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THE RIGHT HON'BLE SIR MOUNTSTUART ELPHINSTONE GRANT DUFF, 
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permission to be specially dedicated to you, whose discerning, enlightened 
and liberal views in regard to the encouragement of science, alone enabled 
me to cornmelice publicahion, by the removal of certain arbitrary and 
suppressive reestrictions which have prevented me and my predecessors from 
attempting anything of the kind for considerably more than thirty years 
past. 

Without prompt publication of results, scientific researches in general, 
and above all astronomical observations, are comparatively useless. I came 
to India deeply impressed with this view, and with the full intention of 
bringing out an annual volume, and now that you Sir have rendered this 
possible, and I have every reason to feel assured that your successors in office 
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~ a d r a s  Astronomer, vie-, the right of distribution of his publications, 
enjoyed by every other astronomer in the world but so long disallowed at  
Madras ; the one Observatory of India will, I hope, speedily recover its 
prestige and remain an enduring evidence of one of the many benefits 
conferred upon Southern India, during your regime as Her Majesty's 
llepl.esentative st Madras. 

With grateful recollections of past kindness and best wishes for your 
health, happiness and future well earned distinctions, 

I remain, Honorable Sir, 

Your most obedient Servant, 

N. R. POGSON. 



INTRODUCTION. 

Meridional observations were commenced a t  the Madras Observatory on 
January 9th, 1793, with a little twenty-inch transit instrument, by Stancliff, 
and a twelve-inch altitude and azimuth instrument, by Troughton; neither 
of them bearing an object glass of so much as an inch and a half in aperture. 
With these diminutive appliances the work of tho Observatory was carried 
on until the year 1829. The records of the first nineteen years were simply 
copied out and transmitted to the Honorable Board of Directors of tlle East 
India Company. Those -from 1812 to 1525 were published in two bulky 
folio volumes, but consisted only of unreduced observations of the Sun, Moon, 
old planets and brighter fixed stars. These two volumes were published by 
the Honorable Company's Astronomer, Mr. J. D. Goldingham, as Volumes 
3rd and 4kh, with a view to the previous records being subsequently printed, 
an arrangement wliich however was never carried out. 

An important step in the history of the Observatory was made in the 
year 1830, when a five-foot Transit Instrurnont and a four-foot Mural Circle, 
both by Dollond, with object glasses of nearly four inches aperture, were 
ei~,ected under the superintendence of Mr. T. G. Taylor, one of tho most able 
and energetic astronomers of his (lay. With these instruments, the celebrated 
" M~~~dvsas Cntalogz~c," containing positions of 11,015 stars reduced to the 
Epoch 1835, was accomplished betmeen thsyears 1831 and 1843, and in spite 
of its woakest points, large instrumental. errors of an unexpected nntnre in 
tllc Mural Circle, which. Mr. Taylor did his best to eliminate before printsing 
his final catalogue, its v a l ~ ~ e  a t  the present clate may be inferred from the 
circurnstn~ice of zt ?ow edition being now called for by European astronomerg. 
It, is scarcely noccssary to rnei~tion that I shall respond to  this call with 
great ploasuro an soon as the results of my own labors have bbeen laid before 
the world, and tinlo permits of the invostigat,ion of the remaining errors, both 
casulxl and systematic, which still require correcting in the former catalogue. 
The addition of the mean datos of observation in each co-ordinate, which will 
of coursa entail reference to every individual observation upon which the final 
st,ar positions are based, is a180 a matter of such importance that there could 
be no excuse for its omission in caso of a secorrd edition of the ~c?,t,aloguo, 
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The Transit Instrument and Mural Circle were next employed, between 
1849 and 1852, in the revision of 1440 stars of the British Association Cata- 
logue, under the direction of Captain W. S. Jacob, Bombay Engineers ; the 
results being published in Vol. VIII of the second series of Madras Obser- 
vations. 

A considerable number of star observations, made with the same instru- 
ments between 1853 and 1858, under the superintendence of Captain Jacob 
and of Major W. K. Worster, Madras Artillery, but only partially reduced to 
apparent places, will, when completed, form another catalogue of about 2,200 
stars, for the epoch 1855. A selection of 317 of these stars, .suspected of 
large proper motion, was printed in the " Nernoirs of the Royal Astronomical 
Society", Vol. XXVIII. 

There are also 1,331 observations of the Sun, 345 of the Moon, 1,680 of 
the principal planets and 333 of various minor planets, made with the old 
instruments during the same years, in continuation of those given in Volume 
7 of the c c  Mad~as  Astrononzical Obse~vations" awaiting publication. 

It is now about forty years since the Astronomer Royal (then Prof. G. 
B. Airy) introduced a most important change in regard to meridian instru- 
nients, by suggesting a Transit Circle for the Royal Observatory in place of 
the two separate instruments hitherto employed for determining the absolute 
Right Ascellsions and Polar Distances of celestial objects at Greenwich. The 
advantages of having both co-ordinates observed at the same time and by the 
same person, are so obvious, that it is surprising the old practice was so long 
eiidured by astronomers. The Royal Observatory was supplied with a mag- 
llificent Transit Circle in 1850, which was brought into use the following 
year, the object glass of its telescope being eight inches and its divided circle 
six feet in diameter. A fac-simile of the Greenwich instrument, subsequently 
supplied to the Cape Observatory, was first used there in 1855. Meanwhile 
however, in 1852, Mr. R. C. Carrington of Redhill, had a Transit Circle con- 
structed for him by Messrs. Troughton and Simms, similar in all essential 
~ o i n t s  to the new one at  Greenwich, and divided by the same exquisite machi- 
aery, but with a five-inch object glass qnd a forty-t~co inch circle instead of the 
much la~ger  and more costly size adopted at the Royal Observatory. When 
no longer required at the Redhill Observatory this fine instrument was re- 
moved to the Radcliffe Observatory, at Oxford, in 1861, and has been used 
there ever since. 
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I n  the year 1855, by the liberality of the Board of Directors of the 
Honorable East India Company, anew Transit Circle, similar to Mr. Carring- 
ton's, was ordered of IkIessrs. Troughton and Simms, upon the recommenda- 
tion of Captain Jacob. The general superintendence of its constrnctioii was 
kindly undertaken by Mr. Carrington, who, in consultation with its able 
makers, advised such alterations in its various details as the experience of his 
own instrument had led him to consider advisable. The Transit Circlc 
reached Madras in March, 1858, only a month before Captain Jacob's departure, 
and although orders were immediately issued for its erection, unforeseen 
difficulties and above all frequent changes ia the direction of the Observatory, 
prevented it from being ready for use until four years after its arrival. 

Similar instruments have since been supplied by the same eminent firm 
to Melbourne, Xidney and many other observatories, both public and pivate, 
a t  home and abroad. The description already given of any one of theso 
instruments is so nearly applicable to all the others that the following brief 
details of the Madras Transit ,Circle may seem to many supererogatory, 
especially as the instrument has now been in coilstant use for nearly a quarter 
of a century. 

BUILDINGS. 

These consist of two blocks ;-one comprising the old Observatory wit11 
its more recent aclditions ; a long, low, narrow structure, extending 196 
feet from East to West, by 25 from North to Soufh ; the other, the residence 
of the Astronomer, facing south-east, about 120 yards south-west of the 
former, and covering a space of 75 by 50 feet. The original Observatory, 
built in 1792, consisted of a single room, 40 feet long by 20 broad and 15 
high inside, with massive walls, over two feet in thickness. Tho floor rests 
on beams supported entirely by the walls ~znd dctached from the instrumental 
basement, which consists oE a solid pyramida,l mass of masonry, 37 foot long 
by 6 feet wide at its upper surface, 6 feet in depth, and 45 feet long 
by 12 feet broad below; probably littlo less firm or massive than a solid rock 
of similar dimensions. A coilical granite pier rests on the centre of this mass, 
4 feet in diameter at its base, tapering up to 2 feet a t  its total height of 18 
feet, and weighing certainly over ten tons. This was the pier originally 
provided for the little 12-inch alt-azimuth by Troughton; while the small 
Transit by Stancliffo and the Transit-clock, both rested on granite supports 
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each weighing about 2& tons. m e n  Mr. Taylor replaced the small instru- 
ments by the Dollond Transit and the Mural Circle, in 1830, they were fixed on 
stone piers, the former as far east and the latter as far(to the) west as the a 
basement would allow, on opposite sides of the great central conical frustum, 
which was retained in position as a huge counterpoise, though no longer used 
as a support for any instrument. 

The present Meridian Circle occupies the same position as Mr. Taylor's 
Transit-instrument, looking through the same slits in the roof and walls, 
which have however been made 22 inches wide instead of only 15 as formerly. 
Tmo brick piers were first erected for its reception, but these were condemned 
by Major Worster, in January 1859, and were replaced by excellent granite 
ones, under Major Tennaut's superintendence, in 1860. Each of these piers 
measures 4& feet by 2 and rises 4 feet above the floor of the room. Four 
composition blocks, each 45 feet long by 2 wide and 2 feet 2 inches high, 
were sent out with the new instrument from England, and on two of these, 
s~~moun t ing  the granite base piers, rests the Meridian Circle, with its pivot 
centres 6 feet 2 inches from the floor. The other two composition blocks 
or cap stones support the counterpoise arrangements and raise the piers to  
a total height of 8 feet 4 inches. The clear space between the piers for the 
observer is 39 inches. 

Want of proper instructions, or possibly the loss of such i£ sent, in regard 
to the cap stones, caused much difficulty and delay in the erection of the 
instrument, as if placed in position as they were sent out, the pivots would 
have been built into two 12-inch square holes, inaccepible even for cleaning .. 

and oiling ; while the instrument could never have been lifted so much as 
six inches out of its bearings, whatever alterations or repairs might at  any 
time become necessary. Two slices of 9+ inches thickness were accordingly 
cut out of the middle of each cap stone and these were afterwards found very 
useful in overcoming another difEoulty of construction which will be described 
further on. 

About the year 1845, when the Magnetieal Establishment was removed 
to the Observatory, the old transit room received considerable extensions, 
rendered necessary for the accommodation of the additional instruments and 
assistants transferred to the care of the Government Astronomer. Eastward 
was added ; first, a covered passage, 20 feet long by 8 broad, leading to the 
Dip-circle room, which measured 16 feet by 26 feet ; next a magnetic room, 
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45 feet by 15 feet, in which the Bifilar, Vertical Force and Declination Mag- 
netometers were placed and read hourly up to March 1861 ; and third, a 
small Transit-theodolite room, 16 feet by 12 feet, used in connection with 
the Declination Magnetometer and as a computing room for the head mag- 
netical Assistant. About 30 feet more eastward stands a smali detached 
room, 22* feet by 15 feet, used only for periodical determinations of the 
absolute Horizontal Force, by means of the usual deflexion apparatus supplied 
to  all the magnetical observatories started upon the recommendation of the 
Royal Society in the year 1841. 

Westward of the old transit room were added two small rooms, each 20 
feet by 15 feet, the first being used as a comp~zting and manuscript room and 
the other as a store room for instruments and other property not in nct~zaluse. 

In  the year 18i2 three additional rooms for celestial photography were 
hurriedly run up on the roof over the Transit Circle room, just in time to 
secure photographs of the annular eclipse of the Sun on June 6th of that 
year. The fine silver glass nine-inch reflector by John Browning, used by 
Colonel J. F. Tennant, at  Guntoor, on the occasion of the total solar eclipse 
on August lath,  1868, having been altered, repaired and sent to Madras by the 
advice of the Astronomer Royal in 1871, for use at  Avenstshi in the Coimbatore 
District, during the next total eclipse which India was privileged to witness on 
Decerqber 12th, 1871 ; was afterwards brought to Nadras and mounted upon 
the large granite conical pier before mentioned ; a room, 21 feet by 15 feet, 
being built to enclose it. A flat sliding shutter was provided, which when 
rolled off westward, left a square oponing of 10 feot, giving the reflector a 
fair command of the sky except near the horizon whore it was never likely to 
be used for photographic purposes. Two small rooms adjoining; one dark 
for developing and the other for printing and other purposes, were also pre- 
pared in time for the annular eclipse in 1872. Very complete and convenient 
arrangements for securing celestial photographs were made, ostensibly with 
s view to t h c  approaching Transit of Venus, on December 8th, 1814, and the 
Browning reflector was in readiness for that important event, but unfortu- 
nately cloudy weather preventod any photographs from being taken and the 
telescope was dismounted and sent to Calcutta, in compliance with orders 
from the Government of India, in February 1876. 

A small portable equator$l, with a 3f-inch object glass by Dollond, has e 

since been placed in the reflector-room and is occasionally used for casual 
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phenomena, such as eclipses or occultations, but all photographic operations 
were of coarse stopped by the removal of the reflector. The recent wonder- 
ful advances in celestial pl~otography may render the renovation and equip- 
ment of this part of the observatory a very important step in regard to 
observations in the near future. 

The house, originally provided for the Astronomer's use only, is a still 
older and more substantial building than the Observatory proper already des- 
cribed, and much of it is nom given up for purely officia,l purposes. It con- 
tains in all eighteen rooms; eight on the ground floor; seven on the first 
floor and three on the roof. The ever increasing and akeady valuable and 
extensive Library occupies two rooms on the ground gooy, and in these also 
are placed the electrical clock and telegraphic appliances used for giving true 
time to the local shipping and generally to all parts of India. A granite 
step of the north-east door of the Library is a bench-mark of the G. T. Sur- 
vey of India and is 22 feet above mean sea level. The private office of the 
Astronomer is immediately over the Library, and on the roof are, a small 
Anemograph room, 1 0 i  feet square ; a 16-foot circular room with an excel- 
lent revolving dome, containing a fine eight-inch ~ ~ u a t o r 4 1  by Messrs. ---- -e/ 

Troughton and Simms, and another, slightly smaller but similar room, for the 
P/ ---- six-inch ~ ~ u a t o r l a l  by Messrs. Lerebours and Secretan, formerly used to 

such good purpose by Captain Jacob in measurements of double stars and of 
Saturn's satellites. 

Photographs or drawings of the buildings and of the chief instruments 
were intended to have been given in this volume, but are unavoidably deferred 
for the present. 

THE MEIcIDIAN CIRCLE. 

This fine instrument, as already stated, vas  made by Messrs. Troughton 
and Simrns, in consultation with the late Mr. R. C. Carrington, and its gene- 
ral excellence has proved most satisfactory. The clear aperture of the object 
glass is 5 i  inches and its focal length about 50 inches; the magnifying 
pomera of the eye-pieces being very nearly as engraved on each, viz., 105, 
147 and 230. The middlQ power has been used throughout. A Bohnen- 
berger's eye-piece, power 106, was also supplied for determinations of the 
nadir point and level error. 

The horizontal axis consists of a central 12-inch cube and  two cones, 
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each ten inches in diameter a t  the cube and in one casting of gun-metal 
therewith; bearing at their extremities the pivots, also of gun-metal, which 
are 3 inches in diameter and rest in brass Y's, adjustable vertically only by 
screw-motion ; any change in azimuth requiring the forcible bodily movement 
of the east pivot support by means of double wedges, but such adjustment 
has only been once needed since the instrument was finally mounted in 1862. 
The pivots and Y's are so well boxed in with close fitting brass covers that 
dust and moisture are efEectuaJly excluded. 

The two ends of the telescope are each screwed to the cube by twelve stout 
bolts. There are two nearly similar gun-metal 42-inch circles, each fir* 

Jsecured by (means of )eight screws t o  truly faced flanges, attached t o  the 
conical axes on opposite sides of the cube. The clear space between the two 
circles is just 30 inches. The eastern circle is coarsely divided, to 10' only, 
for setting, and is also intended as a handle for turning the instrument 
round. I t  is clipped by two clamps, with slow motions and tangent rods, 
which have generally been used for making bisections in preference to the 
micromet'er of the eyepiece, ever a, fruitful source of error in polar distance 
determinations. The western circle carries a rim of gold, inclined at a level 
of about 12" to the plane of the circle to facilitate reading and illumination, 
and is divided with Messrs. Troughton and Simm's well known precision into 
5' spaces. The divisions are read off by six microscopes of very considerable 
nzagnifying power, so placed as to bring their micrometer eyepieces within a 
circle of 30 inches diameter and for the lower microscope to read zlenith-dis- 
tances. Each microscope micrometer screw moves a pair of close parallel wires, 
the nearest division of the limb being brought midway between them instead 
of being bisected by cross wires. The divided circle is enclosed in a light 
open work box t o  shield i t  from accidental injury by the observer. 

The groatest source of delay and difficulty in mounting the instrument 
was in regard t o  the fixing of the sixmicroscopes. It was(obviously)intended 
that they should be. placed as  they now are, for the lower one t o  read 
zenith distances, and the hole for it t o  look through was drilled in the lower 
part of the western pier in readiness. This however caused the upper micro- 
scope, in the cap-stone above, t o  come immediately above the flame of an argand 
lamp, provided for lighting up the field of view, or the wires in a dark field, 
and for the general illumination of the limb opposite to each microscope. It 
was soon founh that the much smaller flame of a, t l in flat wick gave ample 
illumination for the limb and also for the wires in a bright field, though not 

C 



sufficient for the satisfactory use of bright wires in a dark field. With one 
of the slices' cut out of the ca'p-stones, as mentioned on page vi, a conical 
frustum, of 24 inches base and 19 at  its face, was attached to the western pier, 
projecting 6 inches from it, and with a continuation of the 12-inch square space 
left for the pivot supports, through its centre. By placing a small lamp 
therein, with a bent chimney to carry off all smoke and as much heat as 
possible, the difficulty was at  last overconle ; certainly not as arranged by 
Messrs. Troughton and Simrns but quite effectual for the purpose. The 
conical projection lies between the micrometers, serving as a protection to  
them against possible injury, but is neither in the way nor in the least 
unsightly, and no one seeing the instrument for the first time mould imagine for 
a moment that it was any addition to or departure from the original design. 
The light of the small lamp is guided and condensed by a frame of seven 
lenses ; a large central one for illuminating the field, and six smaller ones 
for distributing it where repired upon the divided limb under each microscope. 

