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INTRODUCTION.

Tre first occasion, I believe, in late years, on which the attention of the
British public was pointedly called to the approaching Transits of Venus, was
my communication to the Royal Astronomical Society, dated 1857, April 8,
“ On the means which will be available for correcting the measure of the
Sun’s distance in the next 25 years.” This paper was not limited to the
consideration of Transits of Venus, a part of it being devoted to the Oppo-
sitions of Mars. Much attention, however, was given to the selection of
stations for observation of the Transits both of 1874 and of 1882.

On 1864, May 5, I addressed another communication to the same body,
relating only to the Transit of 1882, and to the necessity for a reconnoissance
of antarctic countries if an observation with the Sun below the pole should be
contemplated.

On 1868, October 10, I began a correspondence with the Hydrographer,
.Captain (now Sir George) Richards, on the general subject.

On 1868, December 11, I read a communication to the Royal Astronomical
Society, “On the Preparatory Arrangements which will be necessary for
efficient observation of the Transits of Venus in the years 1874 and 1882.”
This paper was accompanied with eight maps of the regions which appeared
proper for the observations of Ingress and Egress, accelerated and retarded
by Parallax, in the two Transits. An active discussion followed, in which the
Hydrographer and several Navy Officers took a prominent part.

Ou 1869, February 15, I sent certain papers to the Secretary of the
Admiralty ; on April 9 I wrote more formally with Estimate of Expense of
Instruments ; and on May 25 I sent a printed copy of the discussion of
1868, December 11, including also a paper by Mr. De La Rue on the
application of Photography. About the same time an Estimate was
furnished by the Hydrographer for expenses of travelling, residences, &e.
[Bach of these estimates proved ultimately much too small, the deficiency of
my own being mainly in respect of observing-huts and general packages. ]
Approval to a certain extent was given by the Admiralty, and instrumental
and other preparations were begun. Those transactions were reported to the
House of Commons on July 6.

Q 171. Wt 17091, a 2
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v TraNsiT OF VENUS, 1874,

The Board of Visitors of the Royal Observatory, at their meeting of 1871,
June 3, passed the following resolution :—* After a discussion it was
¢ resolved, that,—as the Board deem it most important that photographic-
‘ be combined with eye-observations at the approaching Transit of Venus,
“ an opinion in which the Astronomer Royal fully concurs,—the Chairman
“ apply to the Lords Commissioners of Her Majesty’s Treasury to sanction
“.a grant of five thousand pounds (5,0001.) for the purpose ; a sum which it is
“ considered will cover the cost of photographic apparatus and observations
“ for all the stations.” The Board of Admiralty requested my opinion on
this proposal, and in reply, though expressing myself guardedly on its success,
I gave my opinion in favour of it.

Meantime the general plan of the proposed Expedition had become the
subject of much public discussion ; and in particular, letters appeared in the
“ Spectator ” of 1873, February 8, and the * Times” of February 13, strongly
urging the adoption of Enderby Land (which after careful consideration I
had rejected) for a southern station. The Board of Admiralty sent these
papers for my opinion, and in my reply, dated February 21, after elaborate
discussion of the question, I declined to recommend that adoption. At their
Lordships’ request, my reply was communicated to the Royal Astronomical
Society, and it is printed in their Monthly Notice of 1873, March 14.

On 1873, March 22, a statement on the general plan was made to the
House of Commons.

Preparations had now advanced for collecting an efficient body of observers
from all classes, Naval, Military, and Civilian, and for their instruction at the
Royal Observatory in all the practical details of observation with the Transit,
the Altazimuth, the Equatoreal, and especially with the working model of
the Transit. Among the candidates who early offered their services was
Captain G. L. Tupman, R.M.A. I soon found that this gentleman might be
trusted with a large portion of  the superintendence of preparations and
instructions, which, amid the engrossing business of the Royal Observatory,
it was impossible for me to undertake completely. On 1873, March 21, 1
gave in an elaborate Report of -preparations, and stated that valuable
assistance had been received from Captain Tupman.

The Board of Visitors of the Royal Observatory, at their meeting of 1873,
June 7, passed the following resolution :—* That in consideration of the fact
“ that the successful result of the entire scheme of observation of the
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approaching Transit of Venus will depend to a great extent on observations
being made in the Southern Hemisphere, to compare with those which are
already amply provided for in Siberia and China, it is in the opinion of
the Board of Visitors very desirable that parties suitably equipped be
despatched to the South, in the hope of finding some additional practicable
¢ places at which the entire duration of the Transit may be observed.” The
Admiralty, in reply to the Board of Visitors, adverted to the voyage of the
“ Challenger,” and to the prudence of waiting for reports from that ship. I
may here state that subsequent information thus obtained justified the entire
rejection of the Heard Islands, on account of the extreme uncertainty of
communication (the Crozet Islands had been previously rejected for the same
reason), and indicated unexpected facilities in the adoption of the southern
part of Kerguelen Island. =~ :

On 1874, January 24, I placed before the Admiralty a general statement of
arrangements, and on March 11, Captain Tupman was first put in commu-
nication with the Accountant-General, the Director of Transports, and the
Hydrographer, for management of the expedition when afloat and of its
money-affairs. On May 4, in reply to a letter of the Admiralty, I offered my
strong testimony to the value of Captain Tupman’s services.

The greater portion of the observing parties sailed in the early part of
summer ; that for Egypt naturally much later than the others. Time,
however, was occupied by the Egyptian party at Greenwich in practice for
the operations with the long submarine telegraph. The several parties
returned at different times: the breaking up of their residences depending,
for the most part, on the completion of operations for longitude. On those
points information will be found in the several Parts of the following work.

Some advance had been made by each party in the orderly record and
partial reduction of their observations. As soon as Captain Tupman returned,
all the observers were placed under his superintendence, at the Royal
Observatory, for completing their share of the reductions and for measure
of the photographs. As the work of each observer was finished, he was
discharged from the service. The last was Lieut. Neate, R.N., from
Rodriguez ; his return was late, and his calculations voluminous; aud they
were not finished before October 1876.

From this time every calculation was subjected to the severe examination
of Captain Tupman.

On 1877, April 14, a member of the House of Commons gave notice to the
First Lord of the Admiralty of his intention to inquire, on April 19, when

-

[3

-

[3

-
-~

-

(4

~



vi \ Transit oF VENUS, 1874.

the Results of the Observations, &c. might be expected to be laid hefore
Parliament. 1In consequence of this, every effort was made by Captain
Tupman to accelerate partial reductions and to combine the results; and a
Return was made to the House of Commons, dated 16th July 1877, and was
ordered for printing on the same day. The substance of this Report, as
regards observations, &c. 1s entirely included in the details of the present
volume. :

In the meantime the affairs of the Transit of Venus were in great difficulty.
Captain Tupman, with scarcely any assistance, was occupied with the vast
mass of reductions. The Government, probably remarking the excess of
expenditure above estimate, refused to sanction his stipend beyénd 1878,
March 31. Captain Tupman then addressed to me the following letter :—

“ 1877, November 7.

“ T cannot allow a mere pecuniary consideration to prevent me finishing off
properly the work I have had so much to do with. The Lords of the
Admiralty will allow me to remain under you as long as you please, although
they cannot grant special salaries.

“ Perhaps things will be nearly completed by the end of March 1878. I
hope to see the work through the press, and all the books and stores left in
first-rate order.

“G. L. Topan.”

This determination of Captain Tupman was repeated on 1878, March 16.

With the assistance of one computer (whose salary was paid by myself for
a long time, but was ultimately reimbursed to me) Captain Tupman
continued his work gratuitously, examining severely every step of the
observers’ computations, and more especially all that related to instrumental
adjustments. Never, perhaps, was such an enormous mass of calculations so
severely criticized, and, where necessary, repeated ; but it lasted much longer
than had been anticipated. The authority of the Government had been
received for printing the results; and this, on the scale adopted by Captain
Tupman, added greatly to his labour. However, in the antumn of 1880
Captain Tupman, then about to quit the country, presented me with the
calculations and portions of introductions for each station, and with the
printed sheets for the observation-districts of the Sandwich or Hawaiian
Islands and Hgypt. Though anticipating for myself a heavy addition to
the labours of an office already sufficiently oppressive, I could but feel
grateful to Captain Tupman for the disinterested zeal—I may call it heroic—
with which he had laboured to bring the work to that point.
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The observations and reductions, I found, had been printed in great detail,
especially for the district of the Sandwich Islands. It was desirable that this
should be done to some extent as a general specimen of the operations; but
I now determined to print the remainder on the scale which I had intimated
in an address to the Royal Astronomical Society, published in their Monthly
Notice for 1875, March 12, “ In the accounts of transits it is sufficient to
“ give description of instruments and methods, constants of adjustments,
“ and tables of clock-errors, and analogous abstracts of comparisons of
* chronometers, &c. But it is necessary to give in the fullest detail
“ everything that bears upon the actual observation of contacts, or upon
““ the observer’s impression at the time of making the observation, or upon
“ the micrometer-measures, or upon the photographs and the measures
“ of the photographs, &c.; with sufficient description of the instruments and
“ their adjustments at the time. Clock Time and Local Sidereal Time are tc
“ be given for every observation.”

