 

Bushire 

Tehran 

Tehmn 

Bushire 

Bushire 

Tehran 

Bushire 

Tehran 

Buahire 

Tehran 

Bushire 

Tehran 

Bushire 

Tehran 

Bus111re 

Tehran 

Bushire 

Tehran 

Bushire 

Tehran 

Buehire 

Tehran 

Busl~ire 

Tehran 

Mean Time of 

by 
E Clock - Tn 

8 18 49 

9 52 4 

9 58 7 

z r  41 17 

8 16 41 

9 45 55 

1 1  46 18 

8 39 19 

10 16 1 1  

1 2  15 a 

8 46 35 

10 4 40 

I I  51 54 

Clock 
Signnls 

Lransui~tted 
from 

Tehnn 

Bushire 

Tehran 

Bushire 

Busl~ire 

Tehran 

Tehran 

Bushire 

Tehran 

Bushire 

Tehran 

Bushire 

Tehran 

Buskire 

Tehran 

Bushire 

Tehran 

Busllire 

Tehrnn 

Bushire 

Tehran 

Busl~ire 

Tehran 

Bushire 

Tchmn 

Bushire 

Comparison 

by 
W Clock 
* Yw 

h m r h a h c n  

8 14 55 

9 48 9 

9 54 o 

1 1  # 20 

8 12 33 

9 41 46 

1 1  42 9 

8 35 I 

lo 11 42 

12 lo 34 

8 42 6 

lo o lo 

[I 48 24 
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EXPLANATION OF TABLIC m. 

Transits of Clock Star8 and Deductiort of the Clock Correction. 

The heading contains the name of the arc, and indicates the station the observations at which are t o  
be found below, giving at the same time the latitude of the station, the name of the observer and t h  
telescope used. 

Column 1 contains the astronomical date. 

,, 2 contains the star's name, or number in the Greenwich Catalogue for 1880. 

,, 3 contains the star's declination and when south i t  is indicated by a minus sign. This being given, 
and also the latitude of the station, i t  is possible to. compute all the corrections to the 
observed time of trandt without reference to anything beyond the foregoing tables. 

,, 4 contains the star's aspect, that is, i t  shews whether the star at culmination was north or south of 
the zenith of the station. It is convenient to give this information as it renders i t  easy to 
see whether the deviation correction has been entered with the proper sign. 

,, 5, 6 & 7 explain themselves. 

,, 8, 9 & 11 contain respectively the corrections for collimation, level and diurnal aberration. These 
corrections are computed in precisely the same mauner as those in Table 11. 

,, 10 contains the deviation correction. To form this the appropriate value of a is taken from Table I1 
and multiplied by rn sec 6 sin c. I t  is to be noted that the quantity a given in Table I1 is 
an error, not a correction; so that when forming the correction aA the sign must be changed. 

,, 12 contains the corrected time of transit = T. This is the algebraic sum of the five preceding 
columns. 

,, 13 contains the star's R.A. brought up from the Almanac or Catalogue to  the epoch of the 
observation. 

,, 14.aontains the difference between the two preoeding columns with the sign appropriate to a 
correction. 

,, 15 contains the mean value of the elock correction by stars observed in the same instrumental posi- 
tion. I n  column 7 the mean of the observed times of transit of groups is taken out, and is 
the epoch of the mean clock correction in column 15. 

, 16 & 17 contain the daily mean of the two instrumental positions, and the epoch to which i t  
corresponds. If there are two groups, one I .P .E.  and one I .P .  W., the mean of the two 
clock corrections Is taken as corresponding to the mean of the two epochs ; but if there are 
three groups, one I.P. W., one I .P.E.  and again one I .P.  W., the mean of the two values 
I .P.W. is taken for the mean of their epochs, and then this mean value and epoch are 
combined with the I.P.E. value and epoch to obtain the quantities to be entered in these 
columns. 
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TABLE m. TRANSITS OF CLOCK STABS AND DEDUCTION OF THE CLOCK CORRECTION. 

TBANBITB AT TEEBAN (E), Lot. 36' PZ, BY LENOX CONYNQHAM WITH T X L ~ C O P P  NO. 1. 
-- 

4 

d .- 

4 

1896 

Mar. 15 

Right . 
hcension - B.A. 

A m  r  

9 54 45.42 

1043 49.96 

10 47 32.87 

lo 50 1'85 

lo  5341.92 

11 11 l o  

Star 

a urn Moj. 62 19 N E 10 1 0  58 38.60 10 58 18.61 10 57 23-72 - 1  14.89 

x Leonis 

Mean 

Epoch 

- T~ 

h r r  

Clock Correction 

v Urea: Maj. 

s Luonia 

181G Gr. 80 

1843 ,, 

1850 GI. 80 

x Ursm Maj. 

B Leonis 

Ursm Maj. 

Time of 
Traneit - T 

A m  r  

9 56 0.60 

1045 5-01 

10 48 47.92 

lo 51 16.97 

lo 54 56.99 

E 

; 
0' 
+ 
3 

E 
- 4 s :  a - 

W 

W 

\V 

W 

W 

. . . . . . . . .  

each 
Star 
= 

RA.-T 

Y 
5 

8 

8 

8 

S 

N 

Name 

r Leonie 

1 Leohie 

1743 Qr. 80 

1745 I ,  

1751 ,, 

Declina- 
t ~ o n  

0 I 

8 j r  

11 6 

34 47 

34 4 

40 59 

Mean 

Mean 

33 39 

6 36 

17 a 

44 12 

Mean 

21 56 

48 21  

15 9 

54 16 

Mean 

% 
2 " 
a 

0 
'k 

9 

13 

8 

10 

7 

?+mu by 
In 

~ ~ ~ t ~ ~ -  
n~ental 

Poaltion in 
each Group 

Hean of 

~ns t ru -  

.S 

S 

8 

N 

S 

N 

S 

N 

Obeerred 

Time of 

Tramit 

A m  r  

9 56 0.15 

10 45 5.24 

10 48 48-05 

10 51 17.10 

I Q  54 5i.10 

1039 14 

r r  r ; I .  r  

- I  15.18 

- I  15-11 

- I  15.05 

- I  15.12 

- I  15-07 

. . . . . . . .  

W 

SV 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

. . . . . . . . .  

Correction for 

- I  15.106 

1 2  

I I 

lo  

I r  

11 

lo  

rz 

i 3  

n 

2 3 
2 g 
4 

r  

- 0 ' 0 2  

- 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

-0.02 

.$ 

.$ - 
S 

r  

-0 .02  

-o'oa 

-0 .02  

-o.oz 

-0.02 

I I o a4 

11 14 9.90 

11 17 4.1.3 

11  21 28.86 

11  34 6.73 

11 21 42 

11 36 40.31 

11 41 52.18 

1 1  45 2.86 

I 1 49 40.60 

I I 43 19 

- 0 

r  

-0.04 

-0.06 

-0.09 

-0.08 

-0.09 

.B Y 

.s! 
- 5 6 2 , :  

r  

- 0'07 

- 0.0; 

0.m 

- 0.01 

+ 0 . 0 2  

- 0 . 0 2  

-0 0'2 

-0.02 

-0.02 

+oao2 

+o.oz 

+ o  0 2  

+o.o3 

-0.08 - 0.01 -omoz 11 14 9.77 

-o.o6(- 0 - 0 8 , - o . o ~  11 17 3.95 

I I  21 28-70 

11 34 6'84 

11  36 40.19 

11.41 52'12 

1 1  45 2-73 

11 49 40.56 

-0.07 

-0.10 

-0.08 

-0.11 

-0'07 

-0.12 

I I  t a  54.93 - I  14.84 

I I  15 48.89 

11 20 13.69 

11 32 51.62 

11 35 25'37 

11 4037.27 

11 43 47.86 

11 48 25-;;r 

I - 

+ 0'03 

- 0.04 

+ 0.05 

- 0.06 

+ 0.08 

- I  15.06 

- I  15.01 

-1 15'22 

- I  14-82 

- I  14.85 

- I  14'87 

- I  1 4 ' ; ~ ' - 1  

0.05'-0.02 

- 0 ' 0 2  

- 0 . 0 2  

- 0 . 0 2  

-o.oz 

-0.03 

- I  15'033 

14.833 - I  14.969 
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TABLE IP. TRANSITS OF CLOCK STARS AND1 DEDUCTIOX. QOF THE. GLOCE CORRECUON. 

I TBAX~ITS a.r TEHRAN (E), Lat. 36 49, BY LENOX CON-ENGI$AbX WITH T E L I I S ~ B  No. 1.. I 
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Z'ABLE IV. TRANSITS OF CLOCK STARS AND DET)UCTION OF THE CLOCK CORRECFION. 

4 

0 .- 
E? 4 
g Q - 
4 

1896 

Mer.16 

I 

I 

I 

I 

Mean 
Epwh 

- T* 

A a r  

10 54 a 

! ~ A N B I T B  A T  TEHRAN (E), bt. 36' 42', BY LENOX CONYNGHAM WITH TELEBCOPX NO, 1. 

Star 

&me 

31 Leonis Min. 

36 U r n  Maj. 

1709 Gr. 80 

1713 ,, 

1722 Gr. 80 

42Lsoeia Min. 

l Leonis 

1741 Gr. 8(3 

a Ursm Mnj. 

x Leonia 

JI Uram Maj. 

8 Leonis 

v U r m  Maj. 

a Leonis 

1816Gr.80 

1843 ,, 

Dedma- 
tion 

0 # 

37 14 

56 31 

36 52 

32 31 

Mean 

57 45 

3a 14 

r r  6 

34 47 

Mean 

61 19 

7 5.1 

45 4 

21 5 

Mean 

33 40 

6 36 

17 2 

44 I Z  

Mean 

Corrected 
Time of 
T m i t  
-T 

h m  r  

l o  23 9-10 

ro 25 16.44 

10 31 40'31 

s 
:2 
m 

- 
5 2 

* s % '  

E 

E 

E 

& 

N 

N 

N 

6 

W 

8 

8 

8 

N 

8 

N 

S 

9 

S 

S 

N 

? 
E 
m 

2 

rr 

I I  

9 

Observed 

Timeof 

Tnnait  

i m  r  

t o  23 9 . ~ 1  

ro 2 j  16.37 

ro 31 40.32 

Bight 
Ascension - B.A. 

h  r  

ro 21 55.38 

10 24 2.65 

ro 30 26.45 

E 

. . . . . . . . .  

W 

W 

W 

W 

. . . . . . . . .  

E 

E 

E 

E 

. . . . . . . . .  

W 

W 

I 
W 

......... 

11 

11 

l o  

i r  

11 

8 

10 

ro 

11 

12 

10 

1 1  

I I  

l o  34 8.82 

10 28 34 

ro $I 21-74 

l o  41 ~1.8.3 

ro q j  3'92 

10 48 46-70 

ro 43 a5 

ro  58 37-33 

I I  o 55.39 

t r  5 6-25 

51 9 51-04 

I I 3 37 

rr 14  8.59 

I I  17 2.80 

, , I  21  27.53 

I I 3 4 ,  5.3; 

11  2 1  41 

n 

. = 
B 

r  

+o-03 

+ o . o ~  

+0'03 

star 

R.A. -T 

m r  

- I  13.71' 

- I  13-79 

-I 13 -W 

10 31 55-07 

10 37 13-70 

r o  40 7.89 

1 0 4 3  49.96 

1047 32'87 

rv 57 23 .72  

'0 59 41.57 

r 1  3 52.62 

11 837.41  

11 rz 54.94 

11 15 48.90 

11  20 13.69 

11 32 51.62 

Correction 

J 

r  

-o.ot  

-0.03 

- 0 . 0 2  

for 

-3 

.- % a 

r  

+ 0.08 

o'oo 

Clock Correction 

Mean by 
in 

~ a m e  
1nstru- 
mental 

Position in 
each Group 

m r  

c - o  

0: 

i5id 
1 

r  

0.00-0.02 

-0.03 

-o.oz 

+0.03 

-0'05 

-0.03 

-0.03 

-0.03 

~ 0 . 0 6  

+0.05 

+o.o4 

+0.03 

-0.03 

-0.03 

-0.0.; 

-0.04 

- I  13.73 

- I  13.97 

- I  13.83 

-1 13.82 

- r  r3.73 

- I 13.61 
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PABLZ IP. !l%ANSITS O F  CLOCK STARS AND DEDUCTION O F  THE CLOCK CORRECTIOIQ. 

\ 

1 

Tunsr~s  AT BUSHIBE (W), Lot. W 65', BY BURKARD WITH TPLBBCOPE NO. 2. 
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+ o  52'72 

+ a  5a-75 

+ O  52.77 

+O 51-31 

+ O  54-30 
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I ! h u a s ~ ~ s  AT BUYHIBE (W), Lot. 280 66', BY BURBARD wrra ! ~ L M C O P B  No. 2. 
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EXPLBNATION OF TABLE P. 

Observatiorts of Transit8 of the same Stars at both Stations, and Deduction of the 
Bz'erence of Corrected Times. 

This Table includes observations at both stations. 