Two pairs of brass arcs had been pyovided for tlie support of the other 
four microscopes; one pair for ttlie eyepieces and micrometers on the outside 
western face of the pier, and a larger pair, to bear tlie objectives on its 
eastern or inner side ; apertures being also left in the composition stones for 
the long tubes connecting the eyepieces and their objectives; but in order to 
fix the upper kicroscope after cutting out a g+ inch slice just where it had 
to  come, two more similar metal arcs had td( be cast and made up here. 
Considering the difficulty of getting anything ox the  kind done in Madras in 
tl~ose times, it would h a ~ e  been much better f~?%lessrs. Troughton and 
Simms to have sent out a skilled mechanic to assist in the erection of the 
instrument, but it fortunately happened, that in September, 1861, a German 
Mathematical Instrument maker, the late Mr. F. Doderet, was sent out by 
t l ~ e  Right Honorable, the Secretary of State for India, to start workshops for 
the repair of levels, theodolites, &c., for the Public Works Department, and 
as  no place, plant or assistants were prepared for him, I was readily granted 
the benefit of his services for six months. Major Tennant, when in charge 
of the Obsel*vatory had purchased for Government an excellent lathe, by 
Holtzaffel, and with it and a supply of other tools from the Arsenal, we set 
vigorously to work and got the Transit usable for time determinations by the 
end of the year, and all the modifications required in the microscope arrange- 
ments finished in May 1862, when complete observations were first steadily 
commenced. 
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Heavy coounterpoises, wit11 their fulcra resting on;inch' thick iron plates, 
crossing the cap stones, relieve the Y's of most of the weight of the instru- 
ment, by nzeans of two pair of 5-inch friction rollers, ayplied to grooves on 
t l ~ e  axis between the circles and pivots ; small additional weights sufficing 
to lift it out of its bearing for cleaning and oiling. The residual pressure of 
the pivots upon each Y is about 10 or 12 lbs. 

A finder, 15 inches in length and 1+ in aperture was added to the teles- 
cope, pTesumably for estimating the magnitudes of the brighter stars but its 
utility for that or any other purpose is veyy questionable. 

The telescope eyepiece was provided with a system of seven vertical and 
one horizontal spider lines, ~novealr>le each way by micrometer screws of pmc- 
tically the same thead.  The single horizontal line was replaced by a close 
pair, about 12" apart, and bisections have throughout been made by bringing 
stars exactly midway between the two when crossing the centre vertical wire. 
For observations of Mars especially, the estimated equality of the segments 
above and below, was ulzquestioaably better tkan tangential contacts of a 
single line wit11 either north or soutll limb. 

For collimating, two 35-inch tolescopcs with 22-inch object glasses, are 
mounted on piers, level with the ceiitre of tlie Transit-circle, inside the room, 
and a t  a distance of 57 iilches from tile object glass of the instrumelit wlis11 
turned to either the north or soutk horizon. The centma1 cube is pierced by 
two 4-inch circular apertures, so that tlic wires in oachcollimator can be seen 
througll the other wlien tlic circle roads 180." Tho south collimator micro- 
meter moves l~orizontally, for fixing an approximate meridian line, and tho 
north one vertically, HO a8 to give a nearly horizontal line for flexllrs deter- 
minations. Having only native assistants for observers and considering 
tlzorefore that extrclne sinlplicity would cnsure the safcst results, I did not 
adopt the Greenwich patter11 of wires, but preferred simple crosses ; that in tho 
north collimator being arranged as in the sign x and that in the south colli- 
~nator  as a, +, which I thought better suited to t11ose who had to use thorn. 

Upon my arrival a t  Madras I found the collimators placed outside the 
Observatory in small s,quare detached rooms, twenty feet furtlier from the 
Transit-circle than they now are. This was far more convenient as regarded 
space inside, and would have permitted of reflexion observations being taken 
much lower, had such been possible and urgently deairable ; but I soon 
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found upon trial, that the passage of the visual rays through three strata of 
air of very unequal temperatures, caused the wires to appear so faint and 
tremulous that I gladly removed the collimators inside the Observatory, as 
Mr. Carrington's were placed at  Redhill, and the result was all that could be 
expected or desired. 

A convenient transit observing seat runs on six rollers, between the 
circle piers, from one collimator pier to the other ; and on the instrumental 
basement, a foot below the boarded floor, in which are five hinged trap 
doors, is a railway for two movea,ble reflexion troughs, besides a fixed cir- 
cular one, vertically below the centre of the Transit-circle, for use with the 
Bohnenberger eyepiece, for nadir point and level error determinations. 

CLOCKS AND CHRONOGRAPH. 

One of those rare and matchless old clocks, by Shelton, with a gridiron 
pendulum the compensat,ion of which as nearly approaches perfection as possi- 
ble, was found in India when the Observato~y was first started in 1792, and 
is to this day by far the steadiest timekeeper in the place. It was u ~ e d  as 
the transit-clock till 1859, when it was replaced by a new one by Dent, with 
a mercurial pendulum, of the best modern construction, but certainly no im- 
provement upon the old one except in its far louder and more convenient 
beat. Some of the mercury mas accidentally spilt in setting up the new clock 
and though more was added to replace the missing quantity, its compensation 
has never yet been so satisfactory as that of the old Shelton, which has since 
been used with the principal Equatoreal. The performance of the Dent tran- 
sit-clock has, however, been good throughout and no better could be desired 
as a standard sidered regulator. 

A curious old clock, by Haswall, used by Mr. Goldingham in his pendu- 
lum experiments in 1821, with a mainspring instead of a weight and a very 
peculiar double escapement, was formerly used with the old mural-circle and 
was most capricious in i ts  daily rate. The escapement being simplified and 
the spring exchanged for a barrel and weight, it has been used with the 
smaller equatoreal since 1866, and has worked better, though never compara- 
ble to the two first named. 

An excellent mean time electrical clock by Shepherd C% Son, mas supplied 
to  the Observatory in 1872, and though severely criticized when under trial at  
the India Store Department for instruments, at  Lambeth, it has worked well 
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eizough at Madras. It transmits hourly currents, by which a time gun a t  
Port St. George, about three miles distant, is fired at noon and 8 p.m., 
and a semaphore a t  the Marine Office, a mile further, is dropped a t  8 a.m. 
and 2 p.m., with as few failures as are usually made in time signals 
elsewhere. It also passes alternately positive and iiegative currents, second 
by second, for the control of sympathetic clocks, one of which has been going 
at the Marine Office since 1879, as fairly as could be expeched considering its 
very indifferent treatment ever since i t  was set up. When first received at  
hladras, the Shepherd clock had a magnetic contriva~nce for the daily rectifi- 
cation of its small error, as necessary in all electrical motor clocks, and this 
was undoubtedly the source of dissatisfaction when on its trial in London, 
as until i t  was discarded nothing could be done with the clock here. As soor1 
liowever as a simple grayitation adjustment was substituted, consisting of a 
small brass weight oE 159 grains, which when placed upon a shelf about 16 
inches below the point of suspension of the pendulum makes the clock gain a 
hundretk of a second per minute, or lose a t  the same rate wlien placed on 
ailother shelf below the pendulum jar, all irregularities oeaaed and no further 
difficulty was experienced. 

Applioation was made for s chronograph, in 1863, chiefly with il view to 
carrying nut telegraphic longitude operations, and for observations of Mars 
in opposition for investigation of t110 constant of solar parallax. A barrel 
chronop;r&pli was specified as baing tlhe only kind desired, ths time marks 
being read 08 with so muoh more oertainty, s p e d  and convenience when i11 
parallel rows on a sing10 slleet than from many yards of s thin papor tape or 
fillet. My application received 110 reply at the time, but several years later a 
Prench fillet recorder was sent out ; too late for the special purposes for which 
it was wanted and quits uasuitable, even if i t  had b ~ o n  supplied when 
psked for. 

OBJECTS SELECTED FOR OBAERVATION WITH THE 
TBANSIT CIRC&E. 

The obj~ots selected for observation with tlze new Meridian-circle werc ; 
bhu brighter stars inclusive, down t o  the 5th magnitude ; the moon and moon- 
culminating stars given in the Nautical Almanac; Mars and the stars obser. 
ved with him at successive oppositions, on tire meridian, as well as thoso 
used east and west, with the Equatoreal, for parallax investiigatio~s ; minor 
planets in opposition, if not under the 10th mpgnitude ; oomparison stars used 
for differenti~l obseyvat,tions of cornets aqd planeta from 1861; all known 

P 
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variable stars ; zero stars for maps of those objects finlhand, and as many 
others, not below the 9th magnitude, as time would permit, between 130' and 
150" Polar Distance, as determining stars for the zones of the Southern 
Survey, in extension of the late Prof. Argelander's great Northern Survey, 
which, with that distinguished astronomer's warm approval and advice I had 
intended to make my chief personallabor a t  Madras. The very extraordinary 
opposition met with to this work, from a quarter whence @ such was least 
expected, partitioning out in portions to other observatories the work I had 
undertaken as a whole, compelled me to abandon any participation in its 
accomplishment at  the end of 1863, after it had been fairly commenced in 
that year. 

The refusal of European assistance, after I had been aut.horized to apply 
to Prof. Argelander and Mr. Hind to suggest for appointment any well 
qualified young astronomer either of them might know of as available, was a 
death blow to the too ambitious programme I had undertaken and an unfore- 
seen justification for my renunciation of the Southern Survey. The local 
Government and its distinguished chief, Sir W. Denison R. E., had warmly 
supported my plea for a German or English assistant, and were so well assured 
of its being granted, that the plan and ostimate for separate quarters in the 
Observatory grounds, for the accommodation of a Deputy Astronomer, were 
sanctioned and the foundations actually laid out, before the refusal of the 
promised help mas received from the India Office in London. My intention 
was to have only a small catalogue of stars observed by the native assistants 
vith the Meridian Circle, pending completion of the first few maps of the 
Southern Survey, and as soon as the approximate catalogues, similar to those 
of the Bonn " Dzcrc7~1nustet-u?zg" were available, to have all the stars they 
contained observed in zones with the n m  instrument, just as the Dwelh- 
muste~w~g" itself has been since dealt with by the northern observatories. 

Finding that the Meridian-circle must be used by native observers only, 
who though good for the slow methodical processes of ordinary meridian 
observations, could never be entrusted with the more arduous work of zoning ; 
the best course was to increase the former observing list by the addition of 
as many anonymous stars of more than 12Q0 Polar Distance as could be found, 
not less than the 8th magnitude. No star was to be observed on less than 
five nights and all objects of more than ordinary interest on at  least ten 
nights, and this has been adhered to throughout, wherever possible. 
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OBSERVATIONS. 

Observations with the Meridian Circle, the results only of which are 
given in this vol~ime, were almost entirely made by three native assistants, who 
were as fair observers as could probably be found of their class. The first 
Assistant, C. Sashoo Iyengar, was scrupulously careful and accurate and was 
warmly commended by every Astronomer, from 1837 up to the time of his 
death, in March, 1863. He was succeeded by C. Ragoonatha Chary, whose 
bett,er mathematical attainments and general aptitude for science, justified 
me and my friend, Mr. E. B. Powell, then Director of Public Instruction, ancl 
one of the greatest authorities upon the subject of Double Stars, in recom- 
mending him for the honor of election as a Bellow of the Royal Astronomical 
Society. The other native assistant who took part in the meridian observa- 
tions mas T. Moottoosawmy Pillay ; also a very trusty, painstaking man. 
911 three had used the old meridian instruments, but it was not until after 
Inore than a year's practice with the new Transit-circle that I dare trust 
illem to determine all their own instrumental corrections in the ordinary 
course of the night observations ; though decidedly convinced that it is far  
better to do so than to make special determinations and interpolate for the 
required dates, however steady the corrections may be. There were sucl.1 
evident personalities between them, that from tlie first I made each assistant 
find his own corrections ; nearly always being present, until I became 
assured that it would be safe t o  entrust them with such manipulations alone. 
The corrections for index and run of the microscopes micrometers were,'from 
the first, found a t  night, but those for inclination and collimation in the day 
time, until September 1868. Due allowance being made for diurnal aberra- 
tion, the right ascension micrometer was set to the corrected reading for no 
collimation ; and until April 1863, when the use of the polar distance micro- 
meter was first considered prudent, bisections were made with the tangenti 
rods and slow motions of the clamps. Even then i t  proved a very ques- 
tionable step and was a fruitful sourco of error long after its introduction. 

Observations were entered, in pencil, in convenient 'eoording books a8 

they were made. The standard barometer, by Newrnan, supplied by the 
Royal Society in 1841, and one of two thermometers, verified a t  Kew, mere 
recorded for refraction reductions ; the one used being at either a north 
or south window, according t o  the direction of the wind at  the time of 
observation. 



REDUCTION OF THE OBSERVATIONS. 

These were carried out in folio day books. The originals were bo~md 
for preservation in the Observatory, but as in the tropics it seems inlpossible 
t,o ensure that for long, copies were made for safer deposit in England, mhere 
they may be readily available for reference whenever desirable. 

The arrangement of the day books is as follows :- 

Left side.--Polar Distance : 12 columns. 
1 .-Reference Number. 
2.-Date and Observer. 
3.-Barometer. 
4 .-Thermometer. 
5.-Name of Object. 
6.-Deduced Circle Reading :-i. e.- 

zenith distance counted round 
through south nadir and north, 
up to 360' ; the means of the six 
microscopes, corrected for index, 
run of micrometers, and curvature 
if not observed at the centre of 
the field, 

7 .-Ref rections, computed by "Bessel 's  
Tables" as modified and expanded 
in an appendix to the Greenwich 
Observations for 1853, 

8.-Apparent Polar Distance, assuming 
the latitude as given in the Nau- 
tical Almanac ; viz., 13' 4' 8".1 
north. 

9.-Reductions to January 1st ; using the 
" Day Numbers" of the Nautical 
Almanac, and constants calculat- 
ed for every star not i n  the N. A. 
list far the year. 

10.-Mean Polar Distances of Stars. 
11.-Appwent Polar Distance by Ephe- 

meris. 
12. Correation to Ephemeris, 

Right side.-Right Ascensio~l : 17 columns. 
1.-Reference Number. 
2.-Name of Object. 
3.-Number of Wifes. 
$.-Estimated Plfagnitudes. 
5.-Mean of Wires :-the clock time of 

transit over the meall of the 
seven wires being meant in all 
cases, and every object observed 
over a less number being reduced 
thcreho by the adopted intervals 
of the wires noted. 

6.-Inclination correction. 
7. -Collimation correction. 
8.-Meridian correction. 
9.-Personal equation of Observer. 

10.-Sum of columns 6, 7, 8 and 9. 
11.-Corrected clock time of transit. 
12. -Clock correction applied. 
13.-Apparent Righc Ascension. 
14.-Reduction to January lst,  calculatecl 

as in column 9 of the Polar Dis- 
tance page. 

15.-Mean Right Ascensions of Stars. 
16.-Apparent Right Ascension by Ephe- 

meris. 
17.-Correotion to Clock or Ephemeris. 

The contents of the Observing or Recording books and of the Reduction 
or Day books are now rarely published except a t  national Observatories ; 
colonial and private Observatories seldom having either the staff or the 
funds required for printing such voluminous details, of questionable interest 
gy utility to those who only desire results. 
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The horizontal wires were most carefully adjusted, so that a star brought 
exactly between them upon entering the field of view was satisfactorily so 
when quitting i t  at the opposite side and no correction was therefore required 
for the very few cases in which a star was not bisected close to the middle 
transit wire. 

The value of one revolution of the Polar Distance micrometer, found by 
bisecting the cross of the north collimator with the close horizontal wires a t  
different settings of the micrometer and reading off the Circle, was 26"-33. 
Measured by means of coincidences between the wires and their reflected 
image, it was 26.37. The mean value, 2V.35 was adopted. 

The value of one revolution of the Right Ascension micrometer, found 
i11 a similar manner, after turning the eyepiece end through 90°, until the 
close horizontal wires were in a vertical line and then reading off the Circle 
when the centre wire was made to bisect the cross of the north collimator a t  
various readings, was 26"*66=1.771 seconds of time. 

The intervals of the seven wires from their mean, determined by twelve 
complete transits of polar stars in 1862, were as follows :- 

The Madras factors for inclination and meridian corrections were found 
by the following formula ; tho Polar Distance being considered negative for 
below pole factors. 

Inclination factor = +Oa974+ (9.35435) cotan. Polar Distanoe. 

Meridian factor = +On226- (9.98861) cotan. Polar Distance, 
w 

The correction for diurnal -ation at  Madras being 08.020, for the 
centre wire + O"109, and the zero of collimation having beenfound by taking 
the mean of the R. A. micrometer readings of the centre wire, when bisecting 
the crosses in the north and south collimators, after they had been adjusted 
11pon each other; we have for any other reading of the R, A. micrometer : 

Collimation corr*ection = 1 " '77 1 (zero of 0011, - adoptod reading -0.073), 

The reading of coincidence of the centre wire with its reflected image 
jn mercury being taken, we have also ; 

Inclisation correctton = le.7?l (zero of coll. -coincidence reading), 
E ' 
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The small altitude of the pole at  Madras renders the observation of stars 
often impossible at their lower transit. Weather permitting, the Meridian- 
correction was found by a pair of polar stars, but frequently of .necessity 
from one only, combined with a south star, when of course no other use was 
made of the observation, beyond that of furnishing the correction for the 
night. The correction was interpolated when not otherwise determinable. 

Personal equations were merely used for the convenience of avoiding 
changes in the local time, for the public signals, as different observers came on 
duty. The watches usually extended over half a month and the clock errors 
were never mixed. Upon several occasions, when the instrument was in use only 
as a Transit, before the Circle arrangements were completed, I observed a num- 
ber of clock stars intermediate between those of the native assistants, and 
from comparisons thus obtained, it appeared that they all required negative 
corrections to their recorded times relatively to my own. The numbers 
adopted were ; for Sashoo -OL.75, for Ragoonatha -08.35, and for Moottoo- 
sawrny - O"23. I afterwards found that similar differences in the habits of 
bisection existed between the native observers and myself ; rendering it 
equally necessary for each one to determine his own corrections for Index and 
Run, and causing apparent changes in the corrections certainly not due to 
the instrument, as may be readily seen in the following tables of adopted 
" Instrwmelztal Corrections", where the numbers enclosed in brackets are the 
determinations of difierent observers on the same night. 