The carrying out of this change, though in its main feature it is a very
large diminution of the matter prepared for ‘press, yet, as it consisted of
sometimes extracting numbers, sometimes taking the means of numbers,
always requiring numerous references to the originals and to the first
calculations founded on them, has in reality employed much of my time.
It has, indeed, occupied all the hours, not engaged on routine business, on
which I could usually have reckoned for other matters of science.

In regard to the form in which the Results are to be presented to the
reader, I have thought it best to leave the reduced observations in the state
in which he will find them near the end of each Part. I have endeavoured to
give the Equations in the shape which will admit of combination in the
easiest way for the computer’s further operations—(whether he may desire to
use the Calculus of Probabilities for the whole, or to make any special
selection of combinations)—when he shall have decided on the recorded
phase of contact of limbs which he thinks best to adopt. The numerical
value of the first term of each Equation (on which all depends) will be
adapted to any time differing from that which I have used, by merely
expressing numerically in seconds that difference of time, and substituting it
for the symbol 4 ¢.

In regard to the photographs, of which I have given, in the Appendix to
this work, a general account, with sufficient details on the instruments
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employed for their treatment, I conceive it to be possible that some astro-
nomer may yet think them worthy of rediscussion. The photographs
themselves are carefully preserved at the Royal Observatory. I do not
imagine that any important improvement can be made in their measures ;
but perhaps.the number of photographs may be reduced by judicious
rejection of those whose definition is doubtful. And the theory of instru-
mental distortion, to.which I have alluded in the Appendix to this work, may
~ be considered. ‘

Tt was recognized in some of the photographs that the limb of Venus was
much distorted by atmospheric action; a corresponding distortion might be
expected in the Sun’s limb. And it was believed by some of the measurers
of the photographs that irregularities of the Sun’s limb, amounting to two
or three seconds, produced uncertainty in the measures of the photographs:
if that irregularity be real, it might be expected also to produce error on the
same scale in the optical observations of contact.

G. B. AIRY.

Royal Observatory, Greenwich,

1881, June 6.
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TRANSIT OF VENTUS, 1874.

PART I

Exeepiriox 10 THE Hawairan (Saxowich) Isvanps.

SECTION [..—-HONOLULU.
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Runs of Micrometers, and PO“IthD of the Altammuth 1’1er
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Vovage, AND HSTABLISHMENT AT HoNoLuLu.

1. The Expedition destined for the Hawaiian Islands left England in two
detachments on board the Pacific Steam Navigation Company’s steamships
Illimani and Britannia, starting from Liverpool 1874, June 3 and June 17
respectively, and proceeding by way of the Straits of Magellan to Valparaiso.
At the latter port, H.M.S. Scout, Captain R. P.-Caror, R.N., by the orders of
Vice-Admiral the Hon. Arthur Cochrane, C.B., was awaiting their arrival,
and, having transhipped the baggage, she sailed on the 4th August with all
the Expedition, and arrived at Honolulu September 9.

2. The time occupied by the long voyage was usefully employed in
preparing auxiliary tables to facilitate the reduction of time and other
observations on the spot. Thus the Apparent Right Ascensions of all the
Greenwich Clock Stars not included in the Nautical Almanac Fundamental
Catalogue for 1874 were computed for intervals of 10 days between the dates
likely to be required.

3. An elaborate set of meteorological instruments having been lent to
the BExpedition from the Meteorological Office in London by the Director,
R. H. Scort, Esq., an accurate journal was kept during the voyage, in which
the state of the instruments, weather, &c. was recorded every four hours.*

4. On arrival at Honolulu the Expedition was most cordially welcomed by
His Majesty King KaLagava, and by the Ministers of State. The Expedition
was greatly indebted to His Excellency Mr. W. L. Green, Minister of Foreign
Affairs, and to Major James Hay Wopenouse, Her Britannic Majesty’s Com-
missioner, who, from first to last, exhibited great interest in and materially
aided all the operations.

5. A good site was obtained without difficulty, through the active co-
operation of Captain Daniel Smits, the harbour master.

His Majesty the Kina placed at the disposal of the Expedition, rent free, a
suitable piece of open land in the southern extreme of the town. To enable
the party to be lodged conveniently near their instruments, H.R.H. the

* Tt may be stated here that the Meteorological Journal was continued during the stay of the

Expedition at Honolnlu, and has since been deposited at the Meteorological Office, Victoria Street,
Westminster.
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Princess Rutn, at the suggestion of Governor Dominis, of Oahu, considerately
vacated her own house, known as Hoxvagama Haig, and allowed it to be
rented on liberal terms.

8. It is difficult to do justice to the exertions of Captain R. P. Cator, R.N.,
of H.M.S. Scout, who remained at Honolulu until the middle of December,
and of Commander VAN der MeurLen, R.N., of H.M.S. Tenedos, to whose
careful forethought and continual personal superintendence the success of
the Expedition was in no small degree due. After the tedious operations
of transporting the chronometers backwards and forwards to the Islands of
Hawaii and Kauai, the Tenedos was succeeded by H.M.S. Reindeer, Commander
C. V. Axson, by whose cordial co-operation the outlying parties were brought
back to Honolulu, and the Expedition finally taken to San Francisco on its
way home.

7. Mr. David FrirNer, of Honolulu, who himself successfully observed the
Ingress of Venus at Walakiki, most generously lent a number of marine
chronometers to assist in the longitude operations. Captain D. Smiti also
lent a chronometer for the same purpose.

8. I cannot close these remarks without recording the friendly welcome
accorded to the members of the Expedition by the American and British
communities of Honolulu. It would be invidious to mention a few names
when all were so kind and hospitable that the reminiscences of our six
months’ sojourn on that far distant island will ever be of the most agreeable.

PERrsONNEL.

9. The observing party at Honolulu consisted of Lieutenant F. E. Ramspex,
R.N., who undertook the management of the Photographic Department,
and also assisted in astronomical observations; Lieutenant (now Captain)
E. J. W. NosLe, R.M.A.; J. W. Nicuor, Hsq.,* F.R.A.S., formerly assistant
at the Royal Observatory, Edinburgh ; and myself. In the following pages
these observers are distinguished by the letters R., No., Ni.,and T. respectively.

10. There were also attached to the Expedition Lance-Corporal Curry and
Sappers M. Meins and J. Myers, Royal Engincers, who rendered most effective
assistance generally, and in the Photographic Department especially, and
voluntarily kept the four-hourly Meteorological Register during our stay at
Honolulu.

* Mr. Nichol died in November 1878.
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Plar of a portion of Honolulu showing the positvon of the Iransit of Venws Station.
The smaller plan shows the posiion of the Station with. regard. to the principal
ponts of the Government ITrigenometrical Survey.
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Position or THE StaTiION AT Hoxonuru.

Tar Site aAr Hovorvrv.—Plates I. and I1.

11. The open piece of grass land in the district called Apua is situated
south of Punchbowl Street and west of Queen Street. A portion, in every
way suitable for our purpose, was enclosed with a wooden fence, and the
instruments, &c. were there set up, as represented in Plate II. The actual
site of the Transit Pier was 300 feet from the centre of Punchbowl Street,
420 feet from Queen Street, 910 feet from the flagstaff on the New
Government Buildings, and 1,040 feet from the spire of Kawaiahao (stone)
Church.

12. From a point 14-75 feet due south of the centre of the Transit Pier the
following true bearings and distances were taken, to determine the relative
positions of the instruments, and to connect the station with the Government
Trigonometrical Survey : —

o] ’
Spire of Kawaiahao Church................ N.62. o E. 1,040+ feet.
Trig. Survey Station on Punchbowl Hill ..... N. 49.44 E. 5,104 b
S 3 i Mount Tantalus, . ... N. 55.26 E.
A kS . Diamond Head...... S. 46.32 E.
Center of Photoheliograph Pier ............ N. 76.30 E.  28°3 feet.
- AltazimathrPier ™ LU0 L. S586% S7AR o 3He A
. 4l-.inch Equatorial .............. S. 5. gE. 350 .
o 6-inch =000, Gt o et T SIRD2e02 Ze B oL O

13. In or about the year 1845 Professor Lwmax, now of Yale College,
Connecticut, then residing in Honolulu for the benefit of his health, made a
number of meridional observations of the Moon in order to determine the
longitude. It is supposed that these observations have never been published,
but their utility was such that in 1874 the Hawaiian Surveyor-General was
still using the longitude communicated to him by Professor Lyman. The
observatory and transit instrument of Professor Lyman passed into the
hands of Davip Frirser, Esq., chronometer maker, of Honolulu, and in 1874
they were in perfect order. The position of the observatory is shown in
Plate I.

14. In the year 1868 M. Freuriais, deputed by the Bureaw des Longitudes to
determine the longitudes of various points in South America, established
himself at Honolulu. With the friendly assistance of M. BarLuiky, Commis-
sioner for France, the actual site of M. Fleuriais’ Observatory was recovered
through some remains of the masonry of the Transit Pier which were found
in situ cn the coral rock, five feet below the surface of the road. by the
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workman who had built and who had afterwards removed the brickwork.*
It was situated on the north side of Emma Street, immediately opposite to
the end of Adam’s Lane.