The seconds of corrected time of transit in the case of the eastern station, Tehran, are obtained 
precisely as in Table I V  for clock stars. But in the case of the western station, Bushire, there is an 
additional correction on account of the rate of its clock. 

The quantity sought h the difference between the errors of the two clocks at a particular epoch, 
namely, that at which the star transited at the eastern station. Now the interval between the transit of a 
star at the eastern station and its transit at the western station is equal to the difference of longitude, so 
that the observed time of transit at the western station requires a correction equal to the change in the 
western clock's error during an iuterval equal to the difference of longitude, i.e., equal to the clock's hourly 
rate correction multiplied by the difference of longitude expressed in hours. This quantity is found for 
each night in the last column of Table VI. There is therefore a slight inter-dependence between these 
two tables, but no confusion results in practice, for the quantities required from Table V in order t o  
form Table V I  do not include the correction for clock rate : thus Table V may be brought up to the point 
immediately preceding this entry, then Table V I  can be computed in its entirety, and lastly the f ind 
columns of Table V filled in. 

Having obtained the seconds of corrected time at each station, the difference between them is taken 
out. These differences are combined into means according to the positions of the two instruments, and 
corresponding to the mean epochs of the groups, and lastly these means are combined into final m e w  
corresponding to final mean epochs. 
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STATIONS, AND DEDUCTION OF THE DIFFERENCE OF COBlZECTED TIMES. 

TEIIBAN (E), &at. 860 43: Loag. 3' 2 6 :  AND BUBHIRE (W), Lot. 28' 65', Long. 3b W. 

Tmaarra Onnmvm AT BUSHIRE (W) BY BUBBABD WITH f i ~ n s c o ~ r  No. 2. 
DSerence of Correctad Timeb by 

E and W Clocks I 
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43 16 

35 57 

3531 

3651 

a6 40 

37 45 

a9 16 

M a n  

45 4 

SI 5 

Yeu 

41 m 

- 3 33 
14 a9 

4 6 1 s  

ZI 51 

a 8  31 

7 

4 2 

Mean 

1 3  - 
P 
a 
&i 

N 

N 

8 

El 

8 

N 

8 

... 

I? 

8 

N 

8 

8 

N 

9 

8 

N 

N 

g g  
* 0 

5 %  

W 

W 

w 
W 

W 

w 

... 

3E 

E 

. . . . . .  

E 

E 

E 

E 

B; 

E 

E 

E 

. . . . . .  

No. 1. 

Becondr of 
Comcbd 

T ~ m e  

8 

17-oz 

11-63 

1-57 

50'96 

46-90 

38'14 

15-45 

16.78 

1-53 

6-46 

53'02 

52-45 

16-35 

41'65 

12-06 

14-48 

14.01 

lhuxsna O s a l s m ,  

Obmerred Time 

A m  8 

to *a 11.q 

lo a1 11-70 

lo 29 1.64 

10 31 50.03 

so 34 45-94 

10 38 

lo 42 15-49 

I 0  p 0 

11 5 16-74 

I# lo 1-47 

1% 7 39 

8 19 6-30 

8 11 52.90 

8 23 52-33 

8 35 16-16 

8 38 4f.53 

8 40 11-94 

8 46 24'- 

8 51 13.92 

8 .U 35 

AT TEEBAN (E) BY LENOX CONYNGHAM w r r ~  T n x s c o ~ z  

-oaoa 

-0.01 

- 0.01 

-0'01 

-0'02 

-0.01 

-0.01 

-0.02 

-0.01 

- 0.01 
-0.02 

Diurt1.1 
Aberration 

8 

-0.01 

-0.01 

-0-01 

-0'0~ 

-0.01 

-0.03 

+oeoa 

-0.w 

+ 0.01 

0.00 

+ O'OI 
-0-01 

+O'OI 

-0.01 

-0'01 

+O'OI 

+O'OI 

-0.04 

+ 0.d 
+ 0.04 

+ 0.q 
+oaos 

+0.06 

+ 0.08 
+oSo6 

+ 0.06 

+ 0.08 
+0.08 

for 

Devirtion 

8 

-0-1 

0-00 

0.00 

0.00 

+ 0.01 
-0.05 

+ 0.00 

+oaoa 

+o'm 

*O'XI 

+ 0.07 
+o-a) 

+o'I~ 

+o.a) 

+ 0.9 
+o-#a 

+o-11 

Correction 

Collrrmrtion 1 b v d  

8 

- 0.05 
-0.05 

-0.05 

-0.05 

-0.04 

-0.07 

8 

+o-01 

0.00 

0.00 

0.00 

0.00 

+o-on 



A R C  T E H R A N - B U S H I R E .  

STATIONS, AND DEDUCTlON OF THE DIFFERENCE OF CORRECTED TIMES. 

Mean 
Rpwh 

= T, 

i #  J 

ro 48 50 

TEHRAN (E), U. 309 42', Lang. 3b 26: AND BUSHIBE (W), Lot. a80 56; Long. 2 P .  

OB~EBVXD AT 

Obeemed!Cime 

h m  c 

to lo 46'67 

o I I 

to 27 31-15 

to 30 20.41 

NO 33 16.61 

10 37 7.20 

10 40 a.19 

11 3 46.3j 

1 1  8 31-45 

8x335'08 

8 20 22.23 

8 21 11-36 

8 y 44.82 

8 33 10.57 

8 38 41-08 

84452'93 

8 49 42'40 

Times by 

"1' 

Pont~ons 

I)) 8 

- I 30-180 

i e 
i rr 

.ij 

N 

X , 

N 

N 

S 

N 

9 

X 

S 

N 

8 

8 

B 

8 

8 

N 

,V 

Difference 

By 
Ytsr - 

o c  

- I 19-96 
I 30.25 

I 30.18 

I 30.28 

I 30'29 

I 30'18 

1 30.22 

-1.30-18 

I 30.15 

- I 30'89 
I 30.90 

I 30.88 

I 30.98 

1 30.90 

r 30.85 

I 31-04 

r 31 -06 

2. 

Second8 
O€ 

C c ~ ~ ~ ~ e d  

c 

47-06 

42-38 

31-39 

20.68 

16-61 

7-96 

45'23 

46-60 

31-38 

35'57 

22.12 

21-57 

45'37 

10'75 

41-21 

53'44 

41-95 

f i ~ n s r r s  

js 
Eo' 

2.5 
t h  
5 

W 

W 

W 

W 

W 

W 

w 

E 

E 

E 

E 

E 

E 

E 

E 

E 

of Corrected 
E aud W  clock^ 

Mean by 
s t a n  in -me 
In~trurnenbl 

Position 

m a  

- I 30.194 

- r 30'165 

- I 30'938 

BDSHfBE (W) BY BUBBABD wrrx T ~ I O O P P  NO. 

Correclion for 

CO1lima 1 Level 1 Deviation tion 
1)iurnal R.te of . 

* ~ ~ ~ -  w clock 

c 

0.00 

o'w 

o-oo 

0.00 

0.00 

0.00 

0.00 

0.00 

o'oo 

+oao3 

+oeoz 

+o-03 

+o.o.t 

+oao3 

+o-oa 

+om3 

+o-03 

c 

0.00 

0.00 

0.00 

0.m 

0.00 

0.00 

0.00 

0.00 

0.00 

0'00 

0-00 

0.00 

0.00 

0'00 

0.00 

0.00 

0.00 

c 

+oano 

+0'19 

+oa18 

+on19 

+oa15 

+o.zg 

+0.16 

+o.o~ 

+0.04 

+asp 

+om19 

+o-25 

+oe31 

+oma4 

+o.23 

+om30 

+o-31 

c 

+ o . ~ I  

+ o m q  

+om08 

+omlo 

-0'13 

+o.gq 

-0.10 

+on23 

-0.09 

+oW18 

-0-p 

-0-05 

+o'y 

-0.07 

-0.10 

+oezo 

+oe24 





ARC TEHRAN-BUSHIRE.  

STATIONS, AND DEDUCTTON OF THE DIFFERENCE OF COBRECTED TIMES. 

, 

TEHRAN (E), LaE. 339 42', Lwg. 3' 2 b :  AND BUBHIBE (W), 

Mean 

Epoch 

- 

h m  8 

.I 

8 54 18 

10 50 33 

k t .  Zba 68', hrg.  3b asl. 

4 

K 
4 
9 3 

m 

N 

S 

N 

N 

8 

8 

N 

N 

K 

N 

N 

8 

6 

N 

8 

N 

h' 

N 

8 

8 

N 

8 

N 

3~ 
g.2 
E 
2 0  
r 

W 

w 
W 

W 

w 
W 

W 

w 

B. 

E 

E 

E 

E 

E 

E 

E 

W 

W 

w 
W 

W 

W 

W 

W 

w 

TBlre~m O ~ s m v m  AT BUSHIRE (W) BY BURBARD WITH TXLSSCOPP NO. 2. Timm by 

Mean of the 

Pooitionr 

a 8  

- I 31.014 

- 1 31.119 

Difference 

By each, 
Star _ - 

II 8 

- I 31'30 

I 3 ~ . 1 6  

I 31.17 

I 3 1 . ~ 3  

1 31'01 

I 30'9% 

I 31 .OS; 

I 31.08 

- I 30'91 

' 1 31.02 

1 .30.99 

~ $ 3 1 ' 1 3  

1 . 3 1 ~ ~ 6  

I 3 1 . 0 ~  

I jr:og 

1 31'03 

- 1 31'31 

1 31.29 

I 31'21 

I j r - r l  

I 31.21 

I 31.09 

I 31'17 

I 31'31 

1 31'16 

Observed Time 

h a  8  

8 ~9 49.69 

9 3 17'31. 

9 6 55-02. 

9 8 45-93 

9 13 5-14. 

9 14 38.m. 