The Nautical Almanac positions of Standard stars were used entirely 
for finding .the clock corrections, a few being rejected for the purpose, 
especially 8irius and 61 Cygni. Whatever corrections are due to the Nauti- , 

cal Almanac stars will therefore affect the Madras Right Ascension 
throughout. 

For the determination of the Meridian corrections, as well as with a 
view to securing data for correction of the assumed latitude, the positions of 
a number of the brighter stars in the " Catalogue of 164 Btars within 6' of 
the North Pole", given in Vol. XTil of the c c  Radclifle Observations" were 
employed. I preferred using the positions given therein to those of the 
" Radclife Catalogue o j  Stars for 1845", as they were entirely my own bringing 
up, under the supervision of my esteemed chief Mr. Johnson, then Radcliffe 
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Observer, who mas ever anxiously watchful for the results as the work was 
in progress. 

A flexure correction of 1".72 x sin Zenith Distance, was applied 
provisionally to the Polar Distances in this volume and I regret not having 
awaited a final value before using such a correction at all. 

Any investigation of the correction to the assumed latitude before the 
flexure correction is finally settled would be premature; nor do I think it 
mill be worth while to trifle with partial year to year enquiries now that all 
the observations for the Catalogue are completed. There is good reason to 
believe that the latitude requires to be increased (Mr. Taylor used 9"-2 
instead of 8".1 for his <' General Catalogue for 1835") and it will be far better 
to  combine all observations taken of each star, above and below pole, when 
reduced to the epoch 1875, a work which I hope to proceed with as early as 
other duties will permit, while the next volume is in hand. 

Imst~umentaZ Corrections adopted irc 1862. 

' 

The Inclination correction was adjusted on eaoh of the fb~t five Dight~ on whioh the instrument was 
nsed. It was aftemarbs determingd, about naoa, on June 7,9,12. 

Tho Right Asoension miorometer ww set to the correoted reding for no collimrttion, except on June 
7, when iO vas left by mistnke so as t o  require-a o~rreotion of - 0.14 second, 

----- -- - -- 

Cloak Inolina. Meridian. 
Date, I Index. I k 1 I 1 I o k m i n i n g  a,, 

p Bootie and Polaris 

p Bootis m d  34 B. P. L. 

108 R. P. L. and B Corvi. 

108, 111, 116 E. P. L., and E, B Corvi, 
Spica. 

111 I%. P. L. and a Librre. 

E Urs. Min. anddntmes. 

111 EL P. L. and Antares. 
-- 

8 

+ 0.39 
f 0.63 

+ 0.45 
+ 0.49 

f 0'50 

+ 1'16 

+ 0'09 

f 0'09 

+ 0.13 

8 

- 0'36 

- 0'32 

- 044  

- 0'443 
- 0'34 

- 0'34 
- 032 

- 0'36 

- 042 

I ,  

f 0.v 

f 0.8 

+08 

+0B 
f0.8 

+ 0.5 

f 0.5 

+07 
+ 0 6  

1802. 

may 31. 

June 2 

3 

4 

5 

7 

9 

10 

12 

8 

0.00 

0'00 

0.00 

0.00 

0.00 

f 0'13 

- 0.08 

- 0.06 

- 002 

r 
I ,  

- 3.5 

- 5'0 

- 4 5  

- 1 
- 3.8 

- 4.8 

- 3.6 

- 4.0 

- 5.2 
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Inst~umental Corrections adopied in 1562. 
- 

Date I Index. 1 '1:"; I Meridian. ) Determining Stars. 

to the western pier, between them and the lamp. 
The microscopes were re-adjusted throughout on July 3 and 15. 
The Clock rate was diminished 0'5 second after the observations on July 31. 
TheInclination correction was determined, usually about noon, on June 14,17,20, July 3,10, 15, 21, 

28 and Angust 4. 
The Right Ascension micrometer was set to the oorrected reading for no collimation, except on June 

19, when by a carelese mistake it was left seven revolutions wrong and a oorreption of - 12.49 
seconds had to be used. 

t ,, 
$0'6 

+ 0.3 
+ 0'2 
+ 1.0 

0.0 

- 0.2 
0.0 

+ 0.2 
+ 0'1 
+Oal 

0.0 

0'0 

0.0 

+ 0.5 
+ 0.6 
+0.3 

- 0.1 
- 0 .  
- 0.3 
+0.2 

0.0 

090 

- 0.1 

were 

1862. 

June 13 

16 

19 

21 

24 

21 

30 

July 3 

4 

8 

12 ' 

15 

16 

18 

19 

22 

23 

24 

25 

26 

28 

July 29 

30 

31 

Aug. 1 

2 
1 

The 

1 

S 

- 0.40 
- 0.38. 
- 0.41 
- 0.36 
- 0.23 

. - 0'25 
- 0'38 
- 0.35 
- 0.34 
- 0.39 
- 0.35 
- 0.33 
- 0.36 

. - 0.40 
- 0'39 
- 0.33 
- 0.22 
- 0.18 
- 0.20 
- 0.28 
- 0'66 
- 0.53 
- 0.63 
- 0.63 

- 0.12 
- 0.10 

removed on June 

I, 

- 46 
- 4.1 

- 3'6 
- 45 
.................. 
.................. 
.................. 

f 0.3 

+ 0.3 
f 0.1 

- 1'1 
+ 3.5 
+3'9 

f 4'1 

+3.8 

f2.6 

+ 2.F 

+ 2.7 

+ 8.0 
f2.4 

+24 

+ 2'5 
+ 3 7  

+2.4 

+ 2.2 
+ 24 

microscopes 

S 

+ell 

+ 0'03 
- 0.05 
+ 0'19 
+ 0'21 
+ 0'18 
+ 0'13 
+ 0.11 
+ 0'13 
+ 0.07 
+ 0.01 
+ 0'04 
+DO5 

+-0.04 

$0'03 

0.00 

- 0'02 
$0.04 

+ 0'09 
$0.06 

+ 0.08 
$0'12 

+ 0.12 
+ 0'12 
+ 0'05 
+ 0'03 

few days, 

S 

- 0.06 
- 0.06 
- 0'05 
- 0'06 
- 0.05 
- 0'05 
- 0'05 
$0.02 

+ 0.02 
+ 0'02 
- 0'05 
- 0.03 
- 0.03 
- 0.02 
- 0'02 
- 0.02 
- 0'03 
- 0.01 
- 001 
- 0.01 
- 0.07 
- 0'07 
- 0.07 
- 007 
- 0.07 
- 0.07 

23, for a 

111 R. P. L., B Ura. Min. and 8 
Scorpii. 

3 Urs. Nin. and B L i b r ~ .  

111 R. P. L and a Serpentis. 

e Urs. Min. and 0 Ophinchi. 

if Urs. Min. and B1 Scorpii. 

6 Urs. Min. andpcaprioorni. 

e Urs. Min. and B1 Scorpii. 

Urs. Min and B1 Scorpii. 

E Urs. Uin. and B1 Scorpii. 

E Urs. Min. and B1 Scorpii. 

6 Urs. Nin. and B1 Scorpii. 

131 R. P. L. and 6 Aquile. 

6 Urs. Min. and e2 Capricorni. 

6 Urs. Min. and a Ophinchi. 

during the fastening of a conical stone 'ing 
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Instrumental Comectiolzs adopted in 1862. 

Cilock Inclina- Meridian. Date. 1 Index. 1 1 1 I Determining Stwa. 

1662. 

Aug. 5 

9 

12 

13 

14 

16 

18 

20 

21 

22 

23 

25 

26 

27 

28 

Sep. 1 

3 

5 

6 

8 

9 

10 

11 

412 

13 

15 

1s 

--__ 
Tho 

Tho Inclination correotion was determinod, nsnally about noon, on August 11, 16, 25, 29, Soptembor 
1, 2, 4, 8, 16. 

The night Asconsion micromator was sot to tho corrected reading for no collimation oxoept on 
Septembor 1 whon iC was slightly misplaced, lcavinq a corr~otion of + 0.02 second, and also 
on September 3 and 5, when tho roquired oo~~ootion was + 0.01 second. 

I? 

I1 

+ 1.9 
+ 2.2 
+ 3.5 
+ 3.7 
+ 2.3 
+ 3'3 
+ 3.2 
+&Z 

+ 3-24 
+ 3'1 
+ 3.2 
+ 2.7 
+ 2.7 
+ 2.8 
f 0.5 

- 0.0 
$0.8 

+ 0.r { + 

+0.7 

+ 1'5 
+ 1.8 
+ 1.1 
+0.7 

+ 0.2 
+0.9 

+ 0'9 
+oSr 

two brass 
rcpdr of n, broken ecrcw on August 28. 

I, 

+ 0.2 
+ 0.1 
0.0 

- 0.3 
- 0.3 
+ 0.1 
0.0 

0.0 

- 0.2 
- 0.5 
- 0.5 
- 0.5 
- 0.1 
- 0.3 

+ 0.4 
0.0 

- 0.1 
0.0 

+ 0'1 
+OS2 

+ 0.2 
+ 0.1 
+ 0.2 
+0.l 

f 0.1 

+0.1 

0.0 

arcs which 

A Urs. Min. and ha Sagittarii. 

6 Urs. Min. and Altair. 

6 Urs. Min. and P Aquilm. 

131 R. l'. L. and 8 Aquilm. 

150 R. P. L. and 3 Aquila. 

y Aquilce and 51 Cephei. 

160 and '12 It. P. L. 

12 and 89 R. P. L. 

---- - -- -- " .  - -  - -.. . _ 
romovod for nooossary alterations and 

S 

+ 0'03 
+ 0.03 
+ 0'03 
+ 0.03 
+ 009 
+ 0.09 
+ 0.09 
+ 0.09 
+ 0.08 
+ 0.17 
+ 0.16 
+ 0.13 
+ 0'12 
+ 0.10 
+ 0'00 
f 0.03 

000 

- 0.03 
+ 0.02 
+0.02 

$0.02 

+ 0.01 
+ 0.01 
+ 0.01 
+ 0.01 
+- 0.01 
+ 0.01 

and U wore 

s 

- 0.07 
- 0.15 
- 0'07 
- 0'02 
- 0.10 
- 0.26 
- 0.33 
- 0.58 
- 0.42 
- 0'28 
- 0'28 
- 0.32 
- 0.39 
- 0'35 
- 0.27 
- 0.33 
- 03G 
- 0'19 
- 0.17 
- 0.30 
- 0.21 

- 0.24 
- 0.38 
- 0.39 
- 0 .  

- 0.32 
- 0.35 

----._l--.------ 
support 

S 

- 0.05 
- 0.05 
- 0.12 
- 0'12 
- 0.12 
+ 0.01 
+ 0.01 
+ 0.01 
+ 0'01 
f 0'01 

f 0.01 

- 0'09 
- 0'09 
- 0.09 
- 0.09 
- 0'22 
- 022 
- 0.22 
- 0.26 
- 0.23 
- 0.23 
- 0'23 
- 0.23 
- 0.23 
- 023 
- 021 
- 0.22 
- 

microsonpas B 
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16. 

I 

It waa adjusted on October 4. 
The Right Ascension micrometer was set t o  the corrected reading for no collimation before begin- 

ning to  observe. 

Irtst~zcmental Corrections adopied in 1862. 
--- -. - .- . ..- -. , 

..be. 1 Index. ( p: 1 72;-  I Meridian. Determining .tars. 

151 R. F. L, and 12 Ceti 

150 R. P L. and B Aquarii. 

150,158 R. P. L., and p Capricorni 

150 and 72 R. P. L. 

150 R. P. L, and r Pisciun~. 

150 and 70 R. P. L. 

150 B. P. L. and 5 Pegasi. 

150 and 72 R.P. L. 

150 R.P. L. and a Aqunrii. 

150 and 72 R. P. L. 

150 and 72 R. P. L. 

Polaris and 8 Sculptoris. 
-- - ---- - 

on October 3. 
The Inclination correction mas determined, usually about noon, on September24 26, October 8, 11, 

s 

$0.03 

+ 0.02 
+ 0.02 
$0.02 

$ 0.02 

+ 0.02 
+ 0.03 
$0.03 

+ 0.03 
+ 0'0i 
+ 0.03 
+ 0.M 

+ 0.03 
+ 0.03 
- 0.01 
+ 0.03 
+ 0.03 
+ ~ 3  

+ 0.03 
- 0.03 
- 0.03 
- 0.01 
$0.01 

- 0.05 
- 0.06 
- 0.07 
- 0.08 
- 0.09 

the observations 

- 
1862. 

Ssp. 17 

18 

20 

22 

23 

1 24 

/ 26 

1 27 

I 29 

I 30 

i 

I: Oct. 1 

2 

3 

i 4 

I 6 

7 

1 8 

i s 
1 10 

1 11 

1 13 
1 
I 14 
\ 
/ 15 
I 
i 36 

! 17 
I 

I 18 

20 

( 2 
! 

The 

I ,  

+@6 

0.0 

0.0 

+ 1.8 
+ 1.7 
7 

+ s.8 

f2.3 

+ 2.5 
+ 2.9 

+ 0.8 
+ 1.2 
+ 1.6 
+ 1.1 
+ 0.5 
+0.8 

+@8 

+0.6 

+ 2.2 
+ 1.6 
+1.5 

+ 1.7 
+l .S  

+1'6 

+ 2.0 
+ 1.2 
4-1.7 

+lU2 

Clock rate 

S 

- 0'23 
- 0.12 
- 0'32 
- 0.01 
+ 0'02 
- 026 
- 0-73 
- 0.79 
- 077 
- 0.S1 

- 0.60 
- 0-76 
- 0.76 
+ 0.27 
+ 014 
+ 022 
+ 020 
+we 
+ 0.24 
+ M 7  

+ 0.17 
+ 0 20 
+ 0.26 
+- 0.17 
+ 0.12 
+ 0'13 
+ 0.17 
+ 0.17 

by 1 

n 

+03 

+ 0.2 
+02 

+0.2 

0.0 

+ 0'3 
+0.1 

- 0.3 
- 0.3 
f 0.8 

f 0'2 

+ 0'3 
- 0:2 
0.0 

f 0'5 

- 0.4 
0.0 

-0-2 

- 0.3 
+ 0.1 
f 01 

- 0'1 
+ 0.1 
0.0 

+04 

+0'3 

+03 

0.0 

was diminished 

S 

- 0.22 
- 0.22 
- 022 
- 0.31 
- 0.22 
- 0.22 
- 0.26 
- 0.26 
- i)26 
- 0.26 

- 0.31 
- 0'31 
- 0'31 
- 0'31 
- 0.31 
- 0.31 
- 0.27 
-0.27 

- 0.27 
+ 0.11 
$0.11 

+ 0.11 
+ 0.11 
+ 0.10 
+ 0.10 
+ 0.10 
$0'10 

$0.10 

second after 



INSTRUMENTAX OORREOTIONS. xxiii 

Inskumental Comections adopted in 1862. 
- - - - - - - -- - - 

Cloak Inclina- Moridiap I Index 1 R e  1 tion I I Determining Stars. 

TL Bight Asoonsionmiorometer wad set to the oorrectodroadiag for no oollimatidn before beginning 
to observe. 

,I 

- 0.1 

- 0'1 

+ O S l  

+0'2 

+0'2 

..-... ... 
+ 0.4 

+ 0'6 

$0.5 

+ 0'1 

$0.1 

$ 0 6  

- 0.2 

0.0 

+ 0.5 

4- 0.5 

$0.4 

- 0'3 

- 0'3 

- 0.3 

- 0'3 

- 0'3 

- 0.1 

- 0'4 

- 0'4 

- 0.3 

- 0.3 

- 0.2 

oorrootion 
3. 

1868. 

Oct. 23 

24 

25 

27 

2s 

29 

31 

Nov. 1 

3 

4 

5 

6 

7 

8 

11 

1% 

13 

14 

15 

20 

22 

24 

25 

26 

28 

29 

Dee. 1 

2 

The 

S 

+ 0'11 

- 0'01 

- 035 

- 0.19 

- 0.01 

$001 

+ 0'05 

$0'06 

+ 0'08 
+@02 

+ 0'07 

$0'00 

- 1 

- 0.03 

-4-0'03 

$0'03 

- 0'01 

- 0'04 
- 0'28 

- 0.24 

- 0'12 

- 0'18 

- 0.18 

- 0'18 

- 0.08 

- 0.10 

- 0.1'7 

--- -- - 

was determines, 

11 

+ 1.1 

+ 1.0 

+ 0.3 

+08 

- 0.5 

...... ... 
+2*1 

+ 3.1 

+3.3 

+ 3.2 

+ 3.0 

+?,.I 

+ 2.4 

+1'7 

+ 0'6 

+ 1'4 

+ 1.9 

+ 1'3 

0'0 

$. 1.3 

+ 3'1 

+ & 5  

+ 3.7 

+ 3.1 

+ 4.4 

+ 46 
+2-1 

+ 2.2 

Inclination 
and Dcoember 

S 

+ 0'13 

+ 0'13 

+ 0'13 

+ 0'13 

+ 0'13 

3.0'13 

+ 0'13 

f 0.09 

+0.09 

+ 0'09 

+ 0'09 

+ 0'09 

+ 0.00 

+ 009 

+ 0'09 

+ 0'00 

+ 0'OG 

+ 0'06 

+ 0.06 

+ 0'13 

+ 0'13 

+ 0.13 

+ 0'13 

+ 0'13 

+ 0'14 

+ 0.141 

+ 0.17 

+ O'i?  
.---.. --- 

nsually 

S 

- 0'07 

- 0'07 

- 0'06 

- 0'05 

- 0.06 

- 0.02 

+ 004 

+ 0.09 

+ 0.11 

+ 0'14 
4-0'12 

+ 0.1'7 
+007 

.oe + 0 . a  

$0.21 

+ 0.12 

$0'16 

4- 0'09 

- 0.01 

+ 0.09 

+ 0.11 
+ 0'12 

+ 0.13 

$ 0'13 

4- 0.13 

+ 0.14 

f 0'18 

+ 0.30 

----- 
about noon, 

Polaris and 6 Sculptoris. 