15. At my request, Mr. J. N. Gay, surveyor, of Honolulu, kindly made the
following traverse with a 5-inch theodolite and 66-foot chain, to connect the
station at Apua with the observatories of MM. FLEuRIAIS and FLITNER.

Theodolite Stations. ! True Azimuth, | EI: ;ﬁﬁcﬁ;ﬂt, i _—
A to BY | North. 14°75 In the direction of the North
Bt C North. 295°5 Meridian Mark.
CtoD N. 76°. 40'. E. 261"
Dto E N.38°. 34 W, 950° Dto Z, N. o°% 37". W.
EtoF N. 55°. 38’. E. 1251°5 T to Z, S. 68° 32'. E.
F to G N. 552 34". W. 893°5
Gto H N. 41°.57".'E. 79°
G tol N. 60° 41°. E. 320"
I to K N. 88°. 30'. E. 217°5
Kto L N. 88° 30". E. 341"
Lto M S. 30°% 41". E. 498"
Mto N S. 54°. 31 W. 459°5
Nto O SH3gs- U654 1. 961°5
Oto P S. 48% 21 E. 559°5
P to D Not observed. 648"

A. Position of Mr. Gay’s theodolite within the enclosure at Apua.
B. The center of the transit pier.

H. The center of Mr. Flitner’s transit pier.

K. M. Fleuriais® transit pier (restored).

Z. The flagstaff on the Government Buildings.

16. From the above, M. Fleuriais’ pier was 2,474 feet north and 456 feet
east, and Mr. Flitner’s pier was 2,370 feet north and 12} feet east of the
center of the transit pier at Apua (see the section Liongitude of Honoluln).

17. A stage was erected near the southern angle of the enclosure to carry the
telescopes used for observing the model. Water was laid on from the main in
Punchbowl Street. There were two taps on which to attach hoses in case of
fire (the fire buckets and tubs were always kept filled), and three other taps
for photographic and other purposes. Corporal Currie, Sappers Meins and
Myers, R.E., lived on the premises, and the observers’ residence, Honuakaha
Hale, was about 130 yards distant on the other side of Punchbowl Street.

* To preserve this site I erected a small brick pier, the top of which was left about one foot
below the surface of the road.

t The lines of the traverse are shown in Plate I. by a dotted line. The reader, following the
Azimuths given above, will without difficulty identify the points B, C, D, &,



Plate 11.
Transic of Venus, 1874 December 8.

Plan of the Observing- Station. at Apua, Honolulw.
Latitude of the Altazimuth Pier 21.17.56.9 Novth ; Longitude 107 20™ 26° 3 West
of Greerwich.
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TrANSIT INSTRUMENT. 9

18. In this part of the town the coral is covered by some four feet of
very light sandy soil. -Although high-water mark was half a mile distant,
the tide percolated through the coral and rose many inches above its
surface, but in no way interfered with the stability of the piers, which were
set with cement. .

Tue Transit CLOCK.

19. This was constructed by Messrs. E. Dent and Co., of London, in 1870,
and was numbered 1916. The compensation of the pendulum was effected
by their well-known cylindrical combination of zinec and steel. The clock, in
common with all the clocks employed on the Transit of Venus Expeditions, was
tested for a long time at the Royal Observatory, Greenwich, under very trying
variations of temperature, and its performance was excellent. At Honolulu
it was mounted on a massive tripod of mahogany and iron, which rested upon
three stakes driven 2 or 3 feet into the ground. It was wound every Sunday
at noon. The suspension spring of the pendulum was changed, 1874,
November 7, after which the rate was remarkably steady (Tab. V.).

TeE TrANsIT INSTRUMENT.

20. Five transit instruments, precisely similar in all respects, were con-
structed for the Expeditions by Messrs. Troughton and Simms. One of these
was used at Honolulu. The object glass was very nearly 3 inches clear aperture
and 363 inches focal length. The axis, consisting of central cube and cones,
was cast in one piece. Its length from shoulder to shoulder (that is,
exclusive of the pivots,) was 18 inches; the pivots were 1} inches long and
1} inches diameter. The cube was of 6 inches side; the comes were
5% inches in diameter at the cube and 2} inches at the shoulder. The two
tubes whicl, with the cube, formed the telescope, were 4} inches in diameter
at their attachment (by flanges) with the cube. When the dew cap was on,
the instrument weighed 44 lbs., and was perfectly balanced on its pivots,

21. The system of webs, consisting of 5 vertical webs, at intervals of about
3}, and two horizontal webs, about 5" apart, was mounted on the plate driven
by the micrometer screw, so that the whole system moved when the screw
was turned. The head of the micrometer screw was divided on silver te
100 parts, and was provided with a movable brass cover to prevent it being
accidentally turned when not actually in use, as when observing time-stars.
The thread of the serew was kept bearing in one direction by a spiral spring

B
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within the box, as with all Messrs. Troughton and Simms’ micrometers.
There was no perceptible ““loss of time” in any one of them. The eye-piece
was moved rapidly from wire to wire by a quick screw, the milled head of
which was opposite to the micrometer-screw-head. The illumination of the
wires was effected in the usnal way by lamp-light passing through one of
the pivots on to a gilt reflector, regulated by a rod leading down to the
eye-piece. There was a polar distance setting circle 4% inches diameter
on each side of the tube near the eye end.

22. A solid pier of brick and cement, 6} feet by 3} feet at the top and
somewhat larger at the bottom, was built up from the coral (previously
levelled) to about the surface of the ground. On this was laid, levelled,
oricnted, and cemented a great stone, 6 feet by 3 feet and 6 inches thick,
weighing 1,500 Ibs.  After the cement had well set, the stone piers were
placed in position. These piers were 4 feet 11 inches high, 24 inches by 21 at
the base, and 11 inches square at the top, and weighed nearly 1,400 Ibs. each.*
The Y’s were of massive construction, one having an adjustment for azimuth
the other for level. They were attached to the tops of the piers by heavy
sockets cemented into the stone. The supporting faces of the Y’s were
inclined 90°, and were rounded so as to touch a very small surface of the
pivots. When the instrument was thus mounted, a heavy blow with the fist
administered to the top of one of the piers merely produced a momentary
tremor of the optical image of a distant object.

23. The instrument was provided with three eye-pieces of powers 45, 75,
and 120. The power of 75 was always used at Honolulu. A small prism of
total reflection could be attached to the eye-piece for the more convenient
observation of stars near the zenith.. The shape of the piers left plenty of
room for the observer to sit between them.

24. For determining the level-error, the instrument. was fitted with a
Bohnenberger eye-piece and mercury trough, and with a hanging level of
delicate construction graduated with about 12 divisions to each inch, 46 of
which were equivalent to one minute of arc. The divisions were numbered
from O to 100, the readings increasing towards the cross-level. The glass
bubble itgelf was protected by a covering of plate glass. The value of the
graduations was re-determined by the makers just before the expedition
started, several years after the instruments were made.

* Three great stones similar to these, forming the mounting of the transit instrument, and the
woodcn observatory, 13 feet square, were sent out from England with each expedition.
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25. The equatorial intervals of the wirves were determined from 500 transits
of clock stars, and 32 transits of close circumpolar stars. No accident
happened to the wires during the four months of observations. The wires
were named @, b, ¢, d, e, the wire a being farthest from the micrometer-screw-
head. The equatorial intervals finally adopted were—

a = + 28483
= + 14°413
= o° 000 pFor micrometer east.
d= — 14384
e = — 28426

Consequently, to reduce the mean of the five wires to the center wire, the

6
correction, with micrometer east, is - SIE—NOITC;)— For all stars within 30° of

the equator this correction has been taken as = - 002 (micrometer E.)

26. The value of one revolution of the micrometer screw was obtained from
very numerous observations of close circumpolar stars, chiefly of Polaris.
Altogether there were made 64 separate determinations at different parts of
the screw, each obtained from at least five bisections, all tending to show
that there was no sensible drunkenness or error periodical on one revolution.
The adopted value is 56-251.

The integer revolutions of the screw were read from a comb in the field
of view by means of the center wire ; they were numbered in the observation-
book so that the 20th revolution (20"000) occupied the optical center as
nearly as possible, with increasing readings fowards the head. Thus 227000
signifies that the system of wires was moved two revolutions from its central
position towards the micrometer-screw-head.

27. The Error of Level of the transit axis was generally determined, with
the hanging spirit-level described above, once or twice with every batch of
time stars and with every circumpolar star observed for azimuth error. The
relative position of the pivots, both in level and in azimuth, was subject to a
regular diurnal variation. During the night the east pivot sank from 2" to 3”,
and moved to the north about the same amount. The adjusting screws were
touched on 1874, October 5, after which date the level-error remained small
and steady. Several shocks of an earthquake on 1874, December 28, pro-
duced no sensible alteration in the position of the instrument.