9 15 4 . 8 6  

9 11 45.96 

I* t.0 4*.6c 

10 4 39.95 

lo 18.98 

1 0 3 0 1 8 . 2 1  

1 0 3  14:43 

ro 34 30.36 

se 4.91 

~~~~~~~96 

IV 33'44 

I @  58 39.10 

of Correcled 
E and W Clockn 

Zlle 
111etrumenta1 

Yo8iLion 

I I ~  

- I 31.089 

- 1 31.030 

- I 31.207 

of 

O 

a 

50.06 

P7'45 

53'49 

46.14 

5'34 

3LT-31 

42.01 

46-31 

45'11 

40.32 

29'34 

18.60 

14.54 

30 .61  

5.79 

43.09 

33'85 

39'47 

Correctio~~ for 

44.4; 

19-jz 

35.10 

46.66 

40.81 

2-45 

5'63 

a 

0.00 

0'00 

0'00 

0.00 

0'00 

0.00 

0.00 

0.00 

0.00 

0.00 

0'00 

0.00 

0-00 

0.00 

0.00 

0'00 

0.- 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Collima- 

8 

-0.03 

-0'03 

-0.03 

-0.03 

-0 .02  

-0.0.3 

-0.0.3 

I -0.03 

+oB03 

+0.03 

+O.O.~ 

+om03 

+o:oz 

+oao3 

' +0.04 

+0.01 

-0.03 

-0.03 

11 3 4 . 3 ' 9 & /  -0.0.3 

11 8 19.19 ' -0.01 

1 1  9 3t.95 -0.0.3 

11 11 46.36 -0.0.3 

11 15 40.83 1 -0.02 

i 
11 17 1-98 -0.03 

I 10 1 - 0  

8 

+o-JO 

+o.26 

+oa31 

+o.zg 

+oe25 

+ o . q  

+o.-26 

+0.30 

+0.30 

+oa18 

+oa27 

+o . t8  

+o.r3  

+o. t j -  

+o..?r 
I 

+ 0 . ~ 3  

+o..?r 

+o.30 

+o..3.3 

+o'z5 

'0.16 

+o-29 

+0 '23 

+o.32 

+'0'25 

+o- rz  

-0.07 

+oezo 

+oeo7 

-0.11 

+ o'ol 

-0.06 

+o'no 

co.19 

+oS08 

co.08 

+ W I O  

-0.12 

-0.01 

+ o . p  

-0.1s 

+oer5  

+o ' rz  

+o . l z  

-0'08 

-0.06 

+0.06 

-0.21 

+o.ro  

0 

1 

a / ,  

-0.01 

-0.02 

-o'er 

-a-os 

-0.01 

-0.01 

-0 .02  

-050z 

-0'0% 

-0.02 

-o-o, 

-0 ' 02  

-o.oo 

- 0 . 0 ~  

-0.03 

-0.01 

-0.01 

-0.02 

-0'0.3 

-o.ol 

-0.02 

-0.02 

- 0 . 0 2  

-o.oz 

-0.02 
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TABLE V. OBSERVATIONS OF TBANSITS OF THE SAME STARS AT BOTH 

0 
4d 

if 
'3 

; 
d 

2 

1896 

M m h  7 

(E), 2 2 .  S P  49, Loxg. 3' 2 b :  AND BGBHIRE (m, Lat. 289 db', Long. 6 23.. TEHRAN 

k'am 

1425 Gr. 80. 

I464 , .  
yCumri 

1 C a l ~ ~ r i  

B.d.C.2989 

B.A.C.8025 

B.A.C.8097 

1624Gr. 80 

l5s-4 ,, 

1689 ,, 
83 Cancri 

40 Lynois 

1571 Qr. 80 

10Leon.Min: 

A Ume Maj. 

1686Gr. 80 

1706 ,, 
1709 ., 
1714 , 
1717 ,, 
1752 , 
1730 , 

Y 

P 

-2 5; 

8 

N 

8 

S 

N 

N 

. . . . . a , . .  

N 

8 

N 

8 

N 

. . . . . . . . .  

N 

N 

8 

N 

8 

8 

N 

. . . . . . . . .  

STAB 

Declination 

0 I 

14 19 

4 6 1 s  

11 54 

a8 ja 

44 7 

46 a 

Maul 

$! 51 

nr a0 

43 39 

35 4 

a8 g 

34 50 

a3 a6 

36 51 

Mean 

26 

35 57 

45 31 

36 3s 

a6 40 

a% 4 

57 45 

1 9 1 6  

Mean 

- 
: a  
$? .2 = 
: B  

2 04 

E .  

E 

E ,  

E .  

E 

E 

W .  

W .  

W  

S W  

8 W  

B W  

W -  

W 

W - 

W 

W 

W 

W 

W 

W 

% W  

1. 

Seconds of 

"" 

J 

51-64 

'5'57 

40'89 

11.20 

13' 10 

1.3'14 

ao..3i 

47.71 

l5.74 

16.47 

35'46 

8.38 

1z.10 

16'57 

15'35 

10.59 

59-60 

4?46 

44'85 

0.91 

36.16 

11-43 

1hxa1m OBE~BVXD AT 

Oboewed !Pime 

h a  8 

8 a3 5' -61 

8 15 15-48 

8 38 40.86 

8 40 a1-a8 

8 46 13.61 

8 51 13-15 

8 39 '6 

9 a 10.46 

9 4 47'84 

9 a a5'89 

g lo 16-6a 

9 a4 35-60 

9 16 8-51 

9 17 12-54 

9 29 16-71 

9 14 0 

10 $1 r5.54 

lo SI 10.77 

ro r8 59-76 

10 31 49'44 

re 34 45-01 

so 36 1.10 

to 38 36-59 

ro 41 13.61 

1 0  30 44 

TTPHBAN (E) BY LEKOX CONYNGHAM WITH T n r s c o ~ a  No. 

Collimation 

8 

+om06 

+o.& 

+ 0.06 
+ 0.06 
+o.d 

+ 0.08 

-0.07 

-0.06 

-0.d ' 

-0.07 

-0.06 

-0.07 

-0.06 ' 

-0-07 

-0.08 

-0.07 

-0.07 

-0.07 

-0.06 . 
-0-07 

-0-11 

-0.06 

Correction for 

, II"J Deviation 

# 

o * w  

+O.OI 

0- oo 

0.00 

+o-01 

+O'OI 

-0-05 

- 0.04 
-0.06 

-0-05 

-0.04 

- 0.05 
-0.05 

-0.05 

-0' to 

-0.09 

-0.09 

-0-09 

-0.07 

-0.08 

-0-13 

- o .a8 

8 

-0.01 

+o'o.~ 

-0.01 

-0-ar 

+o'os 

+ 0-01 

0' 00 

-0-01 ' 

+ 0'01 
0.00 

-0.01 . 

0.00 

-0.01 

4'00 

+O.OI . 

4-00 

0.00 

0.00 

-0.01 

-0.01 

+ 0.04 
-0.01 

J 

-0.0~ 

-0.01 

-0.02 

-0.01 

-0'01 

-0-01 

-0.01 

-0-02 

-0'02 

-0.02 

-0.0~ 

-0.02 

-0.01 

-0'01 

-0-01 

-0.01 

-G'OZ 

-O.OI 

-o'oa 

-0'0; 

-0.03 

-0-01 



ARC T E H R A N - B U S H I R E ;  

STATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. 

TEHRAN (E), hi?. 36 42', Long. 6 26': YLND BUSHIRE (W), 

- 
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5 
- 
t -  

8 

N 

8 

8 
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N 

N 

f3 

N 

N 

8 

N 

Y 

N 

W 

N 

N 

N 

S 

8 

N 

Mean 
Epoch 

- T~ 

h m  J 

8 56 .z8 

h t .  260 55', Long. 3h 2P. 

TslE81TE 

? e  
S .O 

. 

p 

w 
W 

W 

W 

W 

W 

R 

E 

If 

E 

E 

E 

E 

E 

W 

W 

W 

W 

W 

N' 

V 

w 

Times by 

Mean of the 
tXO 

Positions 

m a 

- I 32'428 

Difference 

Bizh - - 

( I)  c 

- 1 32'33 

1 32'49 

I 32-40 

I 32.30 

1 32'53 

1 32'43 

- I 32-49 

I 32.40 

1 12.45 

I 32.48 

I 32'47 

1 32'30 

z 32.48 

I 3%-47 

- I 32.62 
I 31-58 

I 32.61 

I 32.71 

I 32-63 

1 32'51 

1 32'62 

I 32-59 

of Correcled 
E and W Clocks 

by 
stars in same 
I~~strur~iental 

- -  

m a 

- 1 32'413 

- I 32'44.3 

- I 32-69 

OB~IEBVED AT 

Observed Time 

h m  a 

8 12 18'93 

83342'26 

8 37 8.1j 

8 38 38.61 

8 4 50'39 

8 4 9 3 9 . 9 9  

85947'18 

9 3 14-96 

9 652-51 

9 8 43.41 

9 13 2'70 

9 14 35-51 

9 25 39'35 

9 27 43'49 

10 lo 41-97 

10 19 f7.41 

so a7 26.40 

10 30 15.64 

10 33 11-96 

10 34 27'97 

lo 37 2-30 

10 40 40.53 

2 

Seconds 
of 

Co;y;;ed 

r 

19.31 

43.08 

8.49 

38.90 

51.17 

40.81 

41-83 

15-31 

53.29 

43'99 

2.99 

36.08 

39'72 

4.10 

42'73 

38-01 

26.99 

16.25 

12-22 

28'41 

3'54 

40.84 

BUSHIRE (W) BY BURRABD wrm T B L P ~ C O P ~  NO. 

Correction for 

Collima- Diurnal Rats of 1 h e '  ( "viation j A b o ~ -  1 clock 

c 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o'w 

0.00 

0.00 

0.00 

0.00 

0.00 

o - w  

0.00 

0.00 

0.00 

0.00 

0'00 

0.00 

0.00 

a 

-0.02 

-0'03 

-0.02 

-o.or 

-osoa 

-0.03 

-0.02 

-0.02 

-0'02 

-0'02 

-0.03 

-0.02 

-0'03 

-0'03 

-0.02 

-0.02 

-0.02 

-0.02 

-0.02 

-0.02 

-0.03 

-0.02 

a 

-0.06 

+o'z~ 

-0.9 

-0.12 

+0'24 

+o.28 

+O.I) 

-0.4 

+om23 

+o.og 

-0'13 

+o.d 

-0'07 

+O'lI 

+on22 

+0'10 

+ o - q  

+O-II 

-0.14 

-0.01 

+oe59 

0 

a 

-0.03 

-0.04 

-0.03 

-0.03 

-0'0) 

-0.04 

+0'03 

+0303 

+om04 

+o'o3 

+0'03 

+o'o3 

+omo3 

+0'03 

-0'04 

-0.03 

-0.03 

-0.03 

-0.03 

-0'03 

-0.oj 

-0'03 

r 

+0'49 

+0.61 

+0.48 

+0.46 

+om60 

+o'61 

+o.~o 

+om42 

+on53 

+0'48 

+o'41 

+0.48 

+0'43 

+D'49 

+om60 

+o-55 

+o.55 

+o.55 

+o-qg 

+0'50 

+0';3 

+0'47 
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PdBLE V. OBSERVATIONS O F  TBANSITS OF THE SAME STARB AT BOTH 

TEHRAN (E), k t .  35' 49, Long. 3' !dP: AND BUSHIBE (W), Lat. a8D 66', Long. 3' W. 
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0 
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h 
a 
n 
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c. 

4 
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45 4 

21 5 

13 40 
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NO. 1. 
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Y 

?L 

P 
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m 

N 

N 

N 

8 

6 

8 
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E 
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E 
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E 
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N 

6 
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N 
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S 

N 

N 
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I 
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1 7  2 

Mean 
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C 
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E 

E 
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E 

E 

E 

E 

E 
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-0.01 

-0'02 
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I 

+ 0.01 

0.00 

+ 0.01 

-0.01 

-0'01 

0.00 

-0.03 

- 0 ' O j  

-0.03 

-0.01 

-0'01 

-0'01 

-0.01 

- 0 ' 0 2  

I I  18 31.86 

11  fl 35'94 
-- - .- 
11 10 2 1  

8 35 14-88 

8 38 40'30 

8 40 10.66 

8 46 23'05 

8 51 12-59 

8 42 20 

-0.03 

+ 0.01 

-0.02 

+ 0.01 

-0.01 

-0.01 

+ 0.01 

+ 0.01 



A R C  T E H R A N - B U S H I R E .  

IITATIONS, AND DEDUCTION OF THE DIFFERENCE 02 COBBEGTED TIMES. 

$ 

TEHRAN (E), Lot. 35" 43', Long. 3' 26-: AND BUSHIBE (W), 

T s u r . 8 1 ~ ~  OsernvarD AT BUSHIRE (W) BY BURRARD wxTn TLLPSCOPB NO. 2. 

Mers 
Epoch 

- 

Crn r 

I 0  50 33 

of 

Coyetf 

8 

31.65 

37-30 

42-41 

27-15 

32.92 

44.62 

3 8 . 6 ~  

Lat. a80 66', h g .  8' 2.P. . 

-- 

Ihfferenoe 

By each 
Star - - 

Ic 8 

- I 32.55 

I 32-jz 

I 31-48 

I 32.49 

1 32-49 

1 32'40 

I 3 2 . ~ 4  

1 32'50 

I 32'5p 

- 1 33.64 

1 33-50 

1 33'54 

1 33'67 

I 3 3 . 6 ~  

Correction for 

hte of Collima- 
tlon W Clock 

of Corrected Times by 
B and W Clooks 

Mean by 
B*rs in 
I"st."mel,~l 

Position 

m 8 

- 1 32.504 

- I 33'616 

-0.02 

- 0 ' 0 2  

-0.03 

-we* 

-0.02 

-0.02 

-0.03 

+oV24 

-0.14, 

+oS37 

-0.11 

-0.16 

+o.31 

+o.36 

N 

6 

N 

8 

8 

N 

N 

Mean of the 

P o s i t i o ~  

m a 

-- ~31 .557  

a 

-0.02 

-0.02 

-0.03 

- W O ~  

-0.02 

- 0 ' 0 2  

-0 .02 

h' 

N 

N 

S 

6 

K 

6 

c 

0.00 

0'00 

0.00 

0.00 

0.00 

0.00 

0.00 

E 

E 

E 

E 

E 

E 

B 

1 

b m  8 I 

+0 ' j3  

+o'4r 

+0.67 

+om52 

+oa50 

+on65 

+os67 

0.00 

0'00 

0.00 

0.00 

o-oo 

0.00 

c o w  

a 

+oV51 

+om50 

ro 53 30.94 

lo 58 36;65 

+ o ' o ~  

+o'o3 

+ o . q  

+oeo3 

+oe03 

+oao4 

+oao4 

1 60.38 
I 

3'34 

41-27 

6-73 

37.12 

49.41 

38.97 

i E 8 1  16 99.59 

a 

+0'18 

+oe14 

+o.oq 

+0.03 

E 

E 

E 

E 

E 

+0.26 

-0'09 

-0.0; 

+oa07 

-0.25 

r r  3 41-60 +om54 

I I  8 26.81 +O'SJ 

1 8  w, 3.06 

8 33 40.22 

8 37 6-31 

8 38 3 6 ' 7 ~  

8 u 48'43 

8 4 9 3 7 ' 9 3  

11 9 32.55 +0'03 1 +o'q3 

11 1 2  4 . 0 7  +0'03 

1 1  ~j 38.47 +0.03 

+0'47 

, + o . 3 ~  



ARC T E H R A N - B U S H I R E ,  

PABLE 7. OBSERVATIONS OF TRANSITS OF THE SAME STABS AT BOTH 

0 
Y 

d 
4 

U 

.g 
n 0 & - 
4 

1896 

March 8 

I 

. TEHBAN 

Name 

B.A.C.3097 

1524 Qr. 80 

1534 ,, 
1539 ,, 
83 Cancri 

40 Lyncie 

1671 Qr. 80 

10Leo.bl111 

AUn. Maj. 

1686Gr. 80 

17% 11 

1709 11 

1714 ,, 
1722 1, 

17-30 ,, 

1761 C)r. 80 

1767 II 

$ Urn. Maj. 

8 Leonis 

1794 Or. 80 

v Un. Maj. 

(E), Ld. 3 3  4!2', Lomg. 3' 26: A N D  BUSHIHE (W), Lot. 2P Oj', Long. 3' P. 

STAB 

Declination 

o I 