158and 79 R. P. L. 

26 R. P. L. and ,5 Ceti. 

w Piscium and 72 R. P. L. 

153 and 72 R. I?. L. 

153 and 93 R. P. L. 

153 and '72 R. P. L. 

153 and 72 R. P. L. 

26 and 89 R. P. L. 

26 and 103 R. P. L 

153 and '72 R. I?. L. 

150 and y Piscium. 

150 md72 R. P. L. 

Polaris m d  B Aqaarii. 

26 and 08 R. 1'. L. 

Polaris and p Ceti. 

Polaris and y Ceti. 

12 R. I?. L, and 0 Ceti. 

35 and 89 R. P. 1;. 

33 and 114 R. P. L. 

_____I_____Y 

on October 23, November 1,l4 l7,29 



xxiv INTRODUCTION. 

InstrzvnzmtaE Cor~ectiona adopted irt 1862. 

Date. 1 Index. g~: I e r a .  1 .eter--ng 8'~. 

The Inclination oorrection was determined about noon on December 15, 16, 30 in 1862 and also on 
Jan- 15,1863. 

The Right Ascension micrometer was set to the correoted reading for no oollimation before beginning 
to observe. 

1 
. 

6 

+ 017 
+ 0.17 
+ 0.17 
+017 

f 0.17 

+ 017 
+ 0.17 
+ 0.17 
+ 0'12 
f 0.12 

+ 0.12 
+ 004 

6 

+ 0'11 
+ 0'18 
+ 0'14 
+ 0.16 
+ 0.20 
+ 0.21 
+ 0.15 
+ 0'18 
+ 0.18 
+ 0.19 
+ 0.20 
+ 0.22 

Date. Index. I 2:;: ;" '2::; 1 Neridian. 1 Determining Stms. 

-- 

Polaris and v Piscinm 

a Arietis asd E Urs Min. 

10 R. P. L. and B Ceti. 

&OR. P. L. and 6 Urs. Min. 

43 R. P. L. and ~Ure .  Min. 

26R. P. L. and y Ceti. 

Polaris and a kietis. 

33 R. P. L, and 67 Ceti. 

33 R. P. L, and 67 Ceti. 

8 

- 0.1'7 
- 0.23 
- 0.28 
-0.33 

- 0.39 
- 0.34 
- 0.24 
- 0.25 
- 0.37 
- 0.31 
- 0 30 
- 0.37 

,I 

+ 0.4 

$0.3 

$0.3 

$0.2 

+ 0.2 
$0.4 

+ 0.4 

+ 0.1 
.................. 
................. 
.................. 
.................. 

1862. 

D ~ ~ .  3 

4 

5 

6 

8 

9 

10 

11 

20 

25 

29 

31 
I 

43 R. P. L. and y1 Eridani 

Procyon and 6 Urs. Min. 

33 R. P. L. and y1 Eridani. 

33 R.P. L. and 6Ure. Min. 

33 R. P. L. and6iTm.Win. 

35 R. P. L, and 6 Orionis. 

34 B. P. L. and 01 Eridani. 

I, 

+ 1.8 
+ 1.9 
$1.1 

+ 0.8 
- 0.1 
- 0.1 
+ 0.2 
+ 0.6 

1863. 

Jan. 3 

5 

6 

7 

8 

9 

10 

12 

14 

15 

I 

.................. 
f 2.5 

+0.8 

$0.4 

$1-1 

+ 1.1 
+ 1.0 

- 1.3 
- 1.5 

8 

f0.18 

+ 0.15 
+ 0-13 
$0'08 

+@I6 

+ 0'16 
+ O'11 
+ 0'10 
$0.08 

+ 031 

I 

0.0 

+ 0.2 
$0'1 

$0.2 

-- 0'4 
- 0'4 

.................. 
$0'3 

+ 0'3 

s 

-0'32 

- 0.30 
- 0.23 
- 0'27 
-0.35 

-0.60 

- 0.76 
- 017 
-0.34 

- 0.38 

S 

+0.14 

f 0'14 

+ 014 
+ 0'14 
$0'14 

f0.14 

-+ 0.14 
f 014 

f01G 

+ 0'16 



INSTRUMENTAL CORRECTIONS . XXV 

Instrumental Correctiolzs adopted i n  1863. 
-- --- 

Date. Clock Inclina- Meridian. 1 h l e x  1 % 1 1 tio. I .ekemining s ~ ~ .  
- 

1863. 

jm. 16 

17  

19 

20 

21 

22 

23 

24 

29 

80 

leb. 2 

3 

4 

5 

6 

9 

10 

11 

12 

13 

1.4 

16 

17 

18 

19 

21 
-- - 

The 
The Right Asoeneion micrometer was set to the correctedreading for no collimation, exoept on January 

16, when the observer during the second part of the night slightly misplaced it, leaving a, oorrec. 
tion of + 0'01 seoond. 

Q. 

6 

+ 0.15 

+ 0.15 

+ 0.15 

4 0.15 

+ 0.16 

+ 0.16 

+ 0.17 

+ 0.19 

+ 0.19 

4- 0'20 

+ 0.22 

+ 0.22 

+ 0.22 

+0.22 

+ 0.22 

+ 0.22 

+0.22 

+ 0.22 

4-0.23 

+@23 

f- 0'23 

+ 0'24 

+ 0.24 

+ 0'24 

+ 0'24 

$. 0.25 

between 

I 

{ 
- 1.1 

- 1.2 

- 1.2 

- 2.1 

- 2'1 

0.0 

+@6 

+ 2.0 

+ 2.0 

+ 2.5 

+ 2-0 

+ 2.3 

+la4 

+ 1-2 

+ 1.8 

+I.-8 

4-0.7 

+ 1.0 

+ 1.4 

$ 1.0 

-+ 1.1 
+ 0.5 

+ 0.3 
... ... ... 
$0.5 

Inclination 

S 

+ 0.24 

+0.21 

$. 0.15 

+ 0.14 

+ 0.10 

+ 0.0? 

+0.06 

+ 0.06 

+ 0.06 

+ 0.04 

- 002 

+ 0.05 

+ 0.10 

+ 0.04 

+ 0.13 

f0.05 

+O.M 

+ 0.03 

+ 0.02 

0.00 

0.00 

- 0.01 

- 0.01 

- 0'01 

- 0.01 

- 0'01 

noon and 3 

--- 

33 R. P. L. and Rigel. 

51 Cephei and 6 Urs. Yin. 

51 Cephei and 8 Urs. Min. 

51 Cephei and a Colnmbae. 

51 Cephei and 131 R. P. L. 

51  Cephei and Rigel. 

7 o m d  150 R. P. L. 

51 Cephei and 6 Urs. Min. 

Pollus and A Urs. Min. 

71 R. P. L. and c Hydrm. 

e Laonis and 150 R. P. L. 

51 Cephei and 6 Urs. Min. 

61 Cephsi and I Urs. Min. 

Castor and 6 Urs. Min. 

51 Cephei and 6 Urs. Min. I 

---- ---.----_ _ I.__ __ - * - -  ----- ._. 
P.M., on January 16,31 February 2,5,13, 

,, 

+ 0.1 
{ - 

+ 0.4 

+ 0.3 
+ 0.2 

+ 0.2 

0.0 

f0.1 

0.0 

+ 0.1 

+ 0.3 

+ 0.4 
[ 0.3 ) 
f 0.1 

+ 0.2 

+ 0.1 

b 0  

+0.1 

0.0 

0'0 

0.0 

0.0 

+ 0'3 

+ 0'3 

+ 0.3 

f 0.1 

......... 
+ 0.1 

correction 

S 

- 0.45 

- 0.40 

- 0.21 

- 0.22 

- 0.18 

- 0.20 

- 0.30 

- 0.31 

- 0.24 

- 0'24 

- 0.46 

- 0.42 

- 0.32 

- 0.27 

- 0.23 

- 008 

- 0.11 

- 0.15 

- 0.09 

- 0.08 

- 0 1  

- 0'14 

- 0.11 

- 0.23 

- 0.31 

- 0.33 

was determined, 



xxvi INTRODUCTION. 

I 

i 
I 
1 I 

i 

Instrumental Col~ections adopted in 1863. 

The Inclination correction was determined, betweennoon and 5 P.M., on February 23, March 2,4,12, 20 
The Right Ascension micrometer was set to the correoted reading for no collimation before beginning 

to observe. 

I 
-- ~ - -- ------ - -. . - - . . - - - -- I 

h t e .  ( 1nd.x. ) e.E 1 1 ~ e r i d i a n .  ~etermining %are. 

13 

14 

15 

16 

17 

18 

19 

20 

23 

24 

- - --- 
I 1863. 

1 ~ ~ b .  23 

i 24 

1 25 
I 

26 
I 

/ 27 

I 28 

I 

--. 

s 

- 0.01 
0.00 

f 0.02 

+ 0.03 
$0.05 

$0'02 

- 0'03 

0.00 

0.00 

- 0.04 
- 0.05 
- 0.06 
- 0'04 
- 0.09 
- 0 1  

- 0.11 
- 0'11 
- 0.11 
- 0'10 
- 0'09 
- 1 
-0.11 

- 0'13 
- 0'13 
- 0.13 
- 0'14 
- 0.16 

14th. 

---A 

,I 

- 0.6 
- P5 
- 1-2 
- 11 
- 1.2 
- 13 

-- 
I ,  

+ 0.1 
0.0 

+ 0'1 
+ 0.1 
+ 0.2 
$ 0'2 

--.- 

51 Cephei and v Orionis. 

Pollux and h Urs. Min. 

60 R. P. L. and A Urs. Min. 

51 Cephei and 8 Urs. Min. 

70 R. P. L. and h Urs. Min. 

Procyon and h Ure. Min. 

60 R. P. L. and A Urs. Min. 

70 R. P. L. and Spica. 

60 and 150 R. P. L. 

72 and 131 R. P. L. 

60 R. P. L. and a Hydra 

60 and 150 R. P. L. 

89 and 158 R. P. L. 

89 and 158 R. P. L. 

89 and158 B. P. L. 

.- 
Stopped i t  and adjaeted the pendulum. 

IMW 2 
1 
I 3 

I 4 

5 

1 6 

I 7 

9 

1 11 
12 

- 0.8 
- 0.7 
.... .. ... 
- 0'3 
- 0% 

0.0 

- 0 1  

- 0.8 
- 0.8 
- 10 

- -- 
S 

- 0.39 
- 0.36 
- 0n35 
- 0.31 
- 0.17 
- 0.15 

- 0'32 
+ 0'30 
+ 0'30 
+ 0'09 
- 0'05 
+@06 

-0.21 

- 037 
+0.03 

+ 0.05 

+ 0.1 
- 0.3 
...... ... 
+ 0'3 
0.0 

- 0.3 
-0-1 

0.0 

+O% 

f 0'2 

25 I - 1.1 
1 26 - 1.0 

s 

+ 0.25 
+0.24 

+ 0.24 
+0'23 

+ 0.23 
+ 0'22 

+ 0.32 
+ 0.32 
+ 0'27 
+@32 

f 0'32 

+@32 

+Oa32 

+ 0.33 
+033 

+ 0'33 
- 002 
- 009 

seconds in 

+ 0'2 
+0.2 

+ 093 
+0.33 

winding on March The Olook tripped two 

{$ii[ - 0.22 

- 018 
- 0'24 
- 0.22 
- 0'21 
- 0.36 
- 0.36 
- 0.18 
- 032 

- 05 
- 1'0 
- 0.7 
- 1'3 
- 1.3 
- 1.0 
- 0.4 
- 06 

+ 0.21 

+ Or22 
+ 022 
+ 0.23 
+ 0.24 
+ 026 
+ 0.28 
+ 0.31 
f 0.32 

+ 0.1 
- 0'3 

f 0.4 

f 0'3 

+ 0-2 
+OS3 

+Oa2 

+ 0.1 



INSTRUMENTAL CORRECTIONS. xxvii 

Imstwmmtal Cowections adopted i r y  1863, 

The eyo-end of the telescope was removed on April 7, to have the polar dietance micrometer repaired 
by Mr. B. Doderet. The oollimators and the inolimtion correotion were ad'osted. 

The Inclination oorreotion was determined, between 2 and 7 P.M., on ~ a r c i  81, April 1, 7, 10, 15. 

-- - -. - -- - - - - - - 
Clock Inclim- Neridian. Dake I Index. ( 1 1 I &tmmining St-. 

. -  . . , ,  
16 and Nay 1. 

The Right Beoeasion micrometer w&0 eet to the oorreoted reading for no oollimJion before begtoning 
to observe. 

89 and 158 R. P. L. 

89 and 158 R. P. L. 

5 Virginiamd Polarin. 

70 R. P. L. and Polaris. 

70 R. P. L. and Polaris. 

70 R. P. L. and Polmis. 

70 R. P. L. and Polaria. 

1 Loonis and Polari~. 

89 and 159 E. P. L. 

89 R. P. L. and 8 Crateria. 

Regulna and Polaris. 

72 and 150 B. P. L. 

89 md 168 R. P. II. 

- ----- 
1863. 

Mar. 97 

28 

30 

31 

Apl. 1 

4 

6 

8 

9 

10 

11 

13 

14 

15 

16 

17 

18 

23 

27 

28 

29 

30 

May 1 

2 

4 

1, 

- 1.6 

- 1.0 

- 1'0 

- 0.5 

{ - E:: ] - 0.3 

................. 

.................. 
- 1.2 

- 1 

- 2.1 

- 1.7 

- 1.0 

- 1.0 

- 1.7 

- 1.2 

- 1.3 

- 1 3  

- 0.4 

+ 0.8 

+ 0.4 ( + 2.2 ] 
+ 0.1 

$ 0.6 

{ 7 :  ] 

{ : } 
0.0 

I ,  

+0.3 

+0.3 

+0.2 

+0'2 

+ 0.3 

{ + 0.5 1 + 0'3 

- 0.1 

$0.1 

+ 0.3 

+ 0.4 

- 0.2 

- 0.3 

- 0.2 

+ 0'3 

- 0.2 

+Oa3 

+O*3 

- 0'6 

{ +: 1 
- 0.6 

- 0.6 

{ : } 

{ : ] 
+ 0.4 

s 

f 0'32 

f 0'32 

+0'32 

+ 0'32 

+ 0.33 

+ 0'33 

+ 033 

- 0'04 

- 0.01 

f- 0.02 

+ 0'02 

+ 0.02 

+ 0'02 

+ 0.03 

f 0.04 

+ 0.04 

+DO5 

+ 0.06 

f 0.07 

+ 0.07 

+ 0'07 

+ 0.08 

+ W 

+ 0.08 

+ 0.07 

S 

- 0.10 

- 0'13 

- 0'20 

- 0.12 

- 0.07 

0.00 

- 0 0 1  

- 0.07 

- 0.12 

- 1 1  

- 0.07 

- 0.17 

- 0.14 

- 0.22 

- 0'29 

- 0.16 

- 0'14 

- 0'30 

- 0.251 

- 005 

- 0'01 

- 0.17 

- 017  

- 0.13 

- 0'44 

8 

- 0.15 

- 0'14 

- 0.14 

- 0.13 

- 0.14 

- 0'18 

- 0.19 

- 0'21 

- 0.19 

- 0 

- 0'18 

- 0'19 

- 0'17 

- 0.15 

- 0'15 

- 0.16 

- 015 

- 0.12 

- 0.08 

- 006 

- 0.08 

- 1 1  

- OgM 

- 0.16 

/ - 0.141 



xxviii INTRODUCTION. 

I?tstmme.ntal Corrections adopted i,n 1863. 

The microscope~ were adjusted on May 16. 
The Inclination correction was determined, between 2 and 4 p.m., on May 16,18 and June 1. 
The Right dsoension micrometer was set to the corrected reading for no collimation before beginning. 

to obeerve. 

I 

/ 
1 
i 
I 
j 
1 
I 

I i 
i 
i 

I 
! 
I 

i ' 
I 
I 
i 
/ 
! 

--- - -- 

Date. I Index. I 1 Clock . 1 Inclina- .on 1 Meridian, 1 Determining Stars. 

1863. 

&Iq 5 

--i - - - - - 

S 

+ 0.07 
I ,  

+ 0.6 
s 

- 0'13 

6 

8 

11 

12 

15 

16 

18 

19 

20 

21 

22 

23 

26 

27 

2% 

29 

30 

June 1 

2 ' 3 I 
4 

I 5 

9 

10 

r 
I, 

+ 0.4 
S 

- 0'35 
89 a. P. L. and 8 Drateris. 

111 R. P. L, and Polaris. 

3 Virginis and Polaris. 

108 R. P. L. and Polaris. 

99 R. P. L. and Polaris 

e Bootis and 35 R. P. L. 

B and 3 Urs. Min. and B1 Scoryii. 

99 R. P. L. and d Domi. 

p Bootis and Polaris. 

E U ~ R .  Min. and p Capdcorni. 

E Urs. Min. and Polaris, 10 R. P. L. 