28. The correction to the level-error, as found by spirit-level, for inequality
of the diameters of the pivots, was found, by repeated reversions of the
instrument, to be on—



12 Transit oF VENvs, 1874. Hoxnoruru.

"
1874, October 2, +0°'042 with micrometer west.

) 15, 40047 sy IE)
November 20, +0°085 25 0
%) +o.052 vir) N3

The adopted correction for inequality of pivots is 407'06 micrometer west.
The observed level-errors are given in Table I. The level-error adopted in
the reductions for a group of stars has always been the mean of the deter-
minations, by the same observer, accompanying the group.

29. The Error of Collimation of the transit instrument. There is no doubt
that, during the long outward voyage, the ring clamp, on which the rigidity
of the connection between the system of wires and the body of the instrument
depended, became siightly loose, and that this escaped detection until
November 6. Two or three times, during the month of October, parts of the
eye-end connected with the micrometer were removed under the impression
that they caused the uncertainty in the position of the optic axis. On
November 6 the ring clamp above mentioned was tightened, after which
there was no further trouble.

80. At first the collimation-error was determined by observing a close
circumpolar star with reversed positions of the transit-axis. A few minutes
before the star came to the meridian, the observer removed the brass cover of
the micrometer-screw-head, set the center wire to some quarter of a revolution,
and allowed the star to transit the center wire. The micrometer was then
turned a quarter of a revolution or other known quantity, and another transit
of the center wire observed. Five or six such observations were taken before
the star came to the meridian; the instrument was then reversed, and the
star observed in transit over the center wire with the micrometer suceessively
set to the same readings as before, but of course in reverse order. The
level-errors for ‘these two sets of observations should differ by twice the
inequality of pivots; but generally the level-error was determined before
and after, and applied as found. ]

31. On 1874, October 5, a stout post with a “J* cross head was set up on
the north side of the transit-hut, to support a telescope of 30 inches focal
length with cross webs in the focus of the object glass. The post was
entirely protected from the direct rays of the sun by screens of rushes. The
observations of this collimator were generally made at night. The transit
instrument was always reversed twice because the collimator was not always
perfectly steady. After November 4 the meridian mark was more generally



TraxsiT INsTRUMENT. MERIDIAN MARK. 13

used. The mark (or the cross of the collimator) was bisected five or six
times with the center wire. The observations of the meridian mark are
given in Table III.

32. As the whole system of wires moved with the micrometer-screw, the
error of collimation is always the difference between the actual reading of
the micrometer and the reading which corresponds to zero, or when the .
center wire coincides with the optic axis. If M be the former, Z the latter,
and R the value of 'one revolution, the collimation-error in arc is given with
its proper sign for micrometer east by .the formula—

+ (Z — M)R.

The readings for Z as determined by observation are shown in Table II.
The adopted reading and M are given each day with the transits of stars.

33. The Azimuth-Error of the transit instrument was found in the usnal
way by combining observations of Polaris, 8 Ursee Minoris, Cephei (Hev.) 51,
or A Urse Minoris, with those of clock stars. Some difficulty was experienced
in setting up a meridian mark at a proper distance. To the sonth the sea-
shore was too near; to the north there was no choice; the crest of a range
of hills four miles distant, and very difficult of access, was the only available
place. On November 4 Mr. Nichol, accompanied by Mr. C. J. Lyons, of the
Government Survey, who was well acquainted with the country, with a party
of native workmen, ascended the mountain to the height of 1,540 feet, and
erected the mark exactly on the crest of the hill, so that it showed out in
bold relief against the sky at an altitude of 3° 40". The mark itself consisted
principally of two vertical posts of timber, 16 feet long and 4 inches by 3 in
section, planted with 4} feet of their length in a stiff red clay, and shored
up with four stout stays. The clear space between the inner surfaces of
the posts was 994 inches, and subtended 8705 as seen from the transit
instrument ; its center was afterwards found to be "about 10 inches east of
true north, and to be 21,218 feet from the transit instrument.

34. The mark was observed for azimuth-error, after sunset, and as early as
possible every morning, the center wire being placed by estimation centrally
between the two posts. These observations showed a nearly regular diurnal
movement of the optic-axis in azimuth of about 3", the telescope pointing
more east in the morning than in the evening. It was never possible to
observe the mark during the heat of the day. In order to determine the
absolute azimuth of the mark and the law of the azimuthal change of position
of the instrument, the mark was illuminated through a hole in the center,

c2
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4 feet from the ground, from sunset to sunrise on the nights of 1875,
February 6, 7, 8, and 9, and its image bisected with the micrometer every
half hour. The hanging level, which was left in position and reversed only
occasionally, was read at the same time; while as many circumpolar stars as
possible were observed.

The results of the four nights’ observations showed that the direction of
the optic axis moved steadily to the eastward (when the telescope was pointed
to the north) from sunset until 11, 30™ mean time. It then remained steady
until sunrise. The observations of the mark corrected for level-error, com-
pared with the stars, give the following absolute azimuths of the center of
the mark from the center of the transit instrument :—

”

1875, February 6, § Urse Minoris ....... 966 east of north.,
Cephei 51 .veveveeens 7°85
oY 7,  Ursee Minoris ....... 6°95
Cephei 51......00.... 8413
A Ursze Minoris ....... 788
Polarig’S. BN TSR 2]
35 8, 3 Ursz Minoris ....... 9°20
A Ursee Minoris....... 8°53
RolarisiSBak: /. b e o 767
% 9,  Ursee Minoris ....... 8-10
Cephei, STz LT NGty 8°85
A Urse Minoris ....... 9°44

Polanis [SUR S8 AL R 8-88

The adopted absolute azimuth is 8”-32.

35. On 19 mornings there ‘are observations of Polar Stars not very long
before the mark was observed. Assuming that the instrument was steady in
azimuth after midnight, each of these gives a determination of the absolute
azimuth of the mark. The mean of them is 8”23,

36. The azimuth-error adopted in the reductions for a group of stars has
been found in the following manner:—If the middle time of the group is
later than 11" 30™ mean time, a mean has been taken of the azimuth-errors
found from circumpolar stars and the morning observation of the meridian
mark. For example, on 1874, November 22, Table III., there are four
determinations of the Error of Azimuth after midnight (three by circum-
polar stars, one by the meridian-mark), the mean of which has been used
in reducing the group of clock stars observed after midnight. When
the middle time of the group falls before 11*. 30™ mean time, it has been
assumed that the change of azimuth, denoted by the difference between the
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evening and morning observations of the mark, took place with uniformity
between the evening reading and 117, 30™ mean time. If the mark has not
been observed in the morning, the mean change 2”5 has been used, and a
proportional part applied to the evening observation of the mark. This
azimuth-error has then been combined with those obtained from circumpolar
stars. For example, on November 13, Table III., the difference of azimuth
by the evening and morning readings of the mark is 37-37. Clock stars were
observed at about 10, that is, four hours after the observation of the mark.
It is assumed that a change of 2”45 took place in those four hours, and that,
therefore, the azimuth-error by the mark was —07-92. The error used for
the group is the mean between this and —0”-72 found by Polaris at 9". 40™.

Table III. contains the whole of the determinations of azimuth-error and
the observations of the meridian mark.

TRANSITS OF STARS AXD OF THE MooN oBSERVED AT Hoxoruru, ANp DEDUCED
Error oF THE TraNsiT-Crock Denr 1916.

37. The stars observed for clock-error were taken from the catalogue of
clock stars in use at the Royal Observatory, Greenwich. The Mean Right
Ascensions were brought up to the beginning of the year from the Greenwich-
Catalogue of 2760 Stars, Epoch 1864, and are identical with those adopted at
the Royal Observatory. For those stars found in the Nautical Almanac the
apparent places have been taken from that work, a small constant correction
being applied to reduce them to the standard of the 1864 Catalogue. The
Moon Culminating Stars, for which good places have not been recently
obtained, have been rejected. The Apparent Right Ascensions of such stars
of the Greenwich list as were not in the Nautical Almanac were bronght up,
during the outward voyage, for every ten days of the period during which
they were likely to be required.

38. In reducing the observed transits of clock stars the mean of the five
wires has been, for convenience, reduced to the center wire by the correction
002, additive when the micrometer was east. The diurnal aberration has
been taken as follows :—

FOTHOIATTRI R nteptoy Moty ctose) o Ao 5 o*8o0
a0, Lraee MIDOTis: ioleo? armaenods 0°'32
S e N R GO A 0°40
ys A Urse Minoris ..ovvvivvnss, 1°03
,» all the Clock Stars........... co2

These quantities have been applied to the Apparent Right Ascensions
throughout.
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39. For the convenient application of the corrections for level, collimation,
and azimuth, a table of factors was computed for every degree of N.P.D.,
similar to that contained in the Introduction to the Greenwich Observations.
Similar factors were computed for the four azimuth-stars for every 15 days.
For the more accurate reduction of circumpolar stars observed rather far
from the meridian, and of imperfect transits of clock stars, the collimation
factors were computed to four places of decimals. The observations of
circumpolar stars more than eight minutes of time from the meridian have
been reduced by the rigorous formula.