38 52 

1 2  28 

43 39 

3 5 4  

1 8 9  

34 50 

23 26 

36 51 

Man 

4s 16 

35 57 

35 31 

36 52 

16 40 

5 7 4 5  

1 9 2 6  

M e w  

59 

3 8 4 6  

45 4 

11 5 

r3  40 

33 3) 

Yarn 

Y 
a 

P 
- r 
d 

N 

S W  

N 

8 

8 

S  

8 W  

N 

. . . . . .  

N 

N 

8 

N 

8 

N 

8 

N 

N 

N 

8 

8 

8 

3.. 
;s = 2 
Z B  
%a - 
W 

W 

w 
W 

W 

W 

E 

E 

E 

E 

E 

E 

E 

. . . . . .  

W 

W 

W 

W 

W 

W 

. . . . . .  

T n ~ a s r ~ a  O ~ e r s v x n  A r  

Qbaerred Time 

h m  r 

9 1 19'96 

9 4 47'40 

9 8 25'43 

9 lo  16-13 

9 14 35-15 

9 16 8-04 

9 27 11.88 

9 a9 16.31 

9 14 0 

ro  12 14-77 

ro 21 40.03 

t o  28 59'03 

10 31 48-41 

8 0  34 44'34 

(0 18 35'53 

10 42 12-68 

to 29 58 

10 65 4'00 

11 o 9.70 

11 5 14.64 

'1 9 59-44 

11 11 5-23 

11 14 16.7: 

11 5 j8 

TEHBAN (E) BY LENOX CONYNQHAM WITH T P L ~ C O P B  NO. 1. 

Seco~~ds of 
Corrected 

Time 

r 

19'85 

47-19 

25'32 

16-01 

35'05 

7'93 

11'77 

16-20 

14'77 

I O ' O Z  

59'01 

48.40 

44-31 

35 '55 

12-86 

3-81 

9'59 

14'5J 

59'37 

5-11 

16-61 

Correction for 
I 

CokLm3on 1 Level 1 Deviation 1 Diurnal 
Abemtion 

r 

-0-01 

- 0.02 

-0'02 

-0.01 

-0'02 

-0 '02 

-0'0s 

-0.01 

-0'01 

-0'01 

-0'01 

-0.02 

-0 '02 

-0.03 

- 0 '02  

- 0 ' 0 2  

.) -0'02 

-0.02 

-0.02 

-0.02 

-0.02 

c 

-0.05 

-0.05 

-0.06 

-0.05 

-0.04 

-0.05 

-0'05 

-0.05 

+oao6 

+ow5 

+0 '0 j  

+ 0.05 

+ 0.04 

+ o . d  

+oao5 

-0.06 

-0.05 

-0.06 

-0.05 

-0.05 

-0.05 

c 

- o"04 

-0.03 

-0.04 

-0.04 

-0.03 

-0.04 

-0.03 

-0.04 

-0.05 

-0.04 

-0.04 

- 0.04 

-0.03 

-0.06 

-0.04 

-0.05 

-0.04 

-0.05 

-0.04 

- 0.04 

-0.04 

c 

0.00 

-0.01 

+ 0.01 

0.00 

-0.01 

0.00 

-0.01 

0.00 

+ow1 

o"00 

0'00 

0.00 

-0.01 

+ 0'03 

-0.01 

0.00 

0.00 

+O-OI 

-0.01 

-0.01 

0.00 



A R C  T E H R A N - B U S H I R E .  

STATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORRECTED TIMES. 

The Bushire clock wae womd between theae groups, and stopped during the winding. 

TEHRAN (E), Lat. 3 3  4r, Long. 3" 26": AND BUBEIBE (W), 

4 

L 
4 

5 
m 

N 

B 

N 

N 

8 

N 

8 

B 

N 

N 

N 

N 

8 

H 

8 

N 

N 

N 

8 

8 

N 

- .  

Mean 

Epoch 

" T L  

h n  J  

8 58 10 

10 47 58 

Lot. 2@ 5b', Lorg. 3". 

'l'IulrBIrs 

3 :  a:s 

3" u 

W 

w 
W 

W 

W 

W 

w 
W 

E 

E 

E 

E 

E 

E 

E 

W 

W 

W 

W 

W 

W 

Times by 

Mean of the 
'"O 

Positions 

1 1 1 .  

- 1 33'656 

- I 43'549 

Difierence 

By each 
Star - - 

(I) C 

- r 33.71 

r 33.i.3 

1 33'78 

r 53-64 

I 33.66 

1 33'53 

r 33'75 

r 33.76 

* 

- 1 45-47 

1 45'41 

1 45-41 

1 45'48 

1 45'48 

1 45'43 

1 45-49 

- I 45.62 
1 45'70 

I 45'66 

1 45'75 

I 45.66 

I 45.48 

of Corrected 
E and W Clocb 

by 
stars in pnme 
It~strtt~~~ental 

- 

(0 J  

- I 33'695 

' 1 45'453 

- I 4j-645 

OB~LBVII) AT 

Okerred Time 

h ( I  J  

8 59 45.32 

9 3 13-14 

6 50'jg 

9 8 41.67 

9 1.3 1.06 

9 14 33.69 

9 25 37'58 

9 27 4 ~ - 6 8  

lo lo 38-33 

10 19 23.87 

to 27 12-89 

to jo 2-16 

30 32 58.53 

103648.52 

lo 40 2 7 - w  

105117'.38 

10 58 23-07 

11 3 27-86 

1 1  8 13'22 

I X  9 19.01 

r l  1 ~ 3 0.45 

BUBHIRE (W) BY BUBEABD WITH TXLBBCOPL N O .  

Comction for 

D1urn.1 of Collima- 1 "'el 1 Deviation 1 *For 1 
C C C C I 

-0.03 +0.68 +oar9 -0.02 o.oob 

-0.03 +oa57 -onlo -0.01 o.oo 

-0.04 +os71 +oa30 -o.or 0.00 

-0.o3 +om65 +O-II -0.01 e-oo 

-0.03 +0'55 -0.17 -0.01 0.00 

-0'03 +oa65 +O.II -0.02 0.00 

-0'03 +oa58 -0.09 -0.01 0'00 

-0.03 +0.66 +0'15 -0.02 o-ao 

+o-04 +o-65 +O'JO -0.01 8.w 

+omo3 +0.60 +0'13 -0.02 . o'oo 

+oSoj 4 0 . ~ ~  +omla -0.02 0.00 

+o-03 +0.60 +o'15 -0.0s 0.00 

+ 0.03 +o.qg -0.19 -0.02 0.00 

+O.O~ +0.80 +o-78 -0.03 o-oo 

+0'03 +O-SI -0.15 -0-01 0.00 

-0.04 +o-69 +oe24 -0.02 o'oo 

-0.03 +oa68 +oS19 -0.02 oVoo 

-0.04 '4'0.73 +oe34 -0'03 0-00 

-0‘03 +oa57 -0.12 -0.02 0.00 

-0.03 +0.58 -0.09 -0.02 0.00 

-0'03 +o-6+ + O * O ~  -0.o~ 0.00 

2. 

Becondo 
of 

Co,rr;;? 

J  

46-14 

13-56 

51'54 

41.38 

1-39 

34-40 

38-01 

42-44 

29.30 

24.61 

13.61 

2.92 

58.84 

50.1a 

27-31 

18.25 

23-89 

28.86 

13.62 

19'45 

31 ''3 



A R C  T E H R A N - B U S H I R E .  

TABLE V. OBSERVATIONS OF TRANSITS OF THE SAME STARS AT BOTH 

0 
+a 

a" 
A 

2 
.! 
51 e 
4 

4 
- 

1896 

Maroh 10 

(E), Lot. 35O 42', Long. 3' 26': AND BUYHIRE (W) ,  Lot. 28' 63 ,  Long. 3' W. TEHRAN 

Name 

1451 Gr. 80 

y Cancri 

8Canori 

B.A.C. 2989 

B.A.C. 3026 

B.A.C.3097 

1524GI.r. 80 

1634 ,, 

1639 ,, 
83 Cuncri 

40 Lpnois 

1671 Qr. 80 

10Leon.Min. 

Aura. Maj. 

1686Gr. 80 

1706 ,, 

1709 ,, 
1714 ,, 
1717 ,, 
1722 ,, 

nso ,, 

Y 

g 
4 

-; 
C 

N 

8  

S  

N 

N 

N 

N 

S 

S 

8  

N W  

. . . . . .  

N 

N 

8 

N 

8 

S 

N 

8 

. . . . . .  

STAB 

Declination 

0 ,  

46 1 2  

21 51 

18 32 

44 7 

46 a 

Mean 

38 5a 

2% 28 

43 39 

35 4 

1 8 9  

34 50 

23 a6 

36 5 1  

Mean 

43 26 

35 57 

35 31 

36 51 

16 40 

a8 4 

57 45 

19 26 

Mean 

- 
4 
z g  
, ". . 

:& - 
E 

E 

E 

E 

E 

. . . . . .  

W 

8 w  

W 

s w  
W 

W 

W 

W 

W 

W 

W 

w 
W 

W 

W 

1. 

Seconds of 
Corrected 

Time 

J 

14-04 

39'43 

9.81 

aaea8 

11-87 

19.01 

46.42 

24-49 

15-18 

34-16 

7'15 

10.89 

'5'27 

14'0t 

9.~8 

58'26 

47'57 

43'49 

59'53 

34 ' 86 

10.08 

TBANEITB OBSKBVBD AT 

Observed Time 

h m  J 

8 35 13-99 

8 38 39.44 

8 40 9'82 

8 46 21.25 

8 5 1  11.82 

8 42 19 

9 I 19-10 

9 4 46.52 

9 8 24'57 

g 10 15'2.1 

9 14 34.26 

9 16 7'24 

9 27 10.98 

9 29 lj..36 

9 13 59 

10 12 14-07 

1 0  9'35 

lo a8 58.33 

lo 31 47'64 

10 34 43'57 

10 35 59-60 

lo 38 34.91 

, ro 42 12-16 

I 0  30 42 

TEHRAN (E) BY LEWOX CONYNQHAM WITH TIL~EOOPB No. 

Correction for 

Col~imation I h v e i  / ~eviat ion  1 
# 

+ 0.06 

+0.04 

+ 0.04 
+ 0.05 
+ 0.06 

-0.05 

-0.04 

-0.05 

-0.05 

-0.04 

-0.05 

-0.04 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0'04 

-0.04 

-0.07 

-0.04 

-- 

J 

+o'oz 

-oeoa 

-omoa 

+ 0.01 

+ 0.02 

0.00 

-0'02 

+O'OI 

0'00 

-0.01 

0.00 

-0.01 

0.00 ' 

+O'OI 

0.00 

0.00 

0.00 

-0.02 

-0.01 

+0.05 , 

-o-oa 

J 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.02 

-0'01 

-0.01 

-0.0~ 

-0'02 

-0'0~ 

-0-cz 

-oaoz 

0'00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Diurnal 
Abermtion 

J 

-0-02 

-0-01 

-0-01 

- 0.01 
-0'01 

-0.01 

-0.01 

-0'0% 

-0.01 

-0.02 

-0'01 

-0.0~ 

-o*oa 

-0.02 

-0.02 

-0.02 

-0-01 

-0.02 

-0.02 

-0.03 

-0.01 



A R C  T E H R A N - B U S H I R E .  

STATIONS, A N D  DEDUCTION OF THE DIFFERENCB OF CORRECTED TIMES. 

Mean 

Epoch 

= 

h m a  

8 58 9 

/ 
TEHRAN (E), Lat. 3 3  42', Long. 3h 26': AND BUSHIBE (W), Lot .  280 55', Lowg. 3h 23'. 

2. 

Seconds 
of 

Corrected 
T i u ~ e  

T E ~ B I T B  OBBPBVED 

4 - 
0 d 

Times by 

Mean of the 

Posit~ons 

AT BUSHIRE (W) BY BURRARD WITH TBLIBCOPI NO. 

Correction for 

Dlurnal Rate Collima- Deviation Aberra- Clock 1 Lvel 1 1 tion 1 

Difference 

B{zh 
= - 

of Corrected 
E and IV Clock8 

by 
stars m same 
Instruo~entnl 

Posltlon 

m J 

- I 48.606 

h m  a 

8 33 24.87 

8 36 50.52 

8 38 ao.94 

8 44 33.03 

8 49 12-48 

8 59 29.69 

9 2 $7'27 

9 635.07 

9 8 25.96 

9 11 45.12 

9 14 18.04 

9 aj 11-80 

9 21 aj'9a 

10 lo 14-6j 

10 19 19-92 

10 27 8.92 

to 29 58-24 

lo 32 54.31 

10 34 10'3a 

103645.17 

lo 40 2r.86 

a 

-0.01 

0.00 

0.00 

-o.o~ 

-0.01 

0.00 

0.00 

+O.OI 

0.00 

0.00 

0.00 

0.00 

0.00 

-0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

-oeor 

0.00 

N 

8 

8 

N 

3 

N 

8 

N 

N 

8 

N 

8 

N 

B 

N 

N 

3 

S 

8 

N '  

8 

m o 

- I 48.556 

- I 48.655 

- I 48'773 

t 

25.53 

50.96 

21.35 

33-67 

13.14 

30.31 

57'74 

35'77 

26.54 

45-55 

18.62 

22'28 

26.52 

25-28 

a0048 

9.48 

' 58.81 

' s4.71 

~0.81 

46.04 

23.28 

E 

E 

E 

E 

E 

W 

W 

W 

W 

W 

W 

W 

W 

E 

h: 

E 

E 

E 

E 

E 

E 

m a 

- r 48-51 

I 48-47 

I 48.46 

I 48.61 

I 48'73 

- I 48-70 
I 48.68 

I 48.;: 

r 48.64 

1 48.61 

1 48.53 

I 48.61 

a 48.75 

- I 48'73 

I 48-80 

I 48.78 

I 48.76 

1 48.77 

I 48-72 

I 48.82 

I 48'80 

t 

+o.61 

+0.48, 

+0446 

+0.60 

+om62 

+om60 

+o.gr 

+0.64 

+0.58 

+oS49 

+0'58 

+0'52 

+o'gg 

+0.60 

+e.55 

+oa55 

+0.56 

+0.46 

+O.SI 

+0'74 

+oa47 

J 

+0.08 

-oSoz 

-0.03 

+o.o7 

+0.08 

+aSo4 

-o:o~ 

+o.o7 

+woa 

-0'04 

+oVoz 

-0'oa 

+w03 

+opt36 

+o.o3 

+o.oj 

+oS03 

-0.04 

0'00 

+oa17 

-0.03 

J 

-0.03 

-0.02 

-0.02 

-0.02 

-0.03 

-0.01 

-o.oa 

-o'oa 

-0.02 

-0'02 

-*or 

-0.02 

-0'02 

-0.02 

-omoa 

-0.01 

-0.02 

-0.02 

-0'02 

-0.03 

-o.oa 

J 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

a.w 

0.00 

0.00 

0.00 

8.00 

0.00 

0.00 ' 

0.00 

0.00 
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TABLE V. OBSERVATIONS OF TRANSIT8 OF THE SAME STARS AT BOTH 



ARC T E H R ' A N - B U S H I R E .  
' STATIONS, AND DEDUCTION OF THE DIFFERENCE OF CORBECTED TIMES. 

Mean 
Epoch 

= TE 

h r r  

ro 50 31 

9 37 l3 

TEHRAN (E), Ld. 36' 4V, Long. 3' 2 6 :  AND BUSHIRE (W), Lat. !28' 55', h a g .  3' 23. 

Dfirence  

Btsr - - 

m I 

- I 48.81 
I 48.71 

r 48.68 

1 48.73 

I 48.66 

I 48.67 

I 48.71 

I 48.71 

I 48.79 

' 2 7'44 

a 7'50. 

a 7.61 

a 7-32 

- a 7-69 

a 7.81 

t 7-70 

a 2 - 8 6  

a I 

O a s ~ ~ v n ,  AT 

Obrened Time 

h m  I 

10 53 13.36 

10 58 19-09 

11 3 24-10 

I r  8 9.01 

11 9 14-87 

11 11 16-37 

I'I 15 20.69 

11 16 42-07 

11 19 45-38 

8 59 4-78 

9 2 31'19 

9 6'10.9 

9 a6 56-85 

9 36 31-12 

9 3 9  6-18 

9 41 3-18 

9 & 11.49 

9 50 28'97 

Y 

% 
P 
3 

N 

N 

N 

8 

I 

N 

8 

N 

8 

N 

8 

N 

S 

\ 

IT 

B 

N 

y 

N 

2. 

Beconds 
of 

Corrected 
"me 

I 

rq.oa 

19-71 

24.80 

9'47 

15.35 

26-94 

21.05 

42.77 

45-81 

5'51 

32'83 

10.86 

57-50 

37-95 

6.88 

3-89 

1g'a7 

29.66 

of Corrected 
E and W Clocks 

Mean by 
stars ip same 
Instrumental 

m  r  

- I 48-710 

- 2 7'470 

- 2 7754 

Txurerrs 

3 ,  e .o  
f f o  

2" u 

W 

W 

W 

W 

W 

W 

w 
W 

W 

E 

E 

1 

E 

W 

W 

W 

W 

W 

1 

BUSHIRE (W) an BURRABD WITH THLPBCOPP NO. 

Correction for 

Collima- Diurnal of 
tion 1 hd I Deviation 1 * E m -  1 clock 

Timer by 
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EXPLANATION OF TABLE PI. 

Deductio~r of Clock Bate Correction. 

From the reaulta contained in Tables 111, IV aud V, the clock rate correction can now be deduced. 

Column 1 contains the name of the arc. 

,, 2 contains the approximate difference of longitude in hours, minutes and decimals of a minute. 