99 R P. L. and Polaris. 

4-0'07 

+ 0.07 
+007 

-I- 0.06 

f 0.06 

+ 0'06 
+ 0.05 
+0.04 

+ 0.03 
+0.03 

+ 0.04 
+ 0'04 
$0'05 

$0.05 

$0.06 

$0'07 

$0.0'7 

$0.08 

+ 0.08 

+ 0.09 
1- 0.09 

+0.09 

-k 0'09 

$0'08 

+ 0.08 
+ 0.08 

- 0.1 
- 0.1 
+ 0.4 
- 0.4 
+ 0.6 
+ 1.2 
0.0 

+ 3.4 
+ 4.0 
+ 3.5 
+ 3.0 
+ 2.9 
$2.9 

+ 3'2 
$2'9 

+ 8.8 
+ 2.2 
+ 2.5 
+ 2.6 

+ 2.0 
+ 2.4 
+ 2.4 

+ 1.5 
+ 1.9 
+ 2.5 
+ 1.6 

- 0.12 
- 0.14 
- 0.15 
- 0'17 
- 0.18 
- 0.18 
- 0.20 
- 0.20 
- 0.21 
- 0.21 
- 0'20 
- 0.19 
- 0.18 
- 0.16 
- 0.13 
- 0'12 
- 0.12 
- 0.16 
- 0.19 

- 006 
- 0'06 
- 0.11 
- 0'19 
- 0.14 
- 0.06 
- 0'06 

+ 0.2 
- 0.1 
0'0 

0.0 

- 0.1 
0.0 

- 0.3 
+ 0.2 
+ 0.2 
+ 0.2 
+ 0.2 
+ 0.2 
+ 0.2 
+ 0.2 
+ 0.2 
+ (1.2 
+ 0.2 
+ 0.2 
$0.2 

+ 0.2 
+ 0.2 
+ 0.2 

+ 0'2 
f 0.2 

+ 72 
+ 0.2 

- 0.17 
- 0.27 
- 0.21 
- 0'14 
- 0.18 
- 0.21 
- 0.13 
- 0'16 
- 0.29 
- 0.47 

- 0.44 
- 0.87 
- 0.34 
- 0.29 
- 0'14 
- 0.20 
- 0.28 
- 0.32 
- 0.31 

- 0.18 
- 0.18 
- 0.16 
- 0.15 
- 0.22 
$0.11 

+ 0.13 



INSTRUMENTAL CORRBCTIONS. X X ~ X  

I~strumental Corrections adopted i n  1863. 

The Inclination correction was determined, botween 2 and 4 P.M., on Jnno 16, July 1,16, August 
1, 10, 17, 22. 

Tho Right Ascension micrometer was sot to the correoted rending for no oollimation before beginning 
to observe. 

II 

Clock Inclina- Date. / Index. 2 I Bate 1 tion I Neridian. 1 Determining Stam. 

1863. 

June 11 

18 

20 

23 

26 

27 

29 

30 

July 1 

2 

3 

10 

11 

13 

14 

16 

18 

20 

23 

28 

20 

31 

Aug. 3 

7 

12 

15 

18 
I 

22 

8 

- 0.06 
- 0'09 
- 0'10 
- 0.11 
- 0.13 
- 0.13 
- 0'03 
- 0.05 
- 0.05 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

+ 0.01 
+PO1 

+ 0.01 
0.00 

- 0.02 
- 0.03 
- 0.03 

- 0.04 
- 0.05 
- 0-06 
- PO5 
--0.04 

-PI0 

I ,  I 

+ 1.6 
+ 2'0 
+ 1'2 
+ 1'3 
+ 1.2 
+ 0'6 
+ 1'8 
+ 1'3 

+ 0.5 

+Oe4 

+ 0.1 
+O.S 

+ 1.0 
+ 1'2 
$0 '9  

+ 2.6 
+ 2.8 
+ 3'1 
+ 3.8 
+ 2.5 

+ 2'8 
4-27 

+ 2.0 
+ 1.0 
+ 1.7 
+ 1.9 
+ 2.3 
+ 2.9 

8 

+ 0.04 
- 0.12 
- 0.12 
- 0'06 
- 0.11 
- 0'19 
- 0.27 
- 0.06 

- 0.02 
- 0'09 
- 0.04 
- 0'08 
- 0.06 
+ 0.07 
+0.07 

$0.17 

$0.09 

- 0.16 
- 0.11 
- 0.11 
- 0.10 
- 0.05 
+ 0.04 
- 0.08 
- 0.19 
- 0.11 
- 0.05 
- 0.02 

3 Urs. Min and Polaris. 

s Urs. Mia. and B Libm. 

8 Urs. Min. and 51 Cephei. 

116 R. P. L., e Urs. Min. and K Ophinchi 

6 Urs. Min. and as Capricorni. 

131 It. P. L. and as Librm. 

r, 8 Urs. Min. and 0 OphiuoJ& 

r Urs. Min. and a Pavonis. 

6 Ur8. Bin. and 72 R. P. L. 

131 It. P. L. and pl Sagittarii. 

160 a d  72 R. P. L. 

8 Ura. Min. and hS Sagittarii. 
- 

N 

+ 0.2 
+ 0.2 
+ 0.2 

+ 0.2 
+0.2 

+ 0.2 
+ 0.2 
+ 0.2 

- 0.2 
- 0.2 
- 0.2 
- 0.2 
- 0'2 
- 0.2 
0.0 

0.0 

0.0 

0-0 

0.0 

0.0 

0'0 

0.0 

- 0.2 
- 0.2 
- 0'2 
- 0.2 

f0.4 

+ 0.4 
-- --- 

S 

+ 0'08 
+ 0.07 
+ 0.06 
+0.05 

+O.W 

+ 0'03 
+ 0.03 
f 0.02 

+ 0.02 
+0.03 

+ 0.04 
+0.09 

$0'10 

-j- 0.12 

+0.12 

+ 0.13 
+Pll 

+ 0.09 
+ 0.06 
+0.02 

+ 0-01 
- 0.01 
- 0.041 
- O'O? 
- 0.10 
- 011 
- 0.11 
- 0.05 



XXX INTRODUCTION. 

I 

Instrunzental Co~rect io tzs  adopted iw 1863. ----- - -- - ----+ 

The Right Ascension micrometer mas set to the corrected reading for no collimation, before beginning 
to observe, up to  September 25. 

The Inclination and Collimation and corrections were determined each night, during observing hours, 
by the Assistant on duty, from September 26 ; tho Meridian correction also whenever polar at.ars 
were available. 

1863. 

Aug. 24 

26 

27 

28 

29 

31 

S e p  4 

8 

12 

14 

15 

18 

( 23 ' 25 I 
; 26 ' 18 

I 30 I 

Oct. 1 

I 2 

i 3 
i 

5 

I Ci 
! 

1 'i 

I!  8 

- -  -- 

The 

tion. 
.----. 

S 

- 0.06 

- 0 07 

- 0.08 

- 0.08 

- 0.09 

- 0.10 

- 0.10 

- 0.10 

- 0.11 

-. 0.11 

- 0.11. 
-0.11 

- oall 

- 0 11 

- 0.16 

- 0.13 

- 0.09 

- 0.03 

+ 0.01 

- 0.08 

- 0.06 

- 0.07 

- 0.12 

- 0.11 

between 

I, 

+ 2.5 

+ 2.3 

+ 2'4 

$2.0 

+ 2'4 

+ 2.0 

+ 2.0 
+ 2.2 

t 2 . 1  

+ 1.9 

+ l a g  

+ 2.1 

1 +2.4 

+ 1-6 

+ 1.6 
+ 1.7 

+ 2.1 

+ 1.2 

+1.1 

+ 1.2 

+ 1.0 

f0.6 

+0.8 

+0'5 

---.- 

Inclination 

tlon. Determining Stars. 

S 

, 0'00 

Os0O 

0.00 

0.00 

0.00 

0.00 

0'00 

0 00 

0.00 

0.00 

I 

+ 0.4 

+ 0.4 

+ 0'4 

- 0.2 

+ 0'4 

+ 0'4 

- 0.2 

- 0'2 

- 0.2 

- 0.2 

- 0'2 

0 0  

0.0 

0.0 

0.0 

0.0 

0.0 

- 0.2 

- 0'2 

- 0.2 

- 0.2 
- 0.2 

- 0.2 

- 0 2 

correction 

Rate. 

S 

f 0'03 

+ 0.OG 

f0.09 

- 0 0 1  

- 014  

- 0.10 

- 0.16 

- 0.311 

- 0.38 

- 0'25 

- 0.26 

- 0 2 5  

- 0.14 

- 0.12 

- 0.19 

- 0.29 

- 0'31 

- 0.17 

- 0.13 

- 0.26 

- 0.15 

- 0.09 

- 0.11 

- 0'17 

was determined, 

S 

- 0.03 

- 0.04 

- 0'04 

0'00 

+ 0.03 

+ 0.01 

- 0.04 

- 0.08 

- 0.13 

- 0.03 

6, A Urs. Min., 131 R. P. L. 
and 60 R. P. L 

150 R. P. L., A TJI-8. Min 
ancl p Cspricorni. 

Polaris nlld 89 R. P. L. 

A [Trs Min. anfi B Aquila. 

131 and 60 IL. P. TJ. 

0'00 

0.00 

- 0'03 

0.00 

$0.05 

+ 0'06 

0.00 

- 0.02 

- 0.01 

- 0.03 

- 0.03 

- 0.03 150 R. P. L., 24 Cephei and 

- 0 . 0 3 i  i p Oapricornl. 
--.-- . . . - ~- 

2 and 4 p.m., on August 31, Sep. 16, 24. 

- 0'05 

- 0'05 

- 0.06 

- 0.06 

- 0.06 

- 0.05 

150. 151 R. P. L. and 11 
Aqwrii. 

158 and 89 It. P. L. 

- 0.05 1 
- 0.06 

- 0.01 i 

- 0.04 

- 0.03 

143 and 60 R. 1'. L. 



INSTRUMENTAL CORRECTIONS. xxxi 

Instrwtrzelztal Corvections adopted in 1863. 

' 

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

Clock Inolina- Collima- Date. I I ~ C ~ C X  E::r 1 
,ion 1 Meridian. 1 Determining  tars. , 

I 

! 
1863. 

Oct. 9 

li 10 

1 13 
I ~ 
/ 14 

10 
I 

17 

23 

24 

26 

I , 

,I 

4-1'0 

+ 0.6 

$ 0'4 

+ 1.0 

+4:2 

+ 6 3  

+ 8'0 

+ 8'3 

+ 8'7 

+ 8'1 

+ 8'0 

+ 6.7 

$ G'3 

$ G'O 

+ 6.1 
+ 4,.8 

+ 4 8  

+ 4.1 

+ 6.2 

+ 5.8 

+ 2 8  

+ 2.9 

4- 2.6 

+ 2.8 

+ 2.5 

+ 3.4 

+ 2.6 

+ 3.5 
I +3.0 

- . -- 

67 

28 

29 

30 

31 

1 NOV. 2 

3 
I 

4 

j 

I; 

1 7 

( 1 

i 11 

1 13 

I 4  

18 

20 

21 

23 

24 

- --.- 

l l f . s  

-0.2 

- 0.3 

- 0.2 

- 0.2 

+ 0.2 

+ 0.2 

+ 0.2 

f0.2 

+ 0.2 

+ 0.2 

$0'2 

+ 0 4 

+ 0.3 

$0.2 

- 0.5 

- 0'2 

- 0'2 

- 0.2 

- 0.2 

- 0.2 

- OP 

- 0'2 

- 0'3 

- 0.2 
+ 0.2 

+ 0'4 

+ 0.2 

+ 0'8 

+ O . P  
. 

1 
-0.14 

- 0'08 

$ 0'04 

- 0.12 
- 0'31 

- 0'23 

- 0.26 

- 0'26 

- 031 

- 0.32 

- 0.28 

- 0.49 

- 0.59 

- 0.91 

- 0.28 

- 0'43 

- 0'44 

- 0 50 

- 0.59 
- 1 

- 0.33 

- 0.39 

- 0.30 

- 0.16 

- 0.29 

- 0.41 

- 0.44 

- 0.36 

1 .  -OM - --- --- 

s 

-0.10 

- 0.07 

- 0.01 

- 0.17 

- 0.19 

- 0.23 

- 0.31 

- 0.25 

- 0.23 

- 0.18 

- 0.16 

- 0.12 

- 0.19 

- 0.16 

- 0.12 

- 0.20 

- 0.11 
- 0.17 

- 0.15 

- 0.12 

- 0.19 

- 0.18 

- 0.13 

- 0.20 

- 0.17 

- 0.23 

- 0.18 

- 0.24 

- 0.20 

160 and 70 R. P. L. 

150 R. P. L. and Fomal- 
haut. 

158 end 99 R. P. L. 

150 and 69 R. P. L. 

Polsr i~ and B Sculptoris. 

Polaris and 108 R. P. L. 

s 

-0.02 

- 0.02 

0.00 

- 0'06 

- 0.05 

- 0'06 

- 0.05 

- 0'02 

- 0'01 

- 0.01 

K--- 
0.00 

0.02 

0.00 

0.00 

0.00 

+ 0'03 

+ 0.16 

+ e l 6  

+ 0.16 

+ 0.16 

- 0.02 

- 001  

+ 0'01 

- 0.02 

+ o m  
- 0.02 

+@04 

- 0'01 

+ 0.04 

+ 0.05 

- 0.02 

- 0'06 

- 0.01 

- 0.06 

- 0.03 

- 0.10 

- 0.03 

- 0'05 

1 - 0.03 

I 
+ 0'16 I + 0.15 

$ 0.15 

+ 0.14 

+o..m 

+ 0.27 

+ 0.33 

+ 0.23 

+ 0.21 

155 and 89 R. P. L. 

150 ~11a 72 R. P. L. 

150 sud 89 R.P. L. 

r l'i..icinm and 92 R. P. L. 

+ 0.20 1 
+0'1? 1% a1.d 108 a. p. L. I 
+ 0'14 / 
+ 0.11 
+ 0.10 

+ 0.03 

' 

26 a11d 89 R. P. L. 

Polaris und Achornar. 

+0.0& 
I 

+ 0.05 1 35 slla 116 R. P. L. 

i + 0.12 1 
1 + 0.15 I 
I - -- -- 



xxxii INTRODUCTION. 

I 

-t-0.23 

I?zstrurneata E Corrections adopted ifi 1863. - 
Clock Incline- Collima- Meridian. Determining stsr. Date I Index I 1 %tea 1 t i o .  I tion. 1 1 

table. Buildings resting upon massive foundations like the Observatory axe np-heaved as a block and 
slightly tilted, slowly recovering their ysitions as the rain leaves the sandy soil, by drainage and 
evaporation. Where the foundations are less solid, cracked walls and too frequent oollapses are the 
familiw resnlts of a heavy downpour, as may be noticed after every rainy season in Madras. 

heavy rain, instances of which may be seen after October 14th and November 30th in the preceding 

8 

- 0.03 

- 0.01 

0.00 

+ 0.01 

- 0'06 

- 0'02 

+ 0.01 

-0.04 

+ 0'03 

f0.01 

+ 0.01 

+0Q1 

- 0'02 

- 005 

- 006 

-0'06 

- 006 

- 0'02 

- 0'02 

+ 0'02 

- 0.01 

- 0.02 

- 0'01 

- OQ1 

- 0.01 

+ 0'02 

Inclination and 

1863. 

NOT. 25 

26 

27 

28 

30 

Dee. 7 

g 

9 

10 

11 

12 

14 

15 

16 

17 

18 

19 

21 

22 

23 

I 24 
I 

/ 25 

26 

29 

30 

31 

Sudden 

,I 

+ 2'1 

$2'0 

+ 1.6 

+ I.6 

+ 1'4 

+ 6'0 

4 6.2 

$6'1 

+ 5 0 

+ 5.1 

f3.8 

+ k g  

$3-5 

+ 3.2 

+ 4.9 

+3.5 

$2.9 

+3.2 

+2.8 

$2.6 

+2.9 

+2.6 

+2.8 

+2.7 

+leg 

$0.9 

and considerable 

S 

- 0.17 

- 0 19 

- 0.22 

- 0.20 

- 0.27 

- 0.06 

- 0.05 

-0.11 

- 015 

- 0'18 

- 0'22 

- 0.19 

- 0.23 

- 0.23 

- 027 

- 0.28 

- 0'28 

- 0'21 

- 0'22 

- 014 

- 0'20 

- 0 2 1  

- 0.18 

- @18 
- 0.21 

- 0'11 

Index, 

8 

+ 0'19 

+0'15 

+ 0.11 

+ 0.07 

0-00 

'23 + 0.33 

+ 0.32 

$030 

f-0'27 

t-0'25 

+ 0'21 

+0'19 

+0.18 

+ 0.13 

$0'08 

+@lo 

$0.13 

+ 018 

+ 0'20 

+ 0.17 

+ 0'17 

+ 0.18 

+ 0.17 

$016 

+ 0.16 

+ 0'15 

Meridian 

I /  

+ 0'2 
$0.2 

+ 0'2 

+ 0.2 

+ 0'2 

- 0.2 

- 0.2 

-0.2 

- 0'2 

- 0.2 

- 0.2 

- 0.2 

- 0.2 

+ 0.2 

$0'2 

+ 0-2 

$0.2 

f 0.2 

+ 0.2 

+ 0.2 

+0'2 

f 0.2 

+ 0.2 

- 0.2 

- 0.2 

- 0'2 

changes 

26, 34 R. P. L. and y' 
Hridani. 

26, 34and 116 B. P. L. 

Polaris and Achemar. 

33 and 103 R. P. L. 

40 and 67 R. P. L. 

35 R. P. L. and 61 Ceti. 

Pol&ris and 111 R. P. 1,. 

33 and 114 R. P. L. 

Polaris and 111 R. P. L. 

Polaris and Achernar. 

35 and 111 R. P. L. 

correotions nsnally occur after 

8 

- 0.42 

- 0.36 

- 0'41 

- 0.43 

- 0.49 

- 0.72 

- 0.55 

-0 .48  

- 0'50 

- 0.40 
- 039 

-04A 

' - 0'40 
- 0 % 

- 052 

- 056 

- 0.58 

- 0'62 

- 1-34 

- 1.58 

- 0.90 

- 0.66 

- 0.63 

- @5? 

- 0.62 

- 0.62 

in the 



INSTRUMEKTAL CORREOTIONS. xxxiii 

Instrumental Corrections adopted 4% 1864. 

I 
I 

- - - 
Clock Inclina- Collima- Meridian. 

%tc. 1 111.e~. 1 2 [ i o n  I .on 1 1 DeberminingBh. 

-- 

1864. 