40. The clock-correction was required for (1) the transit of the Moon;
(2) the Altazimuth observation of the Moon; (3) the comparisons of travel-
ling chronometers; and (4) for latitude observations. No night was allowed
to pass without the clock and instrumental errors being determined, if
possible; and a sufficient number of observations were made to obtain the
relative personal equations of the observers; which was necessary, because
the observation of the Moon with the Altazimuth was too fatiguing to admit
of many stars being taken by the same observer.

41. The observed Transits of the Moon and Stars, as arranged in Table IV.,
require little explanation. The day commences at noon, 10" 31= later than
noon at Greenwich. The reading and position of the micrometer are given
(in the third column) for every star, it being understood: that a given reading
is to be carried down the column until a change occurs: In_this column the
adopted reading for zero of collimation for the day is also given in a bracket,
thus [20°070]. It generally: applies to all the observations made in one night,
but occasionally different values have been nsed for different observers. When a
circumpolar star has been observed with reversed positions of the transit-axis,
the two observations are separately reduced. The clock correction proper to
apply to the true transit of the Moon’s limb is entered in the eighth column
in a bracket, thus [20'86], on October 17, Table IV.

-42. It has been considered.sufficient to print in detail the transits of the
stars observed with the Moon, and those observed for azimuth-error on the
days when the Moon was observed with the Altazimuth. All other transits
are omitted. Hach observer’s mean result for clock error is given in Table V.

43. Determination of the relative pwsoml equation i observing transits of stars
of the observers at Honolulu.

In the following table T — R = +O‘ 22 signifies that T makes the clock
0*22 more slow than does R. The numbers are obtained from Table V. by
interpolation.
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T — No T—R No — R
8 s 8
1874, Oct. g —-14 1874, Oct. 8 + ‘o8 1874, Oct. g + 32
21 — 15 9 +°18 20 — ‘07
22 416 17 + ‘10 22 4+ ‘10
Nov. 13+ 08 22 + ‘26 24 + ‘og
23 + ‘o8 Nov. 8 + ‘12 25 — ‘14
27 + ‘o7 12+ 26 26 + ‘o7
28 ~— o1 16, + 11 y 27 +°13
Dec. 1 — 05 23 17 Nov. g + 19
3 —0b 27+ 14 14 ++ ‘10
8 —-o4 28 + 34 15 | + ‘24
2g -+ 03 29 + ‘22 23 + °0g
1875, Jan. 1+ *05 Deec. 13  + 26 27  + ‘07
26 4+ ‘04 1875, Jan, 2 4 32 28 4+ 35
28 + ‘o2 4 + 16 30 + ‘19
30 + ‘o4 6 + 20 Dec. 4 —‘o2
8 + 19 5 4 °20
9 + 14 7 +°20
LOLe -1 24 9 + °20
11 4 22 10 + 31
13 415 11 4+ 18
2708 2G 15 4 ‘og
29 + ‘20 16 — 06
1% <0
J 29 + 38
3o + -21
1875, Jan. 23 + 06

The adopted personal equations are—
Until 1874, December 17, inclusive,—

0 = 00

Ne$ Y= *00

R = 416
After December 17,—

T = ‘00

No = + ‘04

R = - ‘22

44. The Adopted Errors and Rates of the Transit Clock are shown in Table V.
The mean of each observer’s group (omitting, of course, the circumpolar
stars) is taken and corrected for personal equation, and the mean for the
night is then found. The loss in 24 hours corresponds to the middle time
between the times for which the error is adopted. The adopted rate cor-
responds to the time for which the error is adopted. This adopted rate has
only been used during the six hours preceding and following the time to
which it corresponds. At other times the *loss in 24 hours” has been used
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as the rate. The clock-error proper to apply to the transit of the Moon’s
limb is explained on page 23.

THeE ArtazZIMUTH INSTRUMENT AND OBSERVATIONS OF ZENITH IDISTANCE.

45. Three instruments for zenith distance, rotating round vertical axes
(frequently called Altazimuths, though possessing no accurate graduation in
azimuth,) precisely alike in every particular, were constructed for the expe-
ditions to Honolulu, Mokattam, and Rodriguez, by Messrs. Troughton and
Simms. Bach of these instruments had two vertical circles attached to the
horizontal axis which carried the telescope. They were 14 inches in diameter,
and were divided on silver to 5 spaces. One circle was read by four
micrometer-microscopes, supported by radial arms cast in one with the
rotating body of the instrument. One revolution of each micrometer-screw
was intended to be 60”. The movable micrometer frames carried two parallel
wires of spider’s web instead of the usual cross. The probable error of
bisecting a division of the circle with one microscope was something under
1”.  The other circle was read by the pointer on the other side of the
instrument, where also was the illuminating lamp. Two zenith-distance
levels, each divided approximately to 2", were attached to the arms which
carried the microscopes. The value of the divisions engraved on the levels
were re-determined by the makers just before the Expeditions started.

46. The horizontal axis, telescope, and circles, were built together like a
transit-circle. The object-glass had a clear aperture of 200 inches and focal
length of 20 inches. The reticule consistet of five horizontal and six vertical
webs, but the latter were only employed to define the middle points of the
horizontal webs. The eye-piece used for all observations was a four-glass
diagonal, power 33. The pivots were three-quarters of an inch in diameter,
and were both pierced. The circles were interchangeable, and could be
turned on their axes; but their positions were not altered during these
observations.

Circles of plate glass, parallel to and concentric with the graduated circles,
were placed outside the framework to protect the levels from the heat of the
observer’s body and reading-lamp. The illuminating-lamp was on the side
opposite to the microscopes. The horizontal circle (which was only used for
setting in azimuth) was 12 inches in diameter, and was read by two verniers.
'T'here were clamps in zenith-distance and azimuth, the former with a fine
glow-motion screw, the latter with a rather quick screw, which was turned
during a vertical transit to keep the object at the middle part of the



ArrtaziMUTHE INSTRUMENT. 19

horizontal wires. For adjusting the verticality of the principal axis, two
sensitive levels were attached to the lower portion of the revolving body. A
sensitive striding level could be applied to the telescope axis, and the instrument
could be used as a portable transit by clamping it on both sides in the meridian.
The solid tripod base of the instrument stood upon three brasses let into a
thick slab of slate, which formed the head of the pier. Each instrument was
protected by a wooden hexagonal hut about eight feet in diameter, with a
revolving roof, slit, and shutter, and was accompanied by a secondary
sidereal clock with wooden pendulum rod, which was intended to be com-
pared with the transit-clock, before and after every observation, by the
intervention of a mean time half-seconds chronometer. A mercurial barometer,
an aneroid, and thermometers, were also supplied. At Honolulu the instru-
ment was supported by a solid pier of brick and concrete founded on the coral.

47. The observer first opened the hut as much as possible to let the instru-
ment take up the temperature of the external air. He then compared a mean-
time half-seconds chronometer with the Transit-clock and Altazimuth-clock by
coincidence of beats, and recorded the barometer and extermal thermometer.
When the observations were concluded, the clocks were again compared, this
time commencing with the Altazimuth-clock ; and the barometer and thermo-
meter again recorded. :

48. When observing a vertical transit, the zenith-distance levels were read
before and after the tramsit, and the microscopes were read last. For a
latitude observation, in which the instrument is not, of course, moved in
azimuth, the levels were read immediately after the bisection.

49. For determining the zenith-point and intervals of the horizontal wires
independently of the stars, collimating arrangements, similar to that described
with the transit instrument, were set up on the south and east sides, and the
same reversed telescope was used. This collimator was perfectly steady in
zenith distance, and by its means the intervals of the horizontal wires from
their mean were accurately obtained as follows :—

Day. g Wire A. Wire B. Wire C. Wire D. Wire E.
=)

1874, Oct. 10 NI | + 6. 328 + o 6593 + o. 41"43 =3 41167 = 6y g;fg7
ys Octsinr NI 440 580 310 350 g'80

,s Dec. 18 NI 522 7:32 482 6+38 10728
1875, Jan. 30 | N1 394 6'44 354 4°86 906
.y dJan. 31 n 4'82 7°22 362 488 10°78
Mean 'adopbed cof oo | 46, 433 | +3. 674 | o 376 | —3. 486 | —6. 998

a) D
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The distance of the wire C from the mean of the wires. was also found,
from the times of 90 vertical transits, to be ‘00479 of the interval from
A to E. Taking this interval at 734”3, C is distant 3”52 from the mean.
The value 3”76 has been adopted, and for convenience has been applied to
the zenith point, which is always greater by this amount for transits over all
the wires than for observations with the center wire only.

50. The mean corrections for the runs of the four micrometers for 100/’

were obtained as follows :(— ,
Correction No. of
Day. Observer. | for Runs for Determina-
100”. tions,
'

1874, Sept. 30 NI — 022 4
Oct. 6 NI — 023 4
s 3 b — ORI 2
LS NI — 008 4
b 1) NI — 023 4
Nov. 12 NI — o021 4
Dec. 3 NI — 024 4
1875, Feb. 1 NI — o029 4
oy 1.5, T — 035 4
o B T — 023 4

The mean —07-21 has been adopted throughout.