,, 3 contains the date. 

,, 4 contains the observed clock correction as deduced from observationa of clock stars in Table IV. 

,, 5 contains tlre epoch to which the foregoing correction corrasponds, taken also from Table IV. 

,, 6 contains the hourly clock rate as deduced from observation of clock stars. 

,, 7 contains the hourly clock rate as deduced from observationa of longitude stars. The rate 
from night to night is obtained from the observed times of transit of the same atar on two 
consecutive nights, the.difference between the two being divided by !24 hours. The mean of 
the reaults obtained from individual stars is taken as the rate during the !24 hours between 
the two nights, and the mean of the rates during two consecutive periods of 24 hours is 
taken as the rate on the night between them. The observations of March 15th were not 
used as a satisfactory value was obtainable from the clock stars, and the interval of 5 days 
from the last set of longitude star observations was somewhat excessive. 

,, 8 contains a repetition of the quantities in column 6 or 7. 

,, 9, 10, 11, 12 and 13 contaiu similar quantities to those in  column^ 4 5, 6, 7 and 8 but for the 
other station. 

,, 14 contains the relative hourly clock rate during each night deduced from the clock comparisons, the 
value entered is the meau of all :he values appertaining to the night contained in the last 
column of Table 111; except that for the 9th March, when no dock cornpariaon was made, 
the rate used is the mean of those for 8th and 10th. 

We have now the hourly rate of each clock derived from star observationa, and also the relative hourly 
rate of the clocks derived from the clock comparisons. I t  is clear that the last should be equal to the 
algebraic difference a£ the first two, i.e., using the notation given on the Table, we should have 

Hence in forming the final value of the hourly clock rate we take H, = f (h, + h, - R), and the 
resulting value ia entered in column 15. 

Similarly H, = 4 (h, + h, + R), which is given in column 16. 

I n  column 17 is given the change in the error of the Weatern clock during a period equal to the 
difference of longitude. The use of this quantity has already been explained in connection with Table V. 
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TABLE VI. DEDUCTION OF CLOCK RATE CORRECTION, 
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EXPLANATION OF TABLE t?l. 

Betardatwn of t k  Electric Current. 

The retardation of the electric current computed in this Table does not enter intb the difference of 
longitude, but much interest attaches to its value, and clearly any abnormal result would throw doubt upon 
the accuracy of the clock comparison whence i t  was deduced. 

Column 1 contains the name of the are. 

,, 2 contains the date. 

,, 3 contains the time by the East or Tehran clock corresponding to the middle of the period during 
which a comparison was being made at  Tehran, that is, during which Bushire was trans- 
mitting signals to Tehran. 

,, 4 contains the time, still by E. clock, corresponding to the middle of the period during which Tehnn 
was transmitting signals to Bushire. 

,, 5 contain1 the interval between the times given in columna 3 and 4. 

,, 6 and 9 contain the difIereaces between the clocks as observed at Bushire and Tehran respectively. 

The difIerences given in columns 6 and 9 have to be reduced to the same epoch and to  do 
this the difference observed at Bushire receives a correction equal to the relative hourly 
clock rate, taken from the last column of Table 111, multiplied by the interval given in 
column 5 reduced to the decimal of an hour. This correction and the corrected difference 
between the elocka aa observed at Bushire are given in columns 7 and 8. 

, 10 cantains half the Merenee hetween columns 8 and 9. 
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TABLE VII. RETARDATION OF THE ELECTRIC CURRENT. 

0 

? 

Cd : 
!i 
F: 
x 
4 

drtronomical 
Date 

Differe~~ce 
between 

tlle 
Clocks 

as 
Observed 

a t  
Bulllire 

I 

Correction 
for 

BelsLire Clock 
Rate 

during the 
Interval 

I 

ri 
3 

i n  r 

0 3 51'450 

5 1.430 

51'400 

o 3 5 l m r r o  

51-264 

51.296 

o 3 51-0x1 

52.110 

52'208 

0 3 53'487 

53.530 

53.687 

0 3 54'513 

54'785 

0 4 6'535 

6-61 I 

0 4 9'60.3 

9'691 

9'813 

0 4 28.594 

t8.788 

28.587 

o 4 29.156 

29' 190 

ag.300 

Ratanlation 
of the 

Current 

between 

as Obaorved 
,,t ~ ~ ~ ~ l ~ i ~ ~  

corrrctod for 
Clock h t e  

9 

Interval of 
T I I I I ~  

between 
Lile 

Comp~~rison 
nt. 'I'rI~run 

nnd B~ l sh~re  
= I 

Time of 
Comparison by E Clock 

Di5erence 
~ l l e  Clocks 

as 
Obaerred 

a t  
Tehran 

m  r 

+ 4 22 

+ 3  29 

+ 2 50 

+ 3 19 

+ 3  6 

+ 2 48 

+ 2 28 

+ 3  2 

+ r 31 

+ 3 27 

+ 4  9 

+ a 29 

+ ': 35 

+ 4  4 

- 4  1 

+ a 38 

+ 7  3 

+ 3  29 

+ a r j  

+ 4 55 

+ 1 18 

+ 3  3 

+ 3 10 

+ 2 17 

+ 2 43 

a t  
Tehran 

1896 1 i m  * I  . m a  

at  
Bushire 

March 4 

,I 6 

II 6 

91 7 

n 8 

*I 10 

n l 6  

I, 16 

r I h m 8  
- 0.001 

'WI 

'001 

- 0'001 

+ '001 

-001 

+ 0'001 

'003 

- 0 0 2  

, + 0.004 

-003 

'003 

+ 0'001 

+ .004 

- '003 

+ '002 

+ 0'008 

003 

-ooa 

O'WO 

'000 

'000 

+ 0.001 

-001 

'001 

/ m a  1 8 

8 14 23 

9 53 30 

11 57 51 

8 16 30 

9 1 8  7 

# I  20 49 

8 7 3 0  

9 4 9  3 

r r  46 32 

8 19 28 

9 51 1 1  

47 31 

8 19 37 

9 5 1  6 

9 5 6 6  

11 43 46 

8 2 0 1 4  

9 4 7 4 0  

X I  47 26 

8 41 57 

l o  17 t o  

1 2  16 34 

8 48 10 

t o  5 48 

18 54 15 

0 3 5 1 - 4 9  

51'429 

51'399 

o 3 51'209 

51'265 

51'197 

o 3 52'012 

52.113 

5z.rlo 

0 3 53'491 

53'5.33 

53.690 

0 3 54'714 

54' 789 

o 4 6-532 

6.613 

o 4 9.611 

9'694 

9'81 j 

o 4 28.594 

z8.;88 

28.787 

o 4 29'1j7 

29.191 

2.9-301 

0 3 51.565 

51'515 

51.506 

o 3 51.329 

51'357 

51 '387 

o 3 52'114 

sz.21 I 

52'330 

0 3 53'589 

5.3'687 

53.791 

0 3 54'813 

54'902 

o 4 6.692 

6'772 

o 4 9.709 

9'797 

9'915 

o 4 28.891 

~ 8 . 8 9 5  

28-896 

0 4 29.273 

29-31 1 

29'400 

Mean ... 

8 l o  1 

9 50 1 

11 55 1 

8 13 I 

9 4 5  I 

rr 18 I 

8 5 t 

9 4 6  1 

I I  4 I 

8 16 I 

9 47 a 

I (  45 2 

8 18 t 

9 5 0  2 

r o o 8  

11 41 8 

8 1 3 1 1  

9 4 4 1 1  

L I  45 11 

8 37 2 

lo  15 2 

l a  13 31 

8 45 o 

10 3 31 

11 51 32 

o.oj8 

'058 

'054 

0.060 

046 

'045 

0.051 

' 049 

-060 

0'049 

'077 

-05 I 

0-050 

'057 

- 080 

-080 

0.049 

-052 

.ojo 

0.049 

'054 

'055 

0.058 

.060 

.049 

0-oj58 



A R C  T E H R A N - B U S H I R E .  

EXPLANATION OF TdBLE VIII. 

Reduction of Clock Corrections and Clock Comparisons to the eame Epoch. 

Having now obtained the clook corrections at different epochs on each night, and also the differences 
between the clocka at other epochs, it remains to reduce them both to the same epochs. 

This table deals only with observations of clock stars and the attendant comparisons. 

Column 1 contains the date. 

,, 2 and 3 contain the times in terms of the Tehran clock at which the oloek comparisons were made 
(taken from Table 111) and their mean. 

,, 4 and 5 contain the times in terms of the Busliire clack at which the clack comparisons were made 
(from Table 111) and their meas. 

,, 6 and 7 contain the observed differenoes between the clocks (from Table 111) aud their mean. 

8 and 9 coataiq the mean epachs of the clack corrections at the two stations (from Table IV). 

,, 10 contains the difference betsee4 columns 3 and 8. 

,, 11 coutaius the ditTerence between columns 5 and 9. 

,, 12 and 13 contain the clock oorrections at the epochs given in columns 8 and 9 (from Table IV). 

,, 14 and 15 contain the hourly clock rates (Born Table VI). 

,, 16 and 17 contain the corrections for rate for the periods entered in columns 10 and 1 2  respectively, 
that is, the product af columns 10 and 14, and of columns 11 and 15. 

,, 18 and 19 contain the sums of columns 12 and 16 and of columns 13 and 17. The quantities 
obtained being the clock corrections at the epocba of the compa~isons, that is, at the - 
epochs contained in columns 3 and 5. 
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TABLE PI31 BEDUCTION OF CLOCK CORBECTIONS AND CLOCK COMPARISONS TO TEE SAME EPOCHS. 
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EXPLANATION OF TABLB ZX. 

Reduction ef CEock Comparieons and the Dzrerences between the Clock Corrections 

to the same Bpocks &by Iszterpdatiiw. 

This table deals with the observations of longitude stars a d  the canpsrisons which are connected 
therewith. 

Column i oontains the date. 

2 contains the epochs whether of dock comparisons, from Table 111, or of tlie differences of 
corrected times, kopp Table V, arranged in order of sequenoe, and all in terms of the 
East clock. 

,, 3 coatains the difference of tbe corrected times, from Table V ,  entered in line with its epoch. 

., 9 4 contains the difference between the two clocks by direct comparison, from Table 111, entered in 
line with its epoch. 

,, 5 is obtained by interpolation from cohmn 3 and is the corrected difference between the observed 

times at  the epoch of the middle comparison, in line with which it is entered. 

. dcontains the diffeerence between the clocks brought up by interpolation from column 4, to the 

.epochs of the quantities in column 8. 



A R C  T E H R A N - B U S H I R E .  3'7 

TABLE IX. REDUCTION OF CLOCK COMPARISONS AND THE DIFFERENCES BETWEEN THE 
CLOCK COXRECTIONS TO THE SAME EPOCHS BY INTERPOLATION. 
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C T D L E  IX. REDUCTION OF CLOCK COMPARISONS AND THE DIFFERENCES BETWEEN THE 

CLOCK CORRECTIONS TO THE SAME EPOCHS BY INTERPOLATION. 
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EXPLANATlON OF TABLE X .  

Deduction of the Diference of Longitude. 

Tables VII I  and IX contain all the data for computing the daerence of longitude. 

Column 1 contains the name of the arc. 

,, 2 contains the date. 

,, 3 and 4 corltain the epochs for which data are available. Those appertaining to dates from 4th to 
10th March and 1st line of 15th belong to longitude stars only and are taken from Table 
IX, column 2. The others belong to clock star observations only and are taken from Table. 
VIII, columns 3 and 5. 

,, 5 and 7 refer only to clock star observations, and contain the deduced clock corrections correspond- 
ing to the epochs in columns 3 and 4. The entries are taken from Table VIII, columns 
18 and 19. 

,, 6 and 8 contain the numbers of clock or longitude stars observed at each station on each night. 