JBU. 1 

2 

4 

5 

6 

7 

11 

12 

15 

16 

18 

19 

20 

21 

23 

23 

26 

26 

-- 

+ 1.0 

$0'4 

+ 0.G 

+ 0 1 

+ 0'2 

- 0.6 

- 1.4 

- 2'3 

- 1.5 

- 8.7 

- 1.7 

- 1 

- 2.2 

- 2.6 

- 3.0 

, 3.6 
- 2.8 

- 2'6 

1 
- 0.1 

- 0.1 

- 0 1 

- 0 1  

- 0'1 

- 0 1  

- 0.1 

- 0'1 

- 0'1 

- 0'1 
- 0.1 

- 0'1 

- 1 
- 0 

- 0.1 

- 0'1 

0.0 

0.0 

27 

28 

29 

30 

Pcb. 1 

2 

3 

4 

5 

8 

9 

lo 

S 

- 0'17 

- W16 

- 0.23 

- 0'21 

- 0'23 

- 0.16 

- 0.21 

- 0'18 

- 0'14 

- 0.17 

- 0.18 

- 0.21 

- 0.19 

- 018 

- 0'21 

- 0'24 

- 036  

- 035  

. 
- 0.59 

- 0.59 

- 0.43 

- 0.4 
- 0.57 

- WC2 

- 0.61 

- PC3 

- 0.54 

- 0.64 

- 0.06 

- O.OG 

- 0.08 

- 0.06 

$. 0'05 

+ 0.02 

- 0'02 

- 0.06 

The Transit olook rate was ohanged 0.5 second, after the observation on Jasuary 16th. 
I 

- 0'36 

- 0'39 

- 0'43 
- 0'36 
- 0'31 

- 0'31 

- 0.22 

- 0.28 

- 0.33 

- 0.27 

- 0-25 

1 - 0.21 

Polaris and R 1  Ceti. 

34 and 116 R. P. L. 

61 Cephei and 8 Ura. Min. 

51 Cephei and 8 Urs. Min. 

51 Cephei and 8 Urs. Min. 

51 Cephei and 8Urs. Min. 

51 Cephei and curs. Min. 

6 Canori anndh Urs. Min. 

S I 
$0.01 

+ 0'04 

- 0.04 

- 0.04 

- 0'04 

- 0'01 

- 0.03 

+ 0'02 

+ 0'05 

+ 0.03 

- 0'01 

- 0.04 

- 001  

000 

- 0'02 

- 0.05 

- 0'12 

- 0'08 

- 0.03 

+ 0.02 

- 0.06 

- 0.02 

$0'14 

+ 0.08 

+0$14 

$ 0 2 6  

$0'24 

+ 0.12 

$0.03 

+0'07 

- 2.9 I 0.0 

51 Oephei and 111 R. P. L. 

43 R. P. L. and 8 Urs. Min. 

a Orionis and 8 Urs. Min. 

51 Cephei wd a Colnmb~. 

51 Cephei and e Urs. Min. 

1 

S 

+@I5  

+ 0'15 

+ 0.08 

+PO6 

0.00 

f3.01 

+ 0.07 

+ 0.09 

+ 0'14 

+ 0'10 

+ 0'02 

- 0.02 

+ 0'03 

+ 0'08 

+ 0'12 

+ 0'11 

+ 0'10 

+ 0.09 

- 0'09 

- 0'10 

- 0'15 

- 0'03 

- 0.04 

- 0'05 

0.00 

- O'CB 

- 0.10 

- 0.06 

- 0'06 

- 0.03 

- 2 8  

- 2.8 

-2.4 

- 2.8 

-2.5 

- 3.0 

- 2.7 

- 2 8  

- 3'4 

- 3.3 

I - 3a3 

- oa 
- 0'17 

- 014 

- 0.12 

- 0.07 

- 0'06 

- 0'03 

- 0.05 

- 0'06 

- 0.11 
- 0'03 

-@05 

0.0 

0.0 

0'0 

0'0 

0.0 

- 0.1 

0'0 

0.0 

0.0 

- 0.1 

- 0.1 



xxxiv INTRODUCTION. 

Instrumental Corrections adopted i l z  1864. 

Clock Inclina- Collima- MeriGan, I me.. 1 i ti, 1 1 Determining stars.  

1864. 

Feb. 11 

12 

13 

15 

16 

17 

18 

19 

21 

22 

23 

24 

25 

26 

29 

M r .  1 

2 

3 

4 

5 

7 

8 

9 

10 

11 

14 

15 

16 

I 17 

1 18 

I, 

- 2'9 

- 2'6 

- 2.7 

- 2'1 

- 2.5 

- 2'5 

- 2'6 

- 2.2 

... ...... 
-2.7 

- 2.4 

- 2.1 

- 2.7 

-2.2 

-1.7 

- 1.3 
- 2.1 
- 2.3 

- !21 
-2'4 

. - 1.8 

-2.0 

- 1'9 

- 2 9  

-1.8 

- 2'0 

- 1.9 

- 2'1 

- 1.5 

1 - 1 . 8  

S 

- 0.27 

- 0.84 

- 0.27 

- 0.22 

- 0.26 

- 0.19 

- 0.21 

- 0.18 

- 0'10 

-0.06 

- 0.21 

- 0.17 

- 0.15 

- 0.13 

- @13 

, - 

S 

- 0'06 

- 004 

- 0.05 

- 0.01 

- 0.03 

- 0.01 

- 0.03 

- 0.0'7 

- 0.03 

4-001 

- 0'06 

- 0.03 

- 0'01 

0.00 

-0.02 

- 0.01 

-0'07 

- 0'02 

- 0'06 

- 0'07 

- 0.01 

-0'06 

- 0.07 

- 0'07 

- 0.04 
- 0'04 

- 0.02 

+ 0.03 

+PO2 

/ + 0 0 2  

I 
- 0'1 

- 0 ' 

- W 1  

0.0 

+ 0-1 

+ 0 

+ 0.1 

+ 0.1 

...... ... 
+0.1 

+ 0'1 

$0.1 

f 0.1 

+0'1 

0.0 

0.0 

* 
0.00 

- 0'03 
+ 0.09 

+ 0.01 

- 0'03 

+ 0.07 

+ 0'28 

$ 0.04 

- 0.26 

f007 

- 0.12 

+ 0'01 

+ 0.13 

4-0.22 

+ 0'26 

+ 0.32 

S I 
- 0.08 

- 0'06 

- 0.M 

+ 0.01 

- 0.66 

- 0'09 

- 0.11 

- 0.14 

- 0.12 

-0.11 

- 0.11 
- 0.10 

- 0.09 

- 13-08 

- 012 

- 0.14 

- 0.16 

- 0.19 

- 0.18 

- 0.17 

- 0.18 

- 0.19 

- 020 

- 0.19 

- 018 

- 0.14 

- 0.10 
- 0.06 
- 0.11 

j - D l 5  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0'0 

0.0 

+ 0'1 
+0.1 

1 1 0 . 1  

M R. P. L and 8 Urs. Yin. 

49 R .P. L. and 1 Ore. Mia.  

51 Cephei and 1 Urs. Min. 

51 Cepheiand AUrs. Min. 

51 Cephei and h Urs. Min 

70 and 150R. P. L. 

51 Cephei and 24 Cephei. 

51 Cephei and 150 R. P. I 

49 and 150R. P. L. 

70 and 150 R. I?. L. 

60 and 143 11. P L. 

$- 0.25 

+ 0.22 

+@27 

+ 0.21 

+ 0.32 

+ 0.32 

+ 0.25 

+ 0'14 

+ 0.07 

4- 0.21 

4-0'15 

+ 0-17 

+ 030 

+ P 3 3  

- 0.18 

- 0 . 1  

- 0.16 

- 0.21 

- 0.10 

- 0.20 

- 0'22 

- 0.23 

- 0'21 

- 0.20 

- 0.17 

- 0.09 

- 0'14 

-0.12 



INSTRUMENTAL CORRECTIONS. XXXV 

Iwtrwme?ztnZ Corrections adopted in 1864. 

! 
Inclina- Collima- Meridian. .ate. I 1n.x I , 1 I 1 1 Determining Biar~.  

S 

- 0'10 
- 0.07 
- 0'07 
- 0.10 
- 0'05 
- 0'05 

- 0.02 
- 0.08 
- 0'12 
- 0'10 
.- 0.09 
- 0'09 
- 0'07 
- 0.0V 
-0.07 

- 0.06 
- 0.0'7 
-001 

- 0.05 
- 0.07 
- 0'06 
- 0'05 
- 0.10 

60 B. P. L. and 24 Cephei. 

60 and 158 R. P. L. 

72 and 158 R. P. L. 

70 R. P. L. and Polf~i8. 

89 R. p. L. and Polaria. 

60 and 160 R. P. L. 

72 and 150 R. P. L. 

72 R. P. L. and Polaris 

1864. 

Mar. 19 

21 

22 

23 

30 

31 

Apl. 1 

2 

4 

5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

16 

18 

19 

20 

s l s  
0'00 

+0'01 

+O 03 

- 0'01 
0.00 

$0'02 

- 0.05 
- 0'03 
- 0.03 
- 0'03 
- 0'03 
- 0'03 
-0'02 

- 0.02 
-0'02 

- 0.02 
- 0'03 
0.00 

+ 001 
0.00 

4-0.02 

+ 0.03 
I - 0.02 

I ,  

- 1 4  
- 1.9 
- 2'0 
- 1.5 
- 1.0 
- 0'8 

- 0.6 
- 0.9 
- 1 
- 0.5 
- 4 
- 0'3 
-0.8 

- 0'5 
... ...... 
- 0.4 
- 0 
-0'1 

+ 0.1 
- 0.4 
- 0.5 
- 0.9 
- 0.4 

( 
+ 0'1 
+ 0.1 
+ 0'1 
+0.1 

+0'1 

+ 0'1 

- 0.3 
- 0'3 
- 03 
- 0'3 
- 0'3 
- 0'3 
- 0.3 
-0.3 

. . . , . . .a .  

- 0'3 
- 0.3 
-0'3 

- 0'3 
+Oml 

$0'1 

$0.1 

+ 0.1 

- 0.20 
- 0.17 
- 0'16 
- 0'15 
- 0'17 
- 0.17 
- 0.18 
- 0.20 
- 0'21 
- 0'21 
- 0.21 
- 0.21 
- 0'22 
- 0.22 
-0'23 

- 0.23 
- 0.23 
- 0.22 
- 0'22 
- 0.19 
-0'21 

- 0.22 
- 0.23 

21 

22 

23 

25 

26 

27 

28 

- - 

s 

+ 0.29 
+ 0.24 
+ 0.25 
+ 0.24 
+ 0.25 
+ 0'33 

+ 0'36 
f0.24 

- 0'06 
- 0.06 
- 0.10 
- 0.30 
- 0'17 
-0.21 

-0.02 

+OSll 

- 0.08 
+0.01 

- 0'06 
- 0.13 
$0.09 

$0'17 

+O.OQ 

y Urs Maj. and Polasis. 

101 R. P. L. and Polaris. 

I 

- 0.7 
0.0 

- 0'4 
- 0'2 
0-0 

+ 0'2 
- 0'4 

+0'1 

+0.1 

+O01 

+ 0.1 
+ 0'1 
$0'1 

+ 0.1 

$0.03 

+ 0'14 
+ 0'17 
+ 0.15 
+ 0.11 
+ 0.07 
- 0.06 

- 0.24 

- 0'24 
- 0.25 
- 0.26 
- 0.26 
- 0.24 
- 0'23 

-0'09 

- 0'05 
- 0.04 
- 0.03 
- 0'05 
- 0.03 

1 - 0.03 

0.00 

$ 0'02 

+ 0'02 
$0.01 

- 0-01 
+ 0.01 
@OO 



X X X V ~  INTRODUCT CON. 

In~tvumental Correctio?zs adopted in 1864. 

Clock Inclina- Collima- Meridian. Determining Stars. Date 1 Index R 1 t .  1 tion. 1 tion. 1 1 
1864. 

Apl. 29 

30 

May 2 

3 

& 

5 

6 

7 

10 

12 

13 

14 

16 

17 

18 

19 

7 Urs Naj. and Polaris. 

8 .  

LO1 R. P. L. and Polaris. 

q Urs Maj. cmd Polaris. 

89 and 12 R. P. L. 

99 and 158 R. P. L. 

111 and 14 R. P. L. 

7 Urs Maj. and Polaris. 

B Urs Min. and Polaris. 

3 Urs Min, and 33 B,. P. L. 

1 

S 

0.00 

+ 0.04 

+ 0.05 

0.00 

+0.02 

+ 0.05 

+0.06 

+ 0.03 

- 0'01 

+ 0'02 

+ 0'07 

- 0.02 

- 0-01 

+ 0.02 

+ 0.01 

000 

- 0.01 

+Oa02 

- 0'01 

0'00 

- 0'02 

0.00 

- 0'01 

+ 0'03 

- 002 

0'00 

- 0'02 

- 0'02 

I 0.00 

S I 
- 0.20 

- 0.14 

+ 0'06 

+ 0.08 

+ 0.06 

-'Ou05 

- 0.20 

- 0.24 

- 0'08 

- 0 13 

- 0'05 

0'00 

- 0'51 

- 0'51 

- 0'16 

- 0'09 

8 

- 0.21 

- 0-19 

- 0.19 

- 0.19 

- 0.19 

- 0.19 

- 0.20 

- 0'21 

- 0.23 

- 0'24 

- 0'23 

- 023 

- 0-22 

- 0'21 

- 024 - 0 . 2 3  
-42% 

w - 0 . S  

- 0.3 
- 0.28 

- 0.26 

- 0.94 
- 0'21 

- 0'17 

- 0.20 

- 0.21 

- 043 

- 0.25 

- 0'26 

- 0'23 

20 

21 

23 

24 

25 

26 

28 

30 

31 

June 2 

3 

4 

7 

,, I 
0.0 

+ 0.4 

+ 0.8 

+ 0.9 

+ 0.4 

+ 0.6 

0.0 

+ 0-5 

+ 0.5 

+ 0.6 

+ 0.7 

f 0 2  

f0.8 

+ 1.0 

+ 0'3 

$0.6 

S 

- 0.04 

0.02 

- 0.01 

- 0.03 ' 

- 0.01 

+ 0.02 

+0.03 

+ 0.03 

+ 0.02 

+ 0'01 

+ 0'04 

- 0.02 

0.00 

+ 0.04 

0'00 

- 0'01 

8. 

$0.1 

$0.1 

' $0'1 

'+ 0.1 

+ 0'1 ' 

$0'1 

$0'1 

+ 0'1 

- 0.1 

- 0.1 

- 0'1 

- 0'1 

- 0.1 

- 0.1 

- 0'1 

- 1 

- 

+ 1.2 

- 0.5 

+ 1'3 

+ 1.7 

+ 1.3 

+ 1.6 

+ 1'2 

+On8 

+0.9 

+ 1.3 

+ 2.0 

+ 1.7 1 + 1.4 

- 0.02 

+ 0'02 

- 0'03 

- 0'01 

+ 0'01 

0.00 

- 0'03 

0.00 

- 0'02 

- 0'04 

0'00 

0'00 

+0.02 

- 0 1 1 - 0.08 

- 0'1 

0'0 

0.0 

0.0 

0.0 

0'0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 0.10 

- 0'38 

- 0.73 

- 0'73 

- 046 

- 0.21 

- 0'02 

- 0.01 

- 0.19 

- 0'20 

- 0.19 

- 0.06 



INSTEUMINTA L CORRECTIONS. xxxvii 

Imstrummtal Cor~ectims adopted in 1864. - - 
Cloak Inolina- Gollima- Meridian. 

.ate 1 haex. I w 1 a t e  1 I t ion I 1 Deiemining 8ta.a. 

6 

- 0.22 

- 0'20 

- 0.16 

-0.20 

- 0.23 

- 0.23 

- 0.23 

- 0.22 

- 0.21 

- 0.20 

- 0.19 

- 0.19 

- 0.19 

- 0'2.0 

- 0.20 

- 0.21 

- 0.23 

- @2s 

- 0.34 
- 0.25 

- 0.28 

- 0'27 

- 0.26 

- o.ac 
- 0.26 

- 0.25 

, - 0.21 

- 0.28 

- 0.24 

- 0.94 

El 

- 0.03 

- 0.09 

- 0.19 

- 0.18 

-'0.10 

- 0.08 

- 0.15 

- 0'26 

- 0.22 

4 0.03 

- 0.06 

- 0.19 

- 0.08 

- 0.02 

- 0.05 

- 1 0  

0.00 

+ OpM 

0.00 

- 0.12 

- 0.11 
+0'02 

-+ 0.03 

+ 0.03 

+ 0.01 

+ O p O l  

- 0.13 

$0.03 

$ 8 0 4  

$ 0 0 8  

I, 

0.0 

- 0.1 

- 0.1 
f0.1 

+ 0.1 

+ 0.1 

+ 0.1 
+0-1 

- 0'2 

- 0.2 

- 0.2 

- 0.2 

- 0.2 

- 0'2 

-0.2 

- 0.2 

$0.1 

- 0.2 

- 0.2 
- 0.8 

0.0 

0.0 

0.0 

o.0 

09 

0.0 

- 0'2 

- 0.2 

- 0.2 

- 0.2 

-, 

1, Bootia and Polaris. 

. 

F Era. Min. and $0 E. I?. L. 

111 R. P. L, and Antares. 

E Urs. Min. nnd 51 Cophia. 

8 Urs. Nin. and 9 Ophiuohi. 

G Ura. Min. and pl Sagit- 
thi. 

s Urs. Nin. and 43 R. P. L. 
i " "  

J 

- 
1864. 