51. The Altazimuth pier was 103 feet east of the Transit pier, corresponding
to a difference of time of 0~074. This correction should have been applied
to the Altazimuth clock-error, but it was overlooked until the reductions had
proceeded so far that it was more convenient afterwards to apply the
necessary correction to the longitude (sce page 27).

52. The Errors and Hourly Rates of the Altazimuth Clock used in reducing
the zenith-distance observations are shown in Table VI. All the comparisons
of the solar half-seconds chronometer with the two clocks were made at the
instant when the beats coincided. The clock was made by E. Dent and Co. ;
the pendulum rod was of wood. It was compared with the Transit Clock
before and after every set of observations with the Altazimuth.

Tue LATITUDE OF THE ALTAZIMUTH PIER.

53. The latitude was determined with great care, with the object of serving
as a point of reference for the Trigonometrical Survey of the kingdom of
Hawair undertaken by the Government of His Majesty King Karnakava, and
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which, under the able management of Professor W. D. Arexanper, had
already made great progress when the Expedition visited the Islands. The
stars selected were such as had been well observed in N.P.D. either at
Greenwich, the Cape of Good Hope, Melbourne, or Oxford, and were equally
distributed north and south of the zenith of Honolulu. Table VII. contains
the adopted places of the stars and the separate determinations of N.P.D.
that have been used. For stars south of the Equator a preference has
been given to the N.P.D.s determined at the Cape Observatory and at
Melbourne. A

54. The observations for co-latitude are shown in the Table VIII. The
fourth column contains the time by the Altazimuth Clock, when the observer
bisected the star with the middle part of the center horizontal wire, by
turning the fine zenith-distance slow-motion screw. The error and rate of
the clock have been given (Table VI.). The fifth column shows the position
of the instrument, by the illuminating-lamp being on the observer’s right or
left hand as he faced the star. The sizth column contains the concluded
circle-reading as obtained from the mean of the four microscopes corrected
for runs. The seventh column contains the level indication, which is one half
of the sum of four readings corresponding to the ends of the bubbles; for
each level had 30 divisions to the minute.

The refraction in the cighth column has been computed from the Tables of
Bessel’s Refractions in the Appendix to the Greenwich Observations, 1853,
and then multiplied by the factor 0°9947. [Mr. Stone, Monthly Notices of the
Royal Astronomical Society, 1867, November §].

55. The Mercurial Barometer, A, Casella No. 352, and External Thermo-
meter were tested at the Royal Observatory, Greenwich, and were found to
have no sensible errors. The former was suspended under the thatched
covering of the East Collimator, where the temperature at night, as indicated
by the attached thermometer, was always from 1° to 2° higher than the
external air. The latter was attached to the north side of the Altazimuth
hut, about four feet from the ground. The readings are given in the ninth
column.

56. The observed zenith point in the fenth column is thus found: if C, C,
be the circle-readings for the same object, corrected for level and refraction,
with the lamp left and lamp right respectively, and 7, 7, the corresponding
reductions to the meridian, the zenith point is 4 (C, — r, 4 C, + 7).

The concluded zenith distance in the twelfth column is the difference

D 2
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between the circle-reading corrected for level and refraction and the adopted
zenith point.

The remaining columns require no explanation.

57. Summary of co-latitudes.

{ t
; North Stars, i South Stars.
. 5 e 3 T T Mean of
Zenith Distance. | ’ North and South.
| Co-latitude. rniad Co-latitude. b d
| | ’
o (<] | fo) W/1 o 1 u ! VG ol
15 to 60 68. 42. 3°83 Ig G4 2%35 2 GMA T | 68. 42. 354
6o to 70 I 68. 42. 2°87 28 68. 42.2°81 | 7 68. 42. 2°84
70 to 81 | 68. 42. 2°29 1o | 68. 42. 3°24 19 68.42.2°77
Means - 68. 42. 3'0g 57 ' 68. 42.320 | 53 68. 42. 3'14

As was to be expected with so small an instrument, the flexure is insensible.
It is to be remarked that the lines of sight of the low northern stars passed
pretty closely over the summits of the mountains. The latitude derived from
these stars differs 0”-8 from the general mean. The adopted latitude of the
altazimuth pier is 21°. 17°. 56”9 N. It is probable that the meridional devia-
tion of the plumb-line from the vertical is considerable, as the sea is deep
to the southward, and the axis of the mountain range only 4 or 5 miles to
the northward.

O~ THE LONGITUDE OF THE STATION AT APUA.

* (1.) Longitude of Honolulu Station from the Observations of the Moon on the
Meridian. '

58. In Table IV. are given the observed transits of the Moon over the
center wire as obtained from the mean of all the wires observed. When all
five wires have been observed, the observation has been treated as if it were
of a star, the sum of the instrumental corrections always being a fraction of
a second. TFor the incomplete transits, of which there are five, the reduction
of each side wire to the center wire has been obtained by multiplying the
Equatorial interval by the factor— -

(1 +m).sin =

Sin d. sin 21,
where m is the increase (in seconds of time) of the Moon’s R.A. for the
transit over a meridian distant 1° of terrestrial longitude, as given in the
section Moon-culminating Stars in the Nautical Almanac; z is the Moon’s
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geocentric zenith distance ; 2' the apparent zenith distance; and d the
geocentric N.P.D.

59. The arrangement of the observations in Table X., and the values of
the longitude derived from them, require but little explanation. The
observed R.A. of the Moon’s bright limb has been corrected for diurnal
aberration, and the Tabular R.A. has been interpolated with fourth differences
from the section Moon-culminating Stars in the Nautical Almanac, on the two
assumptions that the longitude was 10°. 31™. (°. and 10" 32™. 0°. west of
Greenwich. The adopted correction to the Tabular R.A. is taken from
the Appendiz, and depends upon all the observations made at Greenwich,
Washington, Paris, Konigsherg, Strasburg. Oxford, and the Cape of Good
Hope. These corrections are generally reliable to the extent of 0°05, but
occasionally, as at the end of the 1874 October lunation, and at the end of
the 1875 January lunation, they are doubtful to the extent of 0*1 or even
more. ~
60. The clock-correction, proper to apply to the transit of the Moon to
obtain the apparent Right Ascension of the limb, has been given with the
observed transit, Table IV. When a sensible difference occurs between the
clock-correction obtained from stars near the Moon in declination and that
obtained from the other stars of the same group, the formcr has been
adopted, if the Right Ascensions are sufficiently well determined.

61. The weights assigned are proportional to the square of the change
of Right Ascension in 1°. Half weight has been given to the observations
on October 20, October 24, October 27, January 17, for reasons contained in
the Notes.

62. The longitude of the transit pier is obtained as follows :—

Observer. » I.  Number of Obs. » II.  Number of Obs. Mean.

. s 8 h m s
Noble 24°9 7 23°3 5 10. 31. 24°1
Ramsden 28°0 10 26°5 6 10. 31. 272
Tupman 257 LY £45 27°7 16 10.31. 267

Mean............ ... 10.31.26°0

These results are, however, not entirely free from systematic error, proceeding
from the circumstance that the observations at Honolulu were made by
eye-and-ear, whereas the observations at the fixed observatories, from which
the errors of the tables are deduced, were made generally by the chrono-
graphic method.
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(2.) Longitude of Honolulu Station from the observed Zenith Distances of the
Moow’s Upper end Lower Limbs. Tables IX. and X1I.

63. Honolulu is very favourably sitnated for determining the longitude in
this manner in the winter months, as the observations can be secured when
the Moon’s orbital motion is more or less perpendicular to the horizon,
a condition, it is hardly necessary to remark, which was always observed.
The observations were taken by Mr. Nichol and myself, fundamental
time being taken from the transit-clock. Six or eight vertical tramsits of
the Moon’s limb, and two of a well-known star pretty near the Moon, con-
stituted a complete observation ; the instrument being, of course, used in
reversed positions. The observations of the Moon are, on the average,
rendered differential by means of those of the stars, and thus any error that
might creep in from the error of the transit-clock having been determined
by different persons is eliminated from the mean.

64. The observations of the stars were first reduced in the following
manner :—The observed clock-time of vertical transit of the mean wire was
reduced to local sidereal time by the application of the clock corrections:in
Table VI. This was the sidereal time at the transit pier and not at the
altazimuth pier, as it should have been. With this slightly incorrect sidereal
time, and adopted co-latitude 68°. 42. 31, was computed the star’s tabular
zenith distance given in the seventeenth column of Table IX., using the
fundamental place of the star in Table VIL.

The correction due to the difference of time (0*074) between the transit
and altazimuth piers was then applied, and the true tabular zenith distance
obtained. This was compared with the observed zenith distance with the
following results, for the excess of the tabular quantity when the star is east,
the reverse when the star is west :—

Excess of the TAaBuLAR ZENITH DisTANCES of STARS over the observed Zenith
Disrances, with changed sign for Stars WEsT of the MERIDIAN.