,, 9 contains the difference between the corrections of the clocks. I n  the case of longitude stars this 
is taken from Table IX, columns 3 and 5 and in the case of clock stars is equal to the 
difference between the quantities in columns 5 and 7 of the present table. I t  will be noticed 

however that each of the entries in column 9, which belong to longitude stars differs by 
+ o'.oo3 from that in Table IX, columns 3 and 5. The reason of this is that in Table V the 
entry in the column for the correction for rate of W clock is throughout o'.oo, but a reference 
to the last column of Table V I  will show that it should in every case be + 01.003, thus by 
keeping only two places of decimals in Table V a constant error of 0 ~ 0 0 3  is caused. This 
might have been corrected in the column for the mean difference of the corrected times, but 
it has been thought preferable to defer doing so till now. The last three entries having 
reference to clock stars are not affected by this error and are therefore formed in the usual 
way. 

,, 10 contains the difference between the clocks by direct comparison at the epoch given is column 3 ; 
this quantity is to be found- either in column 7 of Table VI I I  or in column 4 or 6 of Table 
IX. 

,, 11 contains the observed difference of longitude, which is equal to the sum of the quantities in the 
two preceding columns. The mean and its probable error are entered at the bottom of 
the column. 

,, 12 contains the value of the personal equation, and its probable error. 

,, 13 contains the Final Daerence of Longitude, and its probable error. 
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TABLE X. DEDUCTION OF THE DIFFERENCE OF LONGITUDE. 

- 

* For fixplanation of tLs dilcrrtpnacy betwean the entrier in thin column and &he q d t i e r  in Table IX vide explanation of thia table. 
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1 31'059 

I 31.1~6 

-1 3 r . 4 ~ 5  

1 32'484 

I 31'554 

- I  33.653 

1 4 5 - 5 4  

-1 48.603 

a 48.663 

1 4 ' 7 4 4  

-S 7'609 

2 7'611 

-S 8.036 

a 8.188 

(I) 8 

+ O  $2'594 

+ o  54.279 

54'492 

80 

20 

93 

81 

26 

80 

9 

16 

28 
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DESCRIPTIONS OF POINTS, USED FOR LONGITUDE STATIONS. 

KARACHI. The longitude station is situated i n  the encIosnre of the Telegraph Office, 61 feet north and 152 feet 
west from the Telegraph Office Station. I t  is 34 feet 6 inches S.E. from tlie centre of the doorway of the store-room, 
and 73 feet N.N.W. from the N.W. corller of the block of dwellixig quarters standiug in the angle between Marleod 
soad  and Telegraph Road: the longitude station at Karachi is the same as. that used for the Indlal~ Electro-Tele- 
graphic Longitude Operations, and its geodetic elements by the Great Trigonometrical Survey ef India are given on page 
259 of Volume I X  of the Account of the Operations of t k  Great Trigonometrical Survey of India. 

The Telegraph OfEce Station is a point on. t t ~ e  eastern. terrace of tlie upper story of the block of dwelling 
quarters referred to above and. was fixed by o m  triangle in connection with the neighbouring hill stations, A and AIutrBni, 
of the Great Trigonometrical Survey of India (r ide Tables A, B,  C, p a g e s 2 5 6 2 5 9  of Volume I X  of the Account o f  the 
Operatiotrs o f  the Great Ttigonometricul Surrey of India). The station is marked by a circle and dot engfaved on the 
floor of tlie terrace at distances of 5 feet 8 inches, 14 feet 2 inches, 28 feet 9 inches a d  34 feet 4 inches from ahe N.E.,. 
N.W., S.lV., and S.E. angles of the t e r r ae  respectivery, 

JASK. A base-Iine for triangulatiox was meastired ixt 1894 by Swb-Assistant Superintendent Yuwf Sharif along 
the s e ~ s h o r e  at Jmk, aud its two terminals carefully marked. The longitude station st Jask is 924 feet horn the west 
end of the  base- Tbe azimuth a£ the longitude station at  the west e l~d  station of the base-line is 228' 47' 57": 

The west end station of Yusuf Sharif's base-line at Jask is situated near the extreme point of Chpe Jssk, and is 
marked with a cairn of stones 6 feet high. A circuhirmasonry pillar with circle and dot marks the position of the station: 
uuder the cairn. 

The longitude station is 42 feet from the S.E. edge of the door of  the Telegrapfi Office, measured perpendicularly 
to the front wall of the b~rilding. 
r 'I'he latitude of the Jask Longi t~~de  Station was observed atid found to be 25438' 11-51 + OY.08. The azirildb 
of the east end of the base-line at the west end is. 246' 9' 53'T. 

One of t l ~  stations of Yusuf ShariE's triangulation, situated in the hills, is very conspicuous from Jask: the 
azimutl~ of this hill station at the west end of the base is 334,' 15' 21". 

There is no visible,cme of local athction.in the vicinity ot Jaak:. the atationin Bitnated ona fiat plain of ahingle and sand: hills are visible 
to the north-east but distant. 6. G. B. 

BUSHIRE. The longitude station is. situateaat Reshire about 6 milessouth of Bushire, about Za feet east sf the 
Reshire Telegxaph Office. 

A tile bearing a circle and dot was placed st s depth of 24 feet from tIie surfme of the p u n S  : over i t  a solid 
pillar was built 24 feet high : at the top of this pillar and flush with the ground a mark-stone beasing a circle and dot was 
embedded in mortar. The mark-stone is 101 feet 7 inches from the S.B. corner of the bu i ld i~~g  in which the Telegraph 
Ofice is located, a d  7 0  feet 114 inches from the N.E. corner ot the same building, TLe bugitude station ,is a pillar 
erected 11 feet 7l inches due south af the mark-stue. 



The latitnde of Reshire was observed.and found t0.be.28~:5d'.35".67 : the latitude station is a pillar erected 23 feet 
51 inchesLduea,east of ttlle~mark-stone. 

The following azimuths .were observed Zrcun*tbe mru'kastone :- 

.South-East .cormr.of Telegraph Office ... ... .. . %4' '68' 

Worth-Easbaornerlof Telegraph Ofiee ... . . . . :110° .lY 

South-East ~ o r n e r ~ o f  North 13logk.of Quarters ... . 374" 43' 

South-West corner of Family Quarters ... ... .... 316' .5' 

There is .no %iiaibk canfie of lorn.! nttraction in the imrnrdiate vioinityof Reihire: the station is situated on a flat s m d g ~ l a i n :  rock is met 
with a t  a slight depth below t h c m r f x e :  distant.hills.marking the boundary of the S h i m  plateau are  visible along the eastern horizon. 6. G .  B. 

Tidal ohservationa were taken on t11e.ooastat Resllire, near B~~shire,  from 1892 to 1900. The Telegraph Office art 
Seshire wus.connected ni th the tidal observatory by levelling, axd bench-marks wore cut on the steps both of the main 
office and of the Superintendent's house. The upper surfaoe of the stolle cap of the lollgitude pillar was found to be W 
)feet above mean sea-level. Owinglto a popular belief that the astl.anornica1 survey marks at Reshire had someinfluence 
in stopping the rain which was badly wal~ted, a strong demonstration was made on January 6th, 1897, by a mob, whe 
*destroyed the .longitude and tlatibude pillars and the !bench-marks. On t l e  21st Apcil 1897 the pillars and benah-marka 
were replaced by the Persian Government iu the prescnoe of the Governor of Bushire. 

TEHRRN. The ilongituae pillar was built in the open epoce used for exorcising horses i n % h  N.W. corner of the 
grounds of the British Lrgation. 

I t  is situated 50.8 feet from the w e s h n  boundary wall, 63.5 feet from the wallsf &e shed k the north and 
119.5 feet .from the wall of the  stables to the south. 

A permanent ~mark~ef  tihie .description L.8. was erected over the gate leading iltto the p b f i c  road whioh 
G.T.S. 

of 214'. 

W 
runs along-the serth-ciidctof tfhe Legation-grouuds. Prom the longitude pillar this mark is 86.5 k t d i s t a n t  on an azimuth 

The position of €he Pillar v i fh  refermoe .bo ,certain conspicume points was determined 'by tniangulation; the 
zesults are shawu i n  the following table :- 

T h e  fallowing is extracted from Captain Brrrrard's r e m  dated 1897:- 

Q)escription , 

Point of Clock Tower of Britibh Legation ... 
- .- -- 

Centre of Yusufabnd Gate i n  Northern Ramparrt ... 

Northern Tower o£ Shah's Palace ... ... 

Th?lst I w a ~  m d n g  fmm Germmy t o  tke Ferninn Cmlf, Cnptnm Lenm Oanpghm bad to  stand i m t  nt T e h m ;  &ring theee Weeks hB 
dmmpied hinl~elf in connectilig his longitude gtntion with that of General Stebnitzlri's, and in fixing the position of his observatory with reference 
conspicuous points. Dr. Anwers in Berlin gave Onptnin Lenox ConpgIrnm many puticulars about Stebnitxki's operations, which had been executed 
in  1871 i n  connection with the Trnnsit of Venns, but the nctnal identification of the places would have been very difflcnlt, had i t  not been for t he  
friendly oo-operation of Geneml Schindler nt Tehran. This ofticer was well acqnninted with 8tebnitzki's work and WIM nble to point out the place 
from which he hnd observed. Unfortunntelg in the Inst twenty prim the  town hod changed nlnch: howlies had been dexuolbhed, o t , b  hilt,& n e k  
i tnxs had grown, m h t  pints xhich s e r e  oonspiouons enough in 1874 were now no longer visible. 

Distance from Longitude Pillar 

I n  Lntitude 

4?16 S. 

11.46 N. 

64.24s. 

S.E. Csrnertof Boof of Fxnch Legation ... 1 3-41 S. 

In Longitude 

8 

0.360 E. 

1.052 W. 

1.147 E. 

1.667 W. 
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The points given by General Stebnitzki are:- 

( 1 ) The Kiosk near the honse of the Sipah Salsr Xuhammnd K h h .  
( 2 ) The centre of the instrnment mom of the Telegraph Office. 
( 3 ) The western tower of the Darwazeh Nsssrieh. 
( 4 ) The central stsircase of the Rnssian Legation; 

Of these No. (2) now forms the women's quartera in the h o w  of a Persian nobleman and was thm unapproachable even in the interests of 
science. The description of No. (3) was wanting in exactitude, src there were several small minareta on this gate, and i t  was uncertain which wan 
referred to. No. (4) was situated in the heart of the town a t  a long distance from Captain Lenox Conyngham's longitude station, and owing to the 
absence of suitable conspicnons points their connection by triangulation was impracticable. Fortnnately, with the kind sasistance of General Schindler, 
Captain Lenox Conyngham was able to identlfy No. (1) and the position of Stebnitzki's observatory. 

The high w& surrounding the homes in Tehran rendered triangulation diflknlt, bnt Captain Lenox Conyngham found four accessible points, 
which were visible from both his station and Stebnitzki's, and he was thns able to make a satisfactory connection. With the object of fixing the 