June 8 

10 

U 

15 

16 

17 

18 

21 

24 

27 

28 

29 

30 

July 1 

2 

4 

7 

8 

9 

I1 

18 

21 

22 

23 

25 

26 

Bag. 6 

8 

9 

11 

I 

+ 1.6 

+ 1.3 

+ 1.0 

+ 0.6 

+ 1.1 

+PO 

+ 0.9 

$0.9 

$0'4 

0.0 

- 0.4 

+ 0.7 

$0.2 

+ 0.3 
+@6 

+ 0.7 

-0.1 

+ 0.6 

- 0'2 

+ 0'2 

- 0'6 

- 0'2 

- 0'6 

- 0.5 

- 0.3 

- 1'8 

$ 0'9 

$ 0.6 

$@s 
+0.6 

8 

$0.01 

- 0.01 

3 0.04 

0.00 

+ 0.01 

$0'02 

+ 0'07 

$0.05 

+ 0'06 

f @OF 

+ 0'06 

+ 8 0 6  

+ 0.07 

4- 0.04 

$0'04 

+ 0.04 

+ 0.07 

$ 0.07 

+ 0.03 
$0.04 

- 0.02 

$0.04 

$0'07 

+ 0.10 

+ 0.08 

+ 0.15 

1 0.02 

$ 0'01 

+ 0.01 

0.00 

8 

0.00 

- 0.04 

- 0.01 

- 0 0 1  

- 0'02 

- 0'01 

$0.02 

- 0.02 

- 0'01 

- 0'01 

- 0.06 

- 0'03 

- 0.04 

- 0.07 

- 0.06 

- 0.04 

$ 0.02 

- 0.02 

- 0'04 

0.02 

- O.01 

0.00 

+ 0.01 

+ 0.03 

+ 0.04 

+ 0.05 

- 0.03 

- 0.01 

- 0'01 

- 0'08 



X X X ~  INTRODUCTION. 

Instrumental Corrections adopted in 1 864. -- -- 
I 

Incline- Collima- Meridian. Date. 1 Index. 1 24 1 1 1 I Debeminin. St-. 
* ( -- 

1864. / I  / I  S 8 s 0 

Ang. 12 -1-0'8 - 0'2 + 0'08 - 0'02 f0.01 - 0'23 

13 + 0'2 - 0'2 + 0'06 - 0'01 f0.02 - 0'22 

15 + 0.1 - 0.2 - 0'07 - 0'01 - 0.01 - 0'21 

16 +0.6 + 0.2 0'00 + 0'01 - 0.02 - 0'20 S Urs. Min. and 51 Cephei. 

' 17 - 0 3  - 0.2 +0.10 4-0.02 +OQ3 ' - 0.21 i 
1 18 +0.2 + 0'2 + 0'07 - 0'06 - 0'02 - 0.23 
I 
1 19 +W9 4-0.2 0'00 - 0'02 - 0.02 - 0'24 

20 + 0.5 $0'2 - 0'01 - 0'02 - 0'01 , - 0.25 

i 22 +0.5 +0'13 - 0.06 - 006 - 0'28 I: 1 23 +a5 +0'2 0.00 - 0.08 - 0.07 - 0'29 A Urs. Min. and 61 Cephei. 

24 + 0.7 + 0.2 - 0.07 - 0.04 - 0.01 - 0'27 

26 +0.5 + 0.2 0.00 - 0'04 - 0.01 - 0'24 
i 
I 29 + 0'4 + 0'2 - 0.12 - 0'12 - 0'041 - 0'20 
I 
! 

31 + 1'5 $. 0'2 - 007 - 0.16 - 0'04 - 0'17 

. 2 +2.7 - 0'3 0'00 - 1 1  - 0'01 - 0.14 24 Urs. Min. and 8 Aquile. 
1 
I 5 $3.3 - 0.3 0.00 - 0.12 0'00 - 0'13 150 R. P. L. and p Capri. 

oorni. ' 9 +2.6 - 0 3  + 0.02 - 0.13 I 0'00 - 0'20 

10 +2'9 - 0.3 + 0.03 - 0'13 - 0'01 - 0'22 

12 + 3.1 - 0.3 - 0.05 - 0'14 0.00 - 0.26 

13 +2'4 - 0.3 - 0'08 - 0'16 - 0'01 - 0.28 143 and 49 R. P. L. 

14 + 2'6 - 0.3 - 0'06 - 0'17 - 0.01 - 0'27 ' 

15 +1.8 - 0.3 - 0'10 - 0.15 + 0.02 - 0.27 

16 + 2 5  - 0.1 - 012 - 0'15 +DO2 - 0'26 

19 +2'7 - 0'1 - 0'06 - 0'10 + 0'02 - 0.24 

20 + 2.6 - 1 - 0.04 - 0.10 +0'02 - 0.24 

22 +2'6 - 0 - 0'06 - 0'13 + 0.02 - 0'22 

24 +2'3 - 0'1 - 0'07 - 0.13 + 0'02 - 0.21 

i 26 +2'3 - 0'1 - 0'08 - 0.15 + 081 - 0'20 150 and 60 R. P. L. 

/ 27 + 2.2 - 0.1 - 0.0'7 - 0.14 + 0.01 - 0.24 

28 +1.6 - 0'1 - 0'04 - 0'19 - 0 02 - 0.28 

1 29 + 1.8 - 0.1 - 0'04 - 0.16 - 0.01 - 0.31 A TJra. Nin. and6OR. P. L. 
I 



INSTRUMENTAL CORRECTIONS. xxxix 

Instrumental Corrections adopted in 1864. 
- - - - - - - - - - 

The Transit clock wm cleaned on October 29th, mthout removiug or in any way interfering with the 
pendulum. Its rate waa altered 1 second, after the observations on November 3. 

I 
' 

I 
! 

i 

Dohe I Index. 1 1 1 1 1 Meridian. 1 Determining S h r ~ .  

-- 
1864. 

Oct. 1 

3 

4 

5 

6 

7 

8 

10 

11 

13 

14 

15 

17 

20 

21 

22 

1 24 

25 

26 

27 

28 

31 

NOV. 1 

2 

3 

4 

5 

7 

8 

I -- 

s 

- 0 11 

- 0.16 

- 0.15 

- 019  

- 0.14 

- 0.17 

- 0'14 

- 0.15 

- 0'16 

- 0'20 

- 0.21 

- 0'26 

- 0.22 

- 0.45 

- 0.44 

- 0.44 

- 0.36 

- 0'39 

- 0.35 

- 0.35 

- 0.31 

- 0.34 

- 0.34 

- 0-33 

- 0.32 

- 0.30 

- 0.32 

- 0'36 

- 0.34 

I -0.34 

1 ' 
+ 1.3 

+2.1 

+ 2.1 

+ 1.5 

+ 0.5 

+0.7 

f0.8 

...... 
+ 0.8 

+ 1.3 

+ 1.0 

+ 1.3 

+ 2.1 

$5'4 

+ 6.1 

+ 6.2 

+ 7.3 

+ 6'3 

+ 6.6 

+ 6.0 

+ 5.0 

$8.7 

...... 
+ 5.1 

+ 8.3 

+ 4.8 

+ 3.8 
+ 2.8 

+ 3.v 

* I  
- 0.3 

- 0.3 

- 0.3 

-0'3 

- 0.3 

- 0.3 

- 0.3 
*...a. 

- 0.3 

- 0.3 

- 0.3 

- 0.3 

+ 0.2 

+O'2 

+ 0.2 

+ 0.2 

+ 0.2 

f 0.2 

+ 0r2 

+ 0.2 

+ 0.2 

+ 0.2 

...... 
- 0.2 

- 0'2 

- 0.2 

- 0.2 

- 0.2 

- 0'2 

s I 
- 0'25 

- 0'19 

- 0.19 

- 0.18 

- 0.18 

- 0'17 

- 0'17 

- 0.17 

- 0.17 

- 0.17 

- 0.18 

- 0'18 

- 0'19 

- 0'21 

- 0'2% 

- 0'20 

- 0.15 

- 0.13 

- 0.10 

- 0'08 

- 008 

- 0'09 

- 0'09 

- 0.10 

- 0.09 

- 0.09 

- 0.08 

- 0.05 

- 0.03 

I 0'00 

1 8  

f0.01 

- 0.04 

+Odl 

- 0.04 

f 0.01 

- 0.04 

- 0'01 

- 0.01 

- 0.02 

- 0'02 

- 0.01 

- 0'06 

+@02 

- 0.02 

- 0.06 

- 0.05 

- 0.01 

0.00 

+ 0'02 

+ 0.01 

+ 0'03 

+ 0.01 

- 0.02 

- 0.05 

- 0.03 

- 0.05 

- 0.03 

- 0'03 

- 0'02 

O.OO 

6 

- 0'15 

- 0.32 

- 0.27 

- 0.29 

- 0.24 

- 0'18 

- 0.60 

- 0.18 

- 0.26 

- 0.24 

- 0.16 

- 0.14 

- 0.31 

- 0.36 

- 0.23 

- 0.16 

- 0.07 

- 0 16 

- 0.24 

- 0.21 

- 0.21 

+ 0.84 

+ 1.06 

+ 1.23 

+ 1'23 

- 0.01 

+- 0'01 

- 0.03 

- 0.03 

- @03 

158 and 78 R. P. L. 

150 R. P. L. and 8 Sculp- 
toris, 

Polaris and 8 Aquarii. 

3 Pegasi and 79 R. P, L. 

Polaris aud 101 R. P. L. 

12 and '7% R. P. L. 

158 and 89 It. P. L. 

&--- 



XI INTRODUCTION. 

The Transit clock-rate was again altered 1 eecond on November 26th. 

-. ..- 
.--. 8 

Inolina- Collima- Meridian. Date. ( Index. I " 1 2:;: 1 1 I Determining Stam. 

1 --1864. 

/ Nor, 11 

' 12 

14  

16 

21 

22 

23 

24 

25 

29 

30 

Deo. 1 

2 

3 

5 

34 R. P. L. and y1 Eridani. 

Polaris, 34 and 111 R. P. L' 

Polaris and Aohernar. 

Polaris and v Pisouim. 

/I 

+ 8 4  

+S.3 

+31 

+46 

+ 6'3 

+ 6'7 

+ 6'6 

+&6 

+ 5'5 

+ ?'I 

4- 7.8 

+ 1'9 
+7'6 

f 1'6 

4 6.7 

33 E. P. L. and S Oeti. 

Polaris and 6' Ceti. 

51 Cephei and 8 Urs. Min. 

Polaris, 34 and 114 R. P. L. 

\ --P -- - - 

+ 7-4 

+ 7.6 

I< 

- 0.2 

- 0.2 

- 0.2 

f0.1 

+ 0.1 

+@1 

+ O e 1  

+0.1 

+ 0.1 

+ 0.1 

+ 0'1 

- 0'3 
- 0.3 

- 0.3 

- 03 

8 

9 

10 

12 

13 

14 

16 

16 

17 

20 

21 

22 

23 

- 3 2  

- 034 

- 0.33 

- 0.32 

- 0.35 

- 0.30 

- 0-32 

-0'32 

- 0.31 

- 0.28 

- 0.27 

- 0.29 

- 0.24 

- 032 

- 010 

- i.0, 

- 13-21. 

- 0.57 

- 0.75 

- 0.89 
- 0.92 

- 0.98 

-1.06 

- 1-06 

+ 0.01 

+ 0.08 

.- 0.01 

- 0.09 

-r 0.05 

- 0-18 

- 0'3 

- O I  

- 0.3 

- 0.3 

- 0.3 

- 0.3 

- 0.3 

- 0.3 

+ 0.1 
4-0.1 

+ 0.1 
+ 0'2 

$ 0 1  

+ 0'1 

+ 7-7 

f 7.5 

f 6'1 

+ 6.3 

+ 6.8 

f 5.0 

+ 5.3 

+ 5.3 

+ 5.7 

+ 5.0 

$4'9 

+ 4.9 
+ 5.0 

- 0.33 

- 0.33 

- 0.32 

- o?29 

- 0.32 

- 0'36 

- 0'36 

- W35 

- 0.34 

- 0'34 

- 0.37 

- 0.21 

-0.35 

- 0'30 

-0.18 
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SBPARATE RESELTS OF OBSERVATIONS. xli 

SEPARATE RESULTS OF OBSERYATIONS. 

These, though forming the bulk of the present volume, require but 
little further explanation than is afforded by' the headings of each column. 

In the second column, Flamstee,d',q numbers, Bayer's Greek letters, and 
familiar names by which the principal stars are known, have been used in 
preference to any other designations. E'or other objects, reference i s  made 
to " Ta?jlorYs Ma4dras Ca,ta,logue" ; to Baily's edition of " Lalamde" ; to the 
two Catalogues of "Rsssel's Zon,esw, compiled by Weisse; with W. B. E. fop 
the first, containing stars within 15" of the equator, and W. B. N. for t'he 
second or northern one. Similarly, the northern md southerncatalogues of 
" A~ga2al.ade~'s Zones", compiled by Oeltzen,are indicated respectivelyby 0. A. N. 
and 0. A. S. Polar stars, used for meridian error, taken from the " Cacta- 
loyz~e Of ,164 Stars within 6" of the North Pole", in Vol. XVI of the " RadctiJe 
Obse~~valio~~s", are referred to by their number therein, followed by R. P. L. 
For the Variable Stars I have used my own nomenclature, agreed t o  by Prof. 
Argelander, Sir John Herschel and other astronomers, when my Atlas of 
these objects was first fairly taken in hand, nearly thirty years back ; in which 
Prof. Argelander*'~ letters, R, 8, T, &c., are retained, but the name of the 
constellat~ion is followed by Var. 1, Tar. 2, &c., showing thereby tho order 
of proved variability of each star in such constellation. As it is now somany 
years since this simple method of reference to the variable stars was first, 
suggested by me, it may be as well to state that i t  malces no distinction 
I~etween periodical and temporary stars ; those which are subject to more or 
1.ess regular changes and those which have only once risen to a maximum. 

, Thus, in Cassiopea, we  have Gemma's Nova of 15'72, kno.wlz as B Cessioper~ 
Var. 1; Cassiopea Var. 2 ;  R Cassiopea, Var. 3; kc. In  Scorpio also, we 
I~we, ,R Scorpii Tar. 1 ; S Scorpii Vsr. 2 ; the two small variables near the 
cluster 80 Messier, first figured on page 357 of Srnyth's Celestial Cycle ; 

\ T Scorpii Var. 3, Auper's Nova of 1860, which blazed out apparently in the 
centre of the cluster itself, and V Scorpii Var. 4, my own Nova of 1863, 
No. 6'01 of the Lists for 1863 on pages 99 and 152 of this volume. 

The estimations of magnitude made by Ragoonzltha Chary are fairly 
accordant with Argelander's scale and are generally within a quarter of a 
magnitude, but those of Moottoosammy, who affected tenths, were much less 
certain. 

K 



xlii INTRODUCTION. 

MEAN POSITIONS OF STARS OBSERVED IN EACH YEAR. 

In the annual lists of Mean Positions of Stars, only complete obser- 
vations aye included, so as to render the mean date the same for both co-ordi- 
nates. The numbers and references for the stars observed are the same as 
in the Separate Results. When magnitudes mere noted, the mean of the 
estimations is given, but when no figure stands.in the col~zrun of Estimations 
it must ba understood that the magnitude entered is taken, from Argelander's 
(' Uranorr~.etria Nova", from the two Radcliffe Catalogues, or from some other 
trustworthy source. 

The Right Ascensions and Polar Distai~ces are the simple means of the 
separate results, the latter being still only provisional and subject to further 
small changes in regard to the corrections for flexure and assumed latitude. 

The tables on the four following pages, showing the excess of the 
Madras Mean Positions above those given in the Nautical Almanac for each 
gear, render it certain that the Polar Distances will require some further small 
correction before being formed into a final general catalogue. 

The annual precessions were computed by means of the formulae given 
in the Nautical Almanac, in which the co-efficients of Prof. Peters were 
adopted, and the secular variations are the differentials o f  t'ha precessions 
multiplied by 100, the variations of m and n being duly taken into account. 

The proper motions, when not otherwise mentioned, are from the well- 
known lists published by Mr. Main, in the 19th and 28th, and by Mr. Stone, 
in the 33rd volumes of the "Memoirs of the Royal Astronom.ica1 society." 
When from any other source the authority is given in the foot notes : 
" Green.wich Catalogue" refers to the most recent of the five Greenwich Cata- 
logues in which the star was found ; and " Stone's Catalogue" to the great 
6 c  Cape Catalogue of 12,441 Stars." --- 

OTHER OBSERVATIONS WITH THE MERIDIAN CIRCLE. 
The observations given in this volume relate only to the fixed stars. 

During the three years however, 163 observations of the Xoon, 66 of Mars and 
195 of 37 Minor Planets were made with the Meridian Circle, all of which 
await publication in a volume of Planetary and Cometary discoveries and 
observations, made chiefly with the equatoreals but supplemented by the 
Meridian Circle when any planet was not much below the 10th magnitude 
and was therefore observable in the illuminated field of that instrument. 
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Compar ison of Xad pas Nemz P o s i t i o ~ u  with the Nautical Almanac. 
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Star. 

... 1097 Lalande 

. . . . . . . . .  

1123 Lalande .. 
. . . . . . . . .  

. . . . . .  16 Ceti 6. 
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

... 1198 Lalande 

... 60 Piscium 
. . . . . . . . .  
. . . . . . . . . , ,  
. . . . . . . . .  

235 Taylor . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

63 Pisoium 6 ... 
. . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . .  
. . . . . . . . .  

. . . .  ... 
. . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

Mean 
P o  D i t  

1862. 

0 I I, 

89 0 36.5 

0 348 

89 3 41'0 

3 406 

108 44 38.8 

44 4,2.2 

44 40.3 

44 41'2 

44 40.0 

88 56 56.2 

84 0 48'2 

0 4 

0 461 

0 461 

85 25 47.5 

25 47.2 

25 47.1 

25 46'9 

83 9 59.3 

10 0.7 

10 0.0 

9 50.9 

10 0.6 

10 0'3 

9 597 

10 2.3 

10 0 9 

9 58.4 

10 0.6 

89 7 14.9 

7 144 

7 143 
. 

Mean 
Right Aaoension. 

1862. 

h. 11,. s. 