Observer, Nichol. Observer, Tupman.
" ”
1874, Oct. 5, a Leonis ...... + 43 1874, Oct. 3,y Leonis....... + 40
19, Fomalhaut ..... + 33 7, « Leonis, ....., — 1’3
24, Procyon ....... — 03 15, o Sagittarii. ... —~ 30
27, o Aurige ...... + 15 23, 8 Andromed®... — 1°2

28, Procyon ....... + 2°8 25, a Tauriy e — o8
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Observer, Nichol. Observer, Tupman.

4 "

1874, Oct. 29, Procyon . ...... — 03 1874, Oct. 26, a Tauri ....... + 20
Nov. 15, 8 Capricorni ... — 3°1 26, « Tauri. ....... o'o
16, Fomalhaut .. ... + 14 26, Procyqn ------- I8 3
22, a Arietis ...... + o3 1875, Jan. 20, 8 Gemivorum... + o5
28§ el TAUEIE o 5o, 4 0'0 20, B Gem.morum . + 03
27, Leonis....... — 08 20, B Gemlonorum. .. + 100
233 Uniage . T s, — 10 21, a Leon.ls STURT + 03
29, « Leonis....... — 390 21>GL‘9011}S-----~- — o1
29, « Leonis . ...... — 272 22, B Leonis ....... — 2:3
Dec. 14,8 Ceti......... + o7 22, B Leonis ....... - 33
15,8 Cetis. ... . 8. + o7
18, a Arietis....... — 06
19, ¢ Touxi........ + o4
21, y Geminorum ., — 1°3
26, b Leonis ....... ~ 18
30, a Virginis...... — 05
31, o Libree ...... + 1'8
1875, Jan. 1,e? Libre....... — o8
13, B Arietis....... — 09
14, B Arietis ., 32
1652 Manmi 5L 2. 1°3

+
18, y Geminorum .. — 2+g
19, B Geminorum .. + 371
+

19, 8 Geminorum. . . 1°4
19, B Geminorum. .. 11
23, 8 Leonis ....... — 10
24, B Leonis....... — 2'5
25, « Virginis ..... — 03
27, « Virginis...... + 32
27, & Virginis ..... = e )
'’
The means of the above numbers are, for Mr. Nichol — o'10

for Capt. Tupman — 023

These quantities show that a very small systematic error is introduced
by using the time found by the transit instrument.

65. The whole of the vertical transits of the Moon and of stars are given

+ in Table I1X.

Column 4 is the mean of the clock times of transit over the five horizontal
wires. No imperfect transits were observed. No correction is ever required
for inequality of motion in z d. The local sidereal time of observation
(subject to a small constant correction of + 0%07) is obtained by applying
to the time in column 4 the proper clock correction taken from Table VI.

Column 6 contains the reading of the vertical circle, asobtained always
from the mean of the four microscope-micrometers corrected for runs.

Column 7 is the level indication, always additive, and is the sum of the four
level readings divided by 2, the divisions on the levels being of the value of 2",

Column 8 contains the readings of the mercurial barometer suspended in
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shade in the open air, close to the altazimuth hut. The temperature of the
column of mercury was therefore sensibly the same as that of the external
airas indicated by the verified thermometer suspended on the north side of the
altazimuth observatory, the readings of which are inserted in the same column.

Column 9 contains the refraction computed as described on page 21. It is
additive to the circle-reading when the lamp is * left.”

Column 10 contains the true observed zenith distance obtained by applying
the zenith point given at the bottom of the page to the circle-reading
connected for level and refraction.

Column 11 contains the Greenwich Mean Solar Time corresponding to
the (slightly inaccurate) local sidereal time of observation on two
assumptioné of the longitude, viz., 10" 31™, 0°and 10 32™. 0° West of
Greenwich.

The Tabular Geocentric Right Ascension and North Polar Distance of the
Moon’s center, given in the twelfth and thirteenth columns, have been inter-
polated with second differences from the hourly ephemeris in the Nautical
Almanac, and have been corrected for errors of the tables by the quantities
given in the Appendix. The corrections applied are not absolutely identical
with those used for the Moon culminations, but the difference is unimportant,
as explained in the Appendix.

The Moon’s Equatorial Horizontal Parallaz and Semidiameter have been
interpolated from the 12-hourly ephemeris.

The Tabular Zenith Distance in the seventeenth column has been computed
by the normal-centric method, from the formulse given at length in the
introduction to recent volumes of the Greenwich Observations (Section Altazi-
muth Observations). The hour angle is shown in the sizteenth column.

The eighteenth column contains the longitude as inferred from a comparison
of the two fabular zenith distances of the limb of the Moon with the observed
zenith distance in column 10. This longitude is subject to future correction,
in consequence of the original error in the local sidereal time as explained
above. The difference between the two tabular zenith distances corresponding
to the local sidereal time of observation affords the measure of the value of
the observation.

66. Table XI. contains the Altazimuth results for each day. Each result
is corrected, and all are combined with the assigned weights to form the
mean.

The correction in the fifth column is on account of the difference of
longitude between the transit and altazimuth piers, which was neglected in
forming the table of corrections of the altazimuth clock. It is thus
computed :—
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The vertical interval between the first and last wires is 734"°3; if ¢ be
the interval in seconds of time required by the Moon’s limb to pass over this
space during vertical transit, and z, ~ 2z, be the difference between the two
tabular zenith distances corresponding to the two assumptions of longitude,
the correction to the longitude always positive in seconds of time is found

from the expression— ,
7343 X 0*074 X 60

t X (27 ~ 2p)

The mean value of 7 and z, ~ # for the day has been used.

The weights in the seventh column are approximately proportional to the
square of the quantity z, — 2,, When the zenith distance of the Moon at
the time of observation is near 80° and also when the corrections to the
tabular place of the Moon have been unsatisfactorily determined, only half
weight has been allowed. The observations on three days have been rejected,
there being no data for correcting the tables.

The resulting longitudes of the Altazimuth pier are :—

> L No. of Days Obs. ) IIL No. of Days Obs. Mean.
&) 8 h m s
Nichol 258 22 29°8 24 10. 31. 27'7
Tupman 253 7 2355 7 10. 31. 26°g
Mean.......... 10.31. 27°3

(3.) Longitude of Honolulu from Occultations of Stars by the Moon.

For the reduction of the observed occultations, the corrections to the
Tahular Geocentric R.A. and N.P.D. of the Moon’s center have been taken

as follows :(—

Correction Correction
to R.A. to N.P.D.
Pere "
1874, Oct. 14 — 030 — 22
s o) — 030 — 20
sy 19 - 041 & 17/
ey 75, — 061 + 44
Nov. 13 — 0°37 + 277

The Moon’s R.A. and N.P.D. were interpolated with second differences
from the hourly ephemeris in the Nautical Almanac, on two assumptions of

longitude. The parallaxes were then computed from the formulse—

; .sin / sin 2 A 3 sin 3 /
Parallax in R.A, = &S0 4 50208 4 @ snok

sin 1’ sin 2" sin 3”7
where
a = sin p.cos ¢ .sec d
sin p.sin ¢\ sin A!
tan 3l = {1 — ]. 4 - an J.
sin sin /&
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In these formuls & and % are the geocentric declination and hour angle
respectively ; &' and #' the apparent values; p is the Moon’s equatorial
horizontal parallax corrected for the latitude of the place; ¢ the geocentric
latitude.

For the Augmentation of the Moon’s semidiameter the approximate apparent
altitude was computed, and the Augmentation taken from the table in Loors’
Astronomy, ‘Tth edition, page 378. A constant correction of —2"00 was
applied to the augmented semidiameter, all the occultations having been
disappearances at the Moon’s dark limb.

Conmparisons of the CuronoMeTERS used for Occurrations with the Transit Crock.

Approximate g Time by the Trasli(s):,?,l,(]wk Nz}ne Com;sponding Chronometer
Local é s Yocal Sidereal | Chrono- Time by Slow on
Mean Time. 3 Txaneit Clock. Tiwme. meter. | the Chronometer. L. M. T.
o
1874.
P h Fm-"Ee 8 h m s m s
Oct. 14. 7 T 20. 15. 100 + 15'07 Q 6. 42.11°5 — 1. 309
8 0 21. 47. 14°0 + 1518 Q 8.14. 05 — 1. 307
@ct 15,47 T 20. 31. 43’0 + 1728 Q 6. 54. 46°5 — 1. 1’51
8 i 21.39. 80 + 1735 Q 8. 2. 05 — 1. 1°48
(Ol Tek 7 T 21.19. 29°0 + 2471 Q 7. 26. 45'0 — 0. 5806
8 T 22.15. 5o + 2476 Q 8.22.12' — 0.5812
Oct. 23. 7 J 20. 54. 41°0 + 32709 L 6. 48.15°5 — 2,486
8 i 22.27.20°0 + 3220 L 8.20. 395 — 2.4884
Nov. 12. 8 NI o5 Chl X, + 263 M 8. 30. 155 + 0.54°29
T8 T 22. 29. 550 + 315 M 6. 56.22°5 + 0. 59°66
14. 8 N1 0. 4.250 + 352 M 8. 26. 350 4+ 1. 613

Occurrarions of Fixep Stars by the Moox, observed at HoxoLuru.
[_All are disappearances at the Moon’s dark limb.]