pnaition of his observatory with reference to su oanding points and thus facilitating its identification in the future, Captain Lenox Conyngham 
measured a base along the ramparts on the north 13% of the town, and a t  each end of i t  measured the angles between his longitude station and several 
conspicuons objects. He then observed the azimuth of his base, and thus possessed sn5cient data to enable him to calcdate the distances from his 
atation, in both latitude and longitude, of all the pointa that he had fixed. 

I n  the report by Major-General Stebnitzki on "The geographical position of the city of Tehran ", which was published in the 36th volume c ~ f  
the Records of the Topographical Department of the Russian General StafT, the actual point in T e h m  finally fixed is not the Q e n e d a  ob~ervina 
station, which WBB identified by Captain Lenox Conynghm near the honse of the Sipah Salar Muhammad KUn,  but the central point of t h e  
instrument room of the former office of the Indo-European Telegraph Company. The latter point was probably selected in preference to the former 
af~ being the more durable. 

The centre of this office is stated by Ckneral Stebniteki to be 0 ~ ~ 9 4 2  west of his observing atation a t  the Sip* Salsr's home. 
From the triangulation executed by Captain Lenox Couyngham, i t  has been calculated that our new lonmtnde stahon a t  Tehran is z8.00g 

west of the observing station a t  &he Sipah Salar's honse. 

LENOX CONYNQHAWS STATION IS THEREFORE 1a.063 WEST OF STEBNITZKI'S. 

POTSDAM. The transit .instniment was erected on the southern pillar of the Eastern Meridian House of the 
Konigliche Geodatische Institut, at Potsdam. 

GREENWICH. The transit instrument was erected on a pillar, situated on the prime meridian, in the Meridian 
House which stands to the north of the large Transit Room. . 





No. 2. 

THE LONGITUDE OF MADRAS. 

The Iongitude of Madras has now been telegraphically determined by five independent series of observations: the 
following table and Plate VI I I  show the eeverd lines of operation - 

The Clo~ing Error at Pofsdanr. 

' 

Serim A ... 

Berim B ... 

Berim 0 ... 

h i e s  D ... 

Seriw 1 ... 

The direct measurement of Potsdam-Greenwich, given in thb volume, is ob ,szm 15*.953~ or os* 23.6 less than the 
value derived above. 

Route ' 

Greenwich, Moacow, Vladirortok, Hong- 
Long, Singapore, Madras. 

areenrich, Berlin, Tehran, Kamchi, 
, Madras. 

Qreenwich, Potsdam, Tehran, Bushiro, 
Karachi, Madras. 

Qresnwicb, Barlin, Maltq Buez, Aden, 
M a d n u  

' Greenwich, MokaLtam, Suez, Aden, 
Madras. 

Colored 
in 

P h t e V I I I  

Yellow & brown 

Blue ... 

Bed ... 

Blueand rkl ,. 

Green and red... 

Am 

Berlin-Qreenwioh ., ... ... 
Berlin-Potsdam ... .- ... 

Difference ... 

Data 

187476 

0 

1874 

1894-96 

1834-77 

187477 

ProbAle 
Error 

& 0-010 

& 0°'w5 

& 0.011 

Differenoe of 
Longitude 

A m  * 
o 53 34.910. 

o I 18.711 

o 52 16.189 

Cherven  

Generals Bcharnhomt and Kuhlberg from Moecow to 
Vladiroatok. 

Commsnders Green, Davis and Norria of the U. 0. Nary 
from Vladivo8tok to Madm8. 

Dr. K n o m  a t  Berlin. 
Colonel Stebnitzki a t  Tehran. 
Dr. Becker at  Isfahan. 
Goneral Addison s t  Karachi. 

' Mr. Pogson a t  Madma. 

. Captains Burmrd and Lenox Conyngham. 

Dra. Auwem, Knorm, LOW and Mr. Gill from BerLin 
to Aden. 

Colonels CampbelE and Heariside from Aden 60 
Madm.  

Mr. Criswick a t  Greenwich 
Captain Ord Browne at Mokattam; 
Mr. Hunter at  Suez. 
Colonels Campbell and Heariside from Bues to Madma. 

Authomity 
, 

Page 219, Verhandlnogn dar Internation. 
Erdmes~ung, 1893. 

Aatronomi~ch-OQodUkche Axbeiten. Berlin, 
1895. 

& 

I 



APPEKDIX. 

The Closing Error at Tehran. 

from 
The direct measurement of Tehran-Potsdam, given in thie volume, is 2 h  33" 24" 228, and thus differs by d.040 

the value derived above. 

The following table contains the values of the arcs of longitude measured across Siberia and down the Chinese 
coaet :- 

Authority 

Die Venus-Durchglinge 1874 and 1883 by 
Dr. Auwers, 1896. 

Aslronomi~ch-GeOdijtiache drbeitan. Berlin, 
1895. 

See Appendix I, page (5) 

Arc 

... Tehran-Berlin ... ... 
Berlin-f cdsdam ... ... ... 

I 

Deduct distance between 8tebnitzki's and 
Lenox Conyngham's stations a t  Tehran 

Tehran-Potsdam ... 

Difference of 
Longitude 

h n ,  a 
2 32 6.610 

o I 18' 721 

o o I .o63 

2 33 24'268 

Probable 
Error 

a 
AZ 0.11 

f 0.005 

... 

I0 0 . 1  

Arc 

Pulkowa-Greenwich ... ... 
... ... Moscow-Pulkowe .., 
... Kazan-Moscow ... ... 

Ekaterinburg-Kazan ... - . a  

... Omsk-Ekaterinburg ... 

... Tomsk-Omsk ... ... 
... ... Kansk-Tomak ... 
... ... Irkutsk-Knnsk ... 

... Cllita-Irkutek ... ... 
... ... stritensk-chits ... 
... ... Albnzin-Gtritensk .., 

... Blagovyeshchenak-Albazin ... 
Kl~abarovka-Blagovyeshchensk ... 

Sum ... 

... Kl~aberovkn-Wadivostok ... 
Vladivostok-Shanghai a,. ... 
Bhanghai-Hongkong *.a ... 

... Hongkong-Cape St. Jamer ... 

Authority 

Astronomiche h'achrichtsn no. 8203, 
Vol. 134 

i 

I Becordr of the B u s h  General Btsff. 
General Scharnhont's Beport, Vol. 37. 

j 
I 
I 
J 
1 Detsrminationm of longitude, %at Indies, 

Chins, J a w .  By olcem of the U. 8. 

w 

... Cape St. James-Bingapore ... 
8ingapore-Madras ... ... 

S~~ ... 
Longitude of Madrar - Difference of Suma 

Difference of 
Longitude 

h r n  8 
a I 18.63 

o a8 58.45 

o 46 11'97 

0 45 59'64 

o 51 1.51 

o 46 18.61 

o 43 1.19 

o 34 18.09 

o 36 52-01 

o 16 45-54 

o 25 31-67 

0 13 45'99 

o 30 10.96 

9 o 14.32 

o 1 2  43-04 

o 41 34'81 

o 29 17-28 

o 28 21-43 

Probable 
Error 

& 0.008 

0'010 

0.030 

0.043 

0'043 

0.043 

0'043 

0'043 

0.043 

0'043 

0.043 

0'043 

0'043 

0.023 

o'otg 

0'021 

o xr 52-42 

I 34 25'58 

3 39 14'57 

5 ao 59.75 

0 '021 

o'org 

... 

& 0.155 
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The difference of longitude between Singapore and Madras was also measured by Dr. Oudemans and Mr. Pogson, 
but without any determination of personal equation. An account is given in " Telegraphic Determinations of Longitude," 
by Norman Pogson, and in the Astronom. Nachrichten, No. 2486 of I 883. In  the " Triangulation Von Java" Dr. 
Oudemans himself, in discussing the longitude of Batavia, accepts the American value without modification. 

Series B. 

An account, written by General Addison, of Series B is to be found in Vol. XXXVIII of the Monthly Notices 
of the Royal Astronomical Society, and the resulting longitude of Madras is there giver] as 5h zom 59'-65. But in "Die 
Venus-Durchgiinge 1874 and 1882," published at Berlin in 1896, Dr. Auwers discusses this series of longitudes, and 
considerably modifiee General Addison's results, decreasing the value of every arc. The following table shows Dr. 
Auwers' values :- 

A constant error of about 10 seconds of time rnns throughout the observations at Karachi. Mr. Pogson writes 
"an error of exactly ten seconds in General Addison's time determination is the only possible explanation," but Dr. 
Auwers states the error to be "nearly eleven seconds." General Addison, the observer, attributes it to llis neglect to 
obtain the pivot error of his transit instrument, and is of opinion, though the resulting longitude of Karachi may be 
wrong, that "the difference between Isfahan and Madras remains unaffected, the errors on the east and west sides of 
" Karachi correcting each other." Mr. Pogson considers that "no conceivable pivot correction nor any other instru- 
"mental error could account for so large a difference," but on the supposition that the observer. mistook the time by 
exactly ten seconds, he agrees with General Addison that the effect would be reversed east and west of Karachi and 
"would therefore be eliminated in the final differeilce between Greenwich and Madras." 

Am 

Berlin-Greenwich ... ... ... ... Trhran.Berlin ... ... 
Isfallan-Tehran ... ... . 
Karachi-Esfnhan ... ... ... 
M~~dras-Karachi ... ... ... 
Sum - Longitude of Madm ... ... 

No determination was made of personal equation between the Madras and Isfahan observers. 

The results of this seriee are given in this Volume. The value obtained for the longitude of Madras is- 

gh 2om 59" 137 with a probable error of + o1.0219. 

Authority 

Die Vbnus-Durchgiinge 1814 and 1881. Berlin, 1896 I 
Pogson's "Telegraphic Longitudes". 

DiEd: 
h r n  r 
0 53 34'91 
2 gz 6-61 
o o 58.70 
I I 12.94 
0 53 5-85 

5 zo 59-01 

Series D. 

Probable Error 

8 

f ornolo 

+o.o48 

f0.11 
Eto.1 r 

ko.163 

m i s  series is discussed by Dr. Copeland in  Vol. 111, Clinpter XXIII,  of the D ~ ~ n e c h t  Observatory Publications, 
by Dr. Auwers in a paper on "Ths Lo~~gi tude  of Aden," published in the Astronom. Nachricllten, NO. 3180, 

doted August 15th, 1893. Dr. Auwers' discuesion is reprinted in " Die Venus-Durchgiit~ge I 874 and 1882." 

. 

Am 

Berlin-Greenwich ... ... ... 
Alexandria.Malta-Berlin ... ... ... 
Suez-Alemndria ... ... ... 
Aden (Gill's station)-Snex ... -- 
Longitude of Gill's station at Aden ... ... 

t 

DIFFEBENCR 01 I,ORQITUDB 

By Dr. Copeland 

h m  s 
0 53 34.865 
1 5 58.942 
o 10 38.923 
0 49 43'750 

2 59 56.480 

By Dr. Auwen 

h r n  r 
0 53 34.910 
I 5 58.866 
o lo 39'266 
0 49 43'6.30 

3 59 56.672 



(IO) APPENDIX. 

The difference of longitude between Gill's station at Aden and the Madras Observatory can be found as follows:- 

Gill's poirit a t  Aderi is 01*877 east of Campbell's. Then from pages qro and 441 of Vol. XV of the Account of 
the  OperaCiona of the Great Trigonometrical Survey of India, 

h a o  
' Madras-Bellary ... ... ... ... o 13 16.545 

Bombay-Aden (Campbell's station) ..I ... ... I 51 20-022 

Sum ... ... ... ... ... 2 21 3,438 

Doduct difference between Campbell's and Gill's stations 0.877 

... Madras is east of Aden (Gill's station) by ... z 21 2.561 - 
The resulting longitude of Madras by Series D thus hecomes :- 

h m  s 
Copeland's reduction ... ... ... ... 5 20 59'041 

8 

Auwers' reduction ... ... ... ... 5 20 59'233 + 0.127 
I n  Volume I of the Annals of the Cape Obseryatory, Mr. David Gill, who was one of the observers on this 

aeries, writes:-" 14 the case of Lord Lindsay's Expedition (i.e. of Series D)  the observations lap no claim to high 
"refinement. They were made throughout in the open air, with small portable instruments, which in tbe case of 
'<Alexaudria were pJ,aced 04 the roof of a hotel, where the ohserver had to abstain from movement during each complete 
'cobservetion, otller\~ise the level was disturbed by the cbaage of his position. At Aden and Alexandria the chrono,. 