0 34 29.70 

34 29-85 

0 35 35'66 

35 35-67 

0 36 39'52 

36 39-55 

36 39-57 

36 39-63 

36 39'61 

0 38 0'50 

0 40 15-36 

40 15-48 

40 15.47 

40 15-47 

0 41 8-81 
41 8-71 

41 8.82 

41 8.81 

0 41 31.25 

41 31.5'2 

41 31-84 

411 31.51 

41 31.45 

41 31.44 

4.1 31-54 

41 31-32 

41 31-43 

41 31.78 

4.1 31.53 

0 4,l 33.88 

41 33.98 

41 33.97 
- .- -- ... __ 

h 
d 
R 

... 
5 

5 

6 

... 
5 

... 

... 

... 

... 

... 

... 

... 

... 

4 
6 

... 

... 

... 

... 
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... 

... 

... 

... 
6 
6 
5 

... 

... 

... 

... 
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Heporate Results of Mad~as Me~id.ian Circle Observations in 1862. 
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fleparate ReszhZts of Madms MeKdian Circle Obse~vations 4% 1862. 

t; 
P 

El z 

30 

31 

32 

33 

34 

36 

36 

37 

Mean 
Right bscemaion. 

1862. 

h. m. 8. 

1 1 15.74 

1 16.05 

1 15.73 

1 2 53-61 

1 3 21.30 

3 21.16 

8 21.18 

1 3 27.64 

3 27.5'2 

3 27-61 

1 7 39.50 

7 39.60 

7 3991 

1 9 9.99 
9 10'02 

9 9-84 

1 10 4085 

10 8095 

10 40.97 

10 4090 

10 rho"?$' 

10 4098 

10 41.17 

10 C@S.h 

10 4078 

10 41.06 

10 41-05 

10 40.90 

10 41-13 

1 15 31.47 

16 31.38 

15 31-56 

15 31.49 

Star. 

... 80 Piscium e 

. . . . . . . . . . .  

. . . . . . . . .  

... I. 15 W. B. E. 

... 2089 Lalmde 
. . . . . . . . .  
. . . . . . . . . . .  

. . . . . .  33 Ceti 
. . . . . . . . .  
. . . . . . . . .  

... I. 101 W. B. E. 

. . . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
. . . . . . . . . .  

... 89 Pisoinm f 
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . , .  
. . . . . . . .  
. . . . . . . . .  
. . . . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

. . . . . .  43Ceti  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

d 
9 s 
... 
4 

6 

... 

... 

... 

... 

... 

... 
... 
... 

G 

ti 
5 

... 
6 

... 

... 

... 

... 

... 

.... 

... 

... 

.... 
.... 
... 

G 
... 
... 
... 

Date of 

Oct. 14 

15 

,, 17 

Nov 11 

Oct. 28 

Nov. 12 

15 

Oct. 31  

Nov. 1 

31 13 

Nov. ' 5  

6 

,, 22 

Oct. 28 

9, 31 
Deo. 1 

Sep. 30 

Oct. 1 

,, 2 

,, 3 
4 s  

9, 7 
1 ,  8 

9 s  

,, 10 

,, 11. 

,, 15 

,, 16 

,, 18 

Oct. 1 

r, 2 

, r  3 

1, 4 

6 

$ 
, o  

S 

S 
R 

M 

R 
M 
M 

n 
M 

hf 

6 

R 
R 
M 

I4 
S 
s 
S 

S 
S 

S 

S 

S 
R 
R 

S 

B 
S 
s 

Y ean 
Polar Diatmca 

1862. 

0 , ,, 
85 4 53.0 

4 53.3 

4 534 

87 39 17.6 

88 10 582 

10 53.3 

10 52'0 

88 1'7 23'5 

l(1 23.9 

17 23.5 

87 54 3G.G 
64 36.2 

64 3'7'3 

8 l  42 M.1 
482 43.6 
42 42-8 

8'7 G 49'6 
G 66.8 

G 47'3 

6 4I.B 

G 67-0 

G 443.5 

6 46.2 

G 4,6'3 

6 48.2 

6 427.1 

6 4S.l 
G &2 

0 48.4 

91 10 190 

10 20'5 

10 21.8 

10 20'6 

$ 
3 

8 s 

... 

... 

... 

9-0 

8.3 

8-5 
8.5 

... 

... 

... 

0.0 

0.0 

0.0 

100 
... 

10.0 

... 

... 

.., 

... 

... 

... 

... 

... 

... 
.... 
.,. 
... 
... 

... 

... 

.., 

... 
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Beparate Results of M a d ~ a s  Meyidiaqt Circle Obseswations in 1862. 

- 

Q 
P 
5' 
Sl 

37 

38 

39 

40 

41 

42 

43 

44 

Mean 
Polu Di~tance. 

1862. 

o 1 II 

91 10 20'1 

10 21.6 

10 22.5 

10 22.0 

98 53 47.3 

53 41.2 

53 47.2 

53 48.6 

?I 32 40.3 

91 7 
7 2.4 

'7 29 

84 34 65 
34 6.8 

34 8-3 

34 7.7 
34 8.2 

34 7-9 

34 8-1 

76 22 1.2 

22 1.0 

21 58'9 

22 0.1 

22 0.9 
22 1'4 

22 1'4 

13 16 27.0 

16 27.6 

85 12 42.7 

12 42.8 

12 43'3 

12 43'3 

12 83.9 

4 
3 
B 
9 - 
... 
... 
.., 
... 

... 

... 

... 

... 

... 

... 
7.0 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
6.0 
6-0 

... 

... 

... 

... 

... 

. f 

i 

... 

... 

... 

... 

4 

5 
... 
... 

... 

6 

... 
4 

.. 
3 

5 

5 

... 

... 

... 

... 

... 

... 

... 

... 

... 
G 

... 
... 

... 

... 
2 

... 

... 

Stm. 

.. 43 Geti ... 
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

. . . . . .  45 Ceti 6 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

' . . . . . .  93 Pisciump 

...... 465 Taylor 

. . . . . . . . .  
... . . . . .  

... 98 Piscinm p 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
99 Pisoium s ... 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

514 Taylor . . . . . .  
B . . . . . . . .  

106 Pisciam v ... 
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . .  
. . . . . . . . .  

a 

E! 
S 
s 
s 
R 

R 
R 
S 
S 

S 

M 
S 
S 

S 
S 
R 
R 
M 
M 
M 

R 
R 
S 
s 
R 
S 

8 

M 
M 

S 

S 
R 
B 
a 

Date of 

Oct. 9 

,, 13 

9, 15 

,, 16 

Oct. 27 

,, 31 
Nov. 26 

,, 28 

Oct;. 8 

Sep. 30 

Nov. 22 

,, 25 

Aug, 26 

,, 27 
Sep. 9 

,, 13 

,, 16 

,, 23 

,, 21 

Sep. 10 

,, 11 
Oct. 7 
,, 9 

,, 28 
Nov. 20 

9, 24 

Dec. 1 

,, 2 

Bug. 26 

,, 28 
Sep. 6 

1, 8 
,, 10 

Mean 
Right Aseenrion. 

1862. 

h. m. S. 

1 15 31.34 

15 31.54 

15 3P29 

15 31.41 

1 17 7.61 

17 7.54 

17 7.47 

17 1'32 

1 18 49.25 

1 19 294% 

1gX 23.M 
19 23.16 

1 22 57.55 

22 57.33 

22 57.34 

22 5752 

22 5'1.28 

22 5744 

22 57.47 

1 24 6.13 

24 6.16 

24 &Of? 

24 623 

24 6.19 

24 618 
24 620 

1 28 27.10 

28 26.98 

1 34 15.13 

34 15.22 

34 15.19 

34 15.20 

34 15-08 



9 

Separate Results of Madms Neridz'an Circle Obse~vations in 18G2. 

C 
2 
$ 
R 

44 

45 

46 

47 

Star. 

106 Piscinm v ... 
. . , . . . . . .  
. . . . . . . .  
. . . . . . . . .  
. . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . .  
. . . . . . . . .  
. . . . . . . .  
. . . . .  ... 
. . . . . . . . .  
. . a , . . . . .  

. . . . .  
. . . . . . . a .  

590 Taylor . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . .  

111 Piscium E 
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

... 6 Arietis B 
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  

of 
Observation. 

Scp. 11 

7, 12 

1, 13 
15 

1, 16 

,, 17 

,, is 
',, 53 

NOV. 12 

, , 13 

,, 20 
, , 24 

I I  28 
Dec. 3 

,, 4 

, , 5 
1) 10 

Sol,. 10 

,, 11 
,) 17 

1, 18 

Sop. G 

$1  8 

,, 15 

,, 16 

,, 23 

Aug. 28 

Sep. I. 

,, 10 

1, 11 
1, 12 

,, 13 
Nor. 4 

51 6 
11 11 

,, 12 

,, 22 

d 

8 
ii 
0 

R 
R 
I% 
R 
M 
M 
M 
M 
M 
M 

s 
S 

S 
h~ 

M 
M 
M 

R 
R 
M 
M 

R 
R 
R 
M 
M 

S 
P 
R 
B 
R 
R 
M 
M 
M 
M 
S 

&loan 
Bight, htscensio~~ 

1563. 

11. nz. s. 

1 34 15.02 
34, 15.15 

36 15.03 

34 15.15 

34 15.10 

34 15'11 

34 15.26 

34 15.13 

34 15.14 

34 15.11 

34 18.99 

341 18.98 

34 15.57 

34 15.OG 

34 15'08 

34 15.18 

3.1 15.12 

1 41 17.31 

41 17.2G 

41 1?08 

41 17.17 

1 4,G 3.1.86 

46 2k6D 

46 2&78 

46 2.l1.1.7 

46 2-k78 

I 4'7 1.03 

4.7 1.26 

4rl 1'30 

47 1.30 

4,7 1.37 

47 1.31 

47 1.43 

4'7 1.30 

4'7 1.86 

47 1.33 

47 1.21 
J 

_-- 
6 
E 

i 

- ._ . . 

Mean 
Polar Distance 

1882. 

_. __ 
ai 
a 

to 

z 

... 

... 

... 
a.. 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 

... 

... 

... 

... 

... 

... 

... 

.. 

... 

... 

... 

... 

... 

... 

... 

... 

... 
6 

6 

6 

... 

... 

... 

... 

... 

.. 

... 
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... 

... 

... 

... 

... 

... 

... 
4 

... 

4 

.., 
5 
... 
G 

4 

... 

... 

... 

... 

... 
5 

... 
.. 
... 
.,. 

0 / I t  

85 12 43.7 

12 4'3.2 

12 83.5 

12 441 

12 4.31 

12 43.5 

12 48.9 

12 44.5 

12 43.3 

12 45.0 

12 43'0 

12 44.7 

12 44.3 

12 43.5 

12 483.3 

12 44 1 
12 44.3 

87 0 18.7 

0 189 

0 18.0 

0 7 5  

87 20 41.5 

29 42.0 

20 4'3.7 

20 437 

29 4,G-L 

00 53 6.4 
53 5.0 

52 5.9 
62 (30 

52 03 

52 6.5 

52 6.8 
52 G.1 

5.2 5 9 

52 6% 

52 6.6 
- 
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Hepayate Results of Mad*ras Nevidian Cri~cle Obseruations iw 1862. 

- 

- 

1 
B 2 
5 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

.. 

... 

6.5 

7.0 

... 

... 
,.. 
... 
... 
,.. 
... 

... 

5.5 

5.5 

6.0 

... 

... 

... 

... 

.. 

... 

> 
il 
R 

47 

45 

49 

50 

51 

55 

63 

Mean 
Right Ascension. 

1863. 

h. 9%. s. 

1 4~7 1.3-b 

-67 1.35 

47 1'31 

4,7 1.33 

1 59 29.05 

59 23.03 

59 23.91 

59 23.80 

59 2.L-00 

59 33.83 

59 23 97 

59 23-89 

59 2392 

59 26.03 

59 2398 

2 7 53.42 

'7 53.36 

7 53.10 

2 10 5.93 

10 6.00 

10 6.03 

10 6'02 

10 6-06 

10 5.97 

2 10 27.1 G 

2 12 

12 22-40 

12 s2=%B 

2 20 19'56 

20 4939 

20 49-57 

20 4.952 

20 49.57 

20 49'48 

Star. 

. . . . . .  6 Arietis B 
... 
. . . . . . . .  
. . . . . . . . .  

.. 13 Arietis a 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
. . . . .  

. . . . . . . .  

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

... 21 Arietis 
... ... ... 
... ... ... 

... 67 Ceti 

... - . . . .  

. . . . . . . . .  
a . . . . . . . .  

. . . . . . . . .  

. . . . . . .  

22 Arietis 0 ... 

68 Coti o. Vltr 1 ... 
. . . . . . . .  
. . . . . . . . .  

73 Ceti I' .. 
. . . . . . . .  
. . . . . . . . .  
. . . . . . . . .  
. . . . . . . .  
. . . . . . . . .  

0 ; '  

.g 
k 

2 

... 

... 

.. 

... 

... 

... 
'... 
... 
... 
... 
.. 
... 
... 
... 
... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

.. 
4 

... 

5 

... 

... 

... 

... 

... 

Mean 
Polar Distance. 

1862. 

O I R 

60 52 6'2 

52 61 

52 6.7 

52 6.6 

67 11 32.1 

11 328 

11 30.0 

11 32.3 

11 31'9 

11 30 7 

11 29'8 

11 32'0 

11 32.4 

11 32.5 

11 31.8 

65 35 542 

35 56'0 

35 55.6 

97 3 35'1 

3 35.4 

3 35.8 
3 35-7 

3 37.2 

3 36.6 

70 4 20'3 

93 36 21.5 

36 22.4 

36 22.3 

52 9 37.7 

9 37.7 

9 392 

9 38.1 

9 39.6 

9 37.5 

Date of 
Observation. 

Nov. '2% 

,, 26 
, 28 

Dcc. 4 

Sep. 1 

,, 15 
Oct. 9 

,, 10 
Nov. 4 

,, S 

,, 30 

,, 39 
Dec. 4 

,, 5 

,, 11 

Nov. 11 

Dec. 1 

2 ,  5 

Oct. 31 

NOT. 8 

,, 22 

,, 26 

,, 29 
Dec. 10 

Oot. 9 

Oct. 28 

NOT. 3 

1, 4 

Nov. 11 

,, 12 

,, 22 

,, 25 

,, 29 
Dec. 1 

8 

$ m 

8 

S 

S 
S 
M 

I' 
R 
S 

S 
N 

M 
S 
S 
X 
BI 
M 
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M 

M 

R 
M 

s 
8 

S 
M 

S 

R 
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&I 

M 

M 
S 
s 
S 

M 



Beyorate Reszclts of X a d m s  Meridian C i ~ c l e  0bsevvat.io~zs in 1862. 

Star. 
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56 32 Arietia v 

57 86 Ceti y 

... 
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AS &2 Arictis u 

50 1 4.8 Arictis a 

03 51 Arietia b 

.. . 

63 58 Arictis 5 
. . . 

64 ... 

65 33 l'ersci a 

66 17 Tnuri 
... 

67 .. . 

Mean 
Bight lsooasiou. 

1862. 

11. ill. s. 

Mean 
Polar Diaistanco; 

1862;. 
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Separate Reszdt.9 of Mcbdrns Mwidz'nn Circle Observatio~zs im 1862. 

I 
P 
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A 

Sb 

85 

86 

87 

88 

80 

90 

01 

92 

03 

94 

95 
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!d 
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... 
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... 
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... 

... 

... 

... 

... 

... 

Stma. 

... 2-4 Geminornm y. 

. . . . . . . . .  

... GS Geminorurn. 

81 Geminorurn g ..; 
. . . . . .  ... 

70 R. I?. L. ... ~ . p  

... 78 R. P. L. 8.p 

s.p . . . . . .  
. . . . . .  s.p 

. . . . . .  s .  

s.p . . . . . .  
. . . . . .  ssp 

s.p . . . . . .  
. . . . . .  6.p 
. . . . . .  s.p 

. . . . . .  8.p 

... Q0 R. P. L. s.p 

.. 80 R. P. L. 8.p 

S.P . . . . . .  
. . . . . .  7 

2 Corvi s. ... 
. . . . . .  ... 
. . . . . .  ... 

... 92 R. P. L. s.21 

03R. P. L ... s.p 

... 21 Virginis q. 

. . . . . .  9 Corvi B 
. . . . . . . . .  
. . . . . . . . .  

Date o i  
ob8emhion 

Dec. 8 

,J 9 

Dec. 9 

Dcc. 8 

,I  9 

O C ~ .  7 

Sep. 6 
Oct. 2 

,, 13 

,, 15 

,, 16 
Nov. 3 

,, 5 

, I  6 
., 11 

,, 13 

Oct. 28 

SQP 10 

NOV. 7 
DOC. 1 

J u t ~ e  3 

,, 4 

,, 5 

Nov. 15 

Nov. 4 

June 7 

June 3 

9, 4 

,, 5 

-- 

Blexn 
Polax Distance. 

1862. 

0 I M 

73 20 13.2 

29 11.9 

73 52 50.3 

71 9 24.2 

9 2.1.1 

5 25 144, 

5 3 3'2 

3 3.2 

3 3.7 
3 1.5 

3 9.8 

3 3.1 

3 8.8 

3 2.8 

3 8.0 

3 2.1 --- 

1 36 85.1 

3 38 54.8 

38 152.8 

38 54.5 

111 51 7.8 
51 9.0 

51 8.1 

2 47 49G 

I 32 7'8 

08 41 2@0 

112 38 0.0 

38 @.1, 

3s 1-3 
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B e p ~ a t e  Results of Madras Heridinn, Circle Observatiolzs in 1862. 
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Xeparate Resz~bts of M a d ~ a s  Merzdiafi Cfircle Observations i~ t  1862. 
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Beparate Results of Madras Meridian Circle Obseruatio?zs ilz 1862. 
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Separate Results  o f  Madras Meridian C i ~ c l e  Observations in 1862. 
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Heparate Results of Madras Meridian Circle Obsewations 4% 1862. 
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Sepa~ate Results of Mahas  Meridian Ci~cle Obsemratiolzs in 1862. 
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&parate Results of Madt*as AVeridiafz CCil-cle Ot.servations in, 1862. 
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Beparate Results of 3Ific1~us Meridian Ui~oZe Observations 4% 1862. 
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