"meters had to be carried a long distance between the observing station and the telegraph office. The observers were 
"witbout personal assistance and the crucial observatipris for time had often to  be made ttpder conditions of extreme 
"fatigue, &rlouuting on one or two occasions nearly to exhaustion on the part of tbe observers engaged. 

"In fact the character of the work was only such as i t  was possible to organise and execute en route, and the 
"results fully redised the accuracy expected from them." 

elfire following table gives the results of Series E :- 

I n  the Annals of the Cape Observatory Mr. Gill points out, that this Series E was not executed with such refine- 
ments or lrecautians as are necessary for the determination 04 fundamental longitudes, and MR. Huuter, the Suez observer, 

Authority 

Airy'cl Trsnait of Venucl, 1874 

Ditto ditto 

VoL XV, Cf. T. Bumey of In& 

Ditto ditto 

Ditto dlbto 

Ditto ditto 

Am 

Aloknttsrn-Qreenrioh ." ... 
Suez-!dokatt.m ... ... 
Aden-Suez w ... 
Uon~bay-Adem - ... 
[%ella ry-Bomba~ .,. ... 
Madram-Bellpry ... ...I 

Longitude of Madrsr ... ... 

Difference of 
Longitude 

. h U b  J 

a s 6\24 

o 6.93 

o 49 4%-813 

x 5, ao'oaa 

o 16 a6.871 

o 13 16.545 

S 20 59'42, 

Probablo 
Error 

o - d 7  

f 0'089 

f 0 . 0 4 ~  

o - e s j  

* o-ora 

& 0.007 

f 0'113 



APPENDIX. 
(1 1) 

in  his report to Sir George Airy states, that the micrometer screw of his transit instrument was "decidedly drunken ", 
and that he had to abandon its use, and "to trust to observing the pole-star in  both positions of the instrument over the 
" fired wire; for collimation" (page 322 of the Account of Observatiotis of the Transit of Venus, 1874, by Sir George 
Airy). The personal equation of the Greenwich and Mokattam observers aaried from o?.ozg to 08-655 (page 288, Transit 
of Venus, 1874). 

The results of the five aeries of aperations m y  thus be tabulated a s  follbws:- 

Beria A ... ..I 
,, B ... .., , 

,, Q ... - a #  

" D .., ... ... 
11 E ... a.0 ... 

m 

, Longitude of Madrae 

A m  # 

5 10 59'750 

5 ao s ' o r o  

5 20 59.137 

5 10 59.233 

5 2 0  59.421 
. . . . . . . . . . . 

Probable Error 

a 
&O'I j5 

&0'163 

f o-oir  

Ao.ra7 

*O. 113 
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PLATE VI. - - - 

Suwy of l n l a  Oblces.Caleufla.A.u@st 1899 









PLATE VIII. 











ZMt of PrincipaZ T o r k s  published by the Great Trigonometricat Survey of India. 

.An Account of the Measuremerit of an Arc of the meridian between the parallels of 18' 3' 
and 24" 'i', being a continuation -of the Grand Meridional Arc of India, as 
detailed by the late Lieutenant-Colonel Lambton i n  the Volumes of the 
Asiatic Society of Calcutta. By Captain George Everest, of the Bengal Artillery, 
9.R.S., kc. London, 1830. (Oat  of prird). 

An Account of the Measurement of two Sections of the Meridional Arc of India, bounded by 
the parallels 18" 3' 15" ; 24" 7' 11"; and 29' 30' 48". By Lieutetlant-Colonel 
Everest, F.R.S., &c.,lateSurveyor Generalof India, audhie Assistants. London, 1847. 
(Out  of priozt). 

Account of the Operations of the Great Trigonometrical Survey of India. 
Price Rupees 10-8 per volume. 

Volume . 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. 
Jay Colonel J. T. Walker, R.E., F.R.S., %c., kc, Superintendent of the Survey. 
Dehra Dlin, 18.70. 

'Do. 11. History and General Description of the Principal Triangulation and of its 
Reduction. By Colonel J. T. Walker, C.B., R.E., F.R.S., kc., &c., Surveyor General 
of India andSuperintendent of the.Survey, and his Assistants. Dehra Dfin, 1879. 

Do. 111. The Principal Triangulation, the Base-Line Figures, the Kadchi Longitu- 
dinal, N.W. Himalaya, and the Great Indus Series of the North-West 
Qundrilateril. By Colot~el J. T. Walker, R.E , F.R.S., t c . ,  kc., Superintendent of 
ihe Survey, and his Assistants. D&ra Db, 1873. 
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Volume IV. 

Do.. IVA. 

Do. V. 

Do. VI.* 

Do, YII.. 

Do; VIII. 

Do. IX. 

Do. X. 

-- - 

* No copies avail 

The Principal Triangulation, the Great Arc (Section 24"-30°), Rahlin, Gurh4- 
gttrh and Jogi-'l 'h Meridional Series and tlie Sutlej Series of the North- 
West Quadrilateral. By Colonel 9. T. Walker, R. E., F.B.S., &c., &a, Superintend- 
ent d the Survey, and his Assistants. Dehra Dlin, 1873. 

General Description of the Principal Triangulation of the Jodhpore and the 
Eastern Sind Meridional Series of the North-West Quadrilateral, with the 
Details of their Reduction and tlie Final Results. Prepared in the Office of 
the Trigonometrical Branch, Survey of India, Colonel C. 1'. Haig, R.E., Offg. Deputy 
Surveyor General, in charge, and published under the olders of Colonel 8. G. 
DePre'e, S.C., Surveyor General of India. Dehra Dlin, 1886. 

Details of the Pendulum Operations by Captains J. P. h e v i ,  R.E., and 
W. J. Heaviside, R.E., and of their Reduction. Prepared under the directions 
of Major-General J. T. Walker, C.B., R.E., F.R. S., &c., &c., Surveyor General of 
India and Superintendent cd the Trigonometrical Survey. Debra and Calcutta, 
1879. 

Tho Principal Triangutdion of tbe Sonth-East Quadrilateral, including the 
Great Arc-Section 18' to %", the East Coast Series, the Calcutta and the 
Bider Longitudinal Series, the Jnbalpur and the Bilhspur Meridional Series, 
and the Details of their Simultat~eous Reduction. Prcpared ~ l n d e r  tho direc- 
tions of Major-General J. T. Walker, C.B., R.E., F.R.S., kc., &o., Surreyor General. 
of 111dia ant1 Superintendent of the Trig~rmmetrical Survey. Dehra D h ,  1880. 

General Description of the Principal Triangulation of the North-East Qriadri- 
lateral, including the Simultaneous Reduction and the Details of five of the 
component Series, tlie North-East Longitudinal, the Budhon Meridional,. 
tlie Rangir Meridional, the Amua Meridional, and the Kar8ra Meridional. 
Prepared under the directions of Lieutenant-General J. '1'. Walker, C.B., R.E., F.R.S., 
kc., kc., Surveyor General of India aud Superintendent of the Trigonometrical Survey.. 
Dehra D6n, 1882. 

Details of the Principal Triangulation of eleven of Olle component Series 
of the Nortlr-East Quadrilateral, including the folloming Series ; tile 6111'- 

whni Meridional, tlie Gora 3leridional, the Hurfliiong Meridional, the 
Cliendw6r 31eridiona1, the North PLilasnirth Meridiona.1, the Nortlr Mal6n- 
cha Meridional, the Celcu tta >feridionrcl, the East Calcutta Longitudinal, 
tlie Bralirnaputra Meridional, tlle Eastern Frontier-Section 23" to 26', and 
tile Assam L0ngitudinsl.l. Prepared under the directions ef Lieut.-General J. T. 
Walker, C.B., R.E., P.K.S., &c., &c., Surveyor General of India and Superintendent 
sf the 'l'rigonometrical Survey. Dehra &in, 1882. 

Electro-Telcgrapllic Longitude Operations execnted during the years 1875-77 
and 1880-81, by Lieut.-Colonel W. M. Campbell, R.E., and Major W. J. 
Heaviside, R.E. Prepared under the directions of Lieut.-General 3.1'. Walker, C.B., 
R.E., F.R.S., kc., kc., Surveyor Geaeral of India and Superintendent of the Trigono- 
metrical Survey. Debra Diin, 1883. 

Electro-Telegraphic Longitude Operations executed during the years 1881-82, 
1882-83 and 1883-84, by Major G. Stral~an, R.E., and Major W. J. Heavi- 
side, R.E. Prepared utlder the directions of Colonel C. T. Haig, R.E., Deputy 
Surveyor General, Trigonometrical Branch, and published under the orders of Colonel 
H. R. Thuillier, R. E., Surveyor General of Iadia. Dellra D6n, 1887. 

-- 

able at the Trigonometrical Branch Oflice, Dehra Din. 
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Volume XI. Astronomical Observatisna for Latitude made during the period 1805 tcr 
1885, with a General Description of the Operations and Final Results. 
Prepared under the directions of Lieat.-Colonel G. Strahan, K.E., Deputy Surveyor 
General, Trigonometrical Branch, and published under the orders of Colonel H. R. 
Thuillier, R.E., Surveyox General ot India. Dehra Dlin, 1890. 

Do. XII. General Description of the Principal Triangulation of the Southern Trigon, 
including the Bimultaneous Reduetion and the Details of two of the  
component Series, the Great Arc Meridionrtl-Section 8" to IS0, and the  
Bombay Longitudinal. Prepared under the directions of Lieut.-Colonel 8. Strahan,. 
R.E., Deputy Surveyor General, Trigonometrical Brmch, and published under the 
orders of Cblonel H. R. Thuillier, R.E., Surveyor General of India. Dehra Dlin, 1890. 

Do. XIII .  Details of the Principal. Triangulation of five of the component Series of 
the Southern Trigon, including the following Series ; the South Konkan 
Coast, the Mangalore Meridional, the Maclrae Meridional and Coast, the. 
South-East Colrst, and the Madras Longitudinal. Prepared under the directions. 
of Lieut.-Colonel G. Strahan, H.E., Deputy Surveyor General, Trigonometrical Branch, 
and published under the orders of Colonel H. R. Thuillier, B.E., Surveyor General of 
India. Dehra Dlin, 1890. 

Do. XIV. General Description of t l ~ e  Principal Triangulatio~ of the South-West 
Quadrilateral, including tile Simultaneoua R,eduction and the Details of 
its component, Series. P~epared undel: the directions of W. H. Cole, EsQ., M.A., 
Offg. Deputy Surveyor General, Trigonometrical Branch, and published under the 
orders of Colonel H. R. Thuillier, R.E., Surveyor General oE India. Dehra DGn,. 
1890. 

Do. XV, Electro-Telegraphic Longitude Operations executed during the years 1885-86, 
1887-88,1889-90 and 1891-92, and the Revised Besults of Arcs contained in 
Volumes I X  and X ;  a190 the Simultaneous Rrduction and the Final 
Results of the whole of the Operations. Prepared under the directions oE 
Colonel G. Stmhan, R.E., Deputy Surveyor General, Trigonometrical Branch, and 
published under the orders of Colonel H. R. Thuillier, B.B., Surveyor General of India. 
Dehra D6n, 1893. 

Do. XVI. Dktails of the Tidal Observations taken during the period from 1873 to 1893- 
a i d  a description of tlie methods of Reduction by J. Eeelee, M.A., 
Superintendent, Survey of India. Prepared under the directions of Major 
S.  G. Bwrrard, R.E., Superintendent Trigonometrical Surveys, ant1 published under 
the orders of Colonel St. G. C. Gore, B.E., Surveyoc General of India Dehra Dlin,. 
1901. 

Do. XVII. Electro-Telegraphic Longitude Operations executed during the years 
1894-95-96, comprising the Indo-European Arcs from Karachi to Greenwich. 
Prepared under the directions of Major S. G. Burrard, R.E., Superintelldent Trigorlo- 
metrical Surveys, and published under the orders of Colonel St. G. C. Gore, R.E., 
Surveyor General of India. Dehra D6n, 1901. 


