5 © g Recorded Correction Local
1874. 5 Telescope. Star. g g 0%‘11’;;:‘_ to Mean No.
é’ z § appearance. | Chronometer. Time.
h ' m s s h m &
Oct. 14 { T | 6-inch Eq.| Wash. M.C.Z. 100, 19 .| @ | 6.52. 7°3| —1. 3'0g| 6.51. 42| 1
-, it " Yarngll 6g62i s . IR NOBIR=NS:oh| | 7. 2. 57°4.| ka2
5 T g5 Yarnall6g64......... Q | 7.13.59'7] —1. 309| 7.12.56°6| 3
Oct. 15{ T 0 om. 178, 39'1™,—28%41° Q@ | 7.33.51°0f —1. 1°49| 7.32.49'5| 4
o it » 8m.17b.39°6m, —28°.35.| @ | 7.37.13'8} —1. 149| 7.36.12°3] 5
A T 29 gm,17h.3g°2m —28°41’.| @ [ 7.38.530| —1. 1°49| 7.37.51°5| 6
3 T G O. Arg. S. 17202 .....] Q | 7.40.569| —1. 149} 7.39.554| 7
s Ly 35 gm. 178, 39'g™, —28°.22".| @ | 7.49.48'0| —1. 1°48| 7.48.46°5| 8
& Ly S 1om. 178 40°1™,—28%22".| Q | 7.56. 87| —1. 1°48| 7.55. 72| ¢
Oct. 19} T | 34-inch ..| 38 Capricorni ...... «.| @ | 7.46.35%0| —o.580g9| 7.45.36g| 10
Oct. 23| J A ¢ Pisciums ! ST O F L | 7. 0.435] —2.4878| 6.57.54'7 | 11
Nov. 13| T 0 BA.CE6628 s oo M | 6.46.204| +0.59'66 | 6.47.20'1
oo N | 3-inch ... o M | 6.46.202| +o0.59'66| 6.47.19°g }1 2

Qct. 23. Obscrved by Mr. Johnson.
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Giving each day the weight 1, and rejecting only October 15, the mean
result from the occultations is 10" 31™, 26*9.

We have, therefore, thes following determinations of the longitude of
Honolulu station :—

h m s
By the Meridional Transits of the Moon..... 10.31.26'0 W,
By the Zenith Distances...............00. 10.31.27°3 ,,
By the Ocenltations of Stars .............. 10. 31. 26°g ,,

67. In the year 1868, M. Fleuriais, at his station in Emma Street, observed
19 meridional transits of the Moon’s first limb and 8 of the second limb.
His observations are published in detail in the additions to the Connaissance
des Temps for 1872. The result reduced to Arua Station is 10", 31®, 2225,
a determination of great value, M. Fleuriais having had much experience of
this description of observation; and, which is equally important, the errors of
the lunar tables having been very satisfactorily determined at Washington,
Oxford, and Greenwich. It depends, however, upon a single observer.

In the next section will be found the account of an attempt to connect
Honolulu with San Francisco by chronometers, the result giving the longitude
of Honolulu 10" 31™. 33*2, which, however, has little value, as explained
hereafter.’

Weights being given to the above lunar results according to the number
of observers, that is to say, the mean obtained in 1874-5 by transit and
altazimuth having the weight 4, and M. Fleuriais’ the weight 1, and giving
the occnltation result the weight 5, the resulting longitude is—

10", 31®. 263 + 2° (say).

The longitude used for the computation of the tabular quantities required
in the final equations representing the observations of the Ingress of Venus
18 10°. 31™. 2793 West of Greenwich ; the Greenwich times, therefore, require
the correction, 6 ¢ = —1%0.

CrroNoMETRIC CONNECTIONS.

68. It was understood to be an essential part of the programme at Hawaii
that the relative longitndes of some of the more distant islands should be
determined; and this would have been done, although perhaps not so
thoroughly, had the observations of the Transit of Venus failed.

The stations that were chronometrically connected with the head station
at Honolulu (Apua) were the observatories of Professor Forbes at Kailua,
Hawaii (Owyhee) and of Mr. R. Johnson at Waimea, Kauai (Atooi), distant
150 and 110 nautical miles respectively from Honolulu.
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The details of the determination of local time at the three stations will be
found in their respective sections.

69. The chronometers supplied to the Expedition from the Royal Observa-
tory, Greenwich, were—

A. Brockbank, 602. Box 2-day. Five beats in two seconds. Solar.

B. M. Tobias, 561. do. Beating half-seconds. Solar.

C. Dent, 2667. do. do. do.

D. Molyneux, 2189. do. do. do.

E. Weichart, 233g. do. do. do.

F. Cotterell, 311. do. do. do.

H. Webb, 5380. . do. do. Sidereal.

J. Fletcher, 2705. do. do. do.

K. Norris, 828. do. do. Solar.

L. Blackie, 538. do. do. do.

M. Cotterell, 233 do. do. do.

0. M‘Cabe, 160. Box 1-day. Five beats in two seconds. Solar. Very small.
P. Molyneux, 5174. do. Half-seconds.  Solar. Not compensated.  Balance

brass. Small.
Q. Park. and Frod.,, 1095. Box 2-day. Half-seconds. Solar. Small.
R. Arnold, 555. Box 1-day. Half-seconds. Solar.
S. Arnold, 6062. Pocket 1-day. Five beats to two seconds. Solar.

In addition to the above there were used :—

G. Fletcher, 1050. Box 2-day. Half-seconds. Solar. Belonging to Captain Tupman,

N. ILeplastrier. Box 8-day. Half-seconds. Sidereal. Lent by Mr. W. De la Rue.

U. Arnold & Dent, 756. Box 2-day. Half-seconds. Solar.

V. E.T. Massey, 110. do. do. 3, S FW G nolne R of KL M. &
Tenedos.

W. MecGregor & Co., 3795. do. do. do.

RH. Barraud, g82. do. do. do. The Ch ' r £ ILM.S

RM. Muirhead, 2169. do. do. do. } N . |

RB. Birchall, 1. do. do. do.

Mr. David Flitner, chronometer maker of Honolulu, most generously lent
the following six chronometers :—
AA. H. Frodsham, 2022. Box 2-day. Half-seconds. Solar.

BB. Bliss & Creighton, 735. do. do. do.
CC. Black & Murray, 527.  do. do. do.
EE. Roskell, 511-41446. do. do. do.
FF. Negus, 1123. do. do. do.
GG. Dent, 2397. do. do. do.

Captain Daniel Smith, Harbour Master at Honolulu, also kindly lent the
chronometer— 2

DD. G. E. Frodsham, 6551. Box 2-day. Half-seconds. Solar.
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It.may be stated here that the chronometers J, L, and N formed part of
Mr. Johnson’s equipment at Waimea after 1874, November 6. .

Chronometers O and Q were with Professor Forbes at Kailua.

P was overwound during the first run.

R was kept in nse at Honolulu for comparing clocks.

The chronometers U, V, and W were generally employed as the portable
watches to be carried ashore for comparison of chronometers.

70. The 18 chronometers first on the above list were lodged 1874,
October 2, under the stage whence the model (see plan) was observed.
They were compared with the transit clock every Sunday at noon, which
gerved to indicate those which had the steadiest rates. O and S were very
unsteady, while H, G, B, C, D, and M seemed to be the most reliable. The
temperature was very uniform, at about 70°.

On 1874, November 2, O and Q were sent to Kailua. On November 6,
J, L, and N, were sent to Waimea.

71. Captain Cator, of H.M.S. Scout having decided to send H.M.S.
Tenedos to Kailua for a short time, for the purpose of rendering assistance
to Professor Forbes during the Transit of Venus, advantage was taken of
this opportunity for comparing the transit clocks at Honolulu and Kailua.

On December 5, at 4 p.m., the chronometers E, F, K, and M were placed
on board the Tenedos, and well bedded in tow. U, V, and W occupied
their own places in the ship’s chronometer box. The same evening the seven
were compared with the transit clock at Apua by Mr. Nichol and myself
using M, V, and W, to be carried ashore.

72. Here it will be convenient to describe once for all how the chrono-
meters that never left the vessel were habitually compared with the transit
clocks on shore. At Honolulu the landing-place for ships in harbour was
1,300 yards distant from the observatory at Apua. The portable chronometers
were slowly carried by hand this distance, never placed in a vehicle. The three
solar chronometers used as portable watches (generally U, V, and W,) were
compared with the others, which may be called skip chronometers, then taken
on shore in a small boat, carried to the transit clock and compared with it
by coincidence of beats, taken back to the .ship without loss of time, and
again compared with the ship chronometers., Everyone of these operations
was performed personally by Mr. Nichol or by -myself. The comparison
of the portable watches with the others was effected by the same two
observers, one of whom gave signals with the beats of the ship chrono-

D
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mcters, while the other estimated the time to the nearest tenth of a second
by the portable watches. They then changed placesand the first observer gave
signals from the portable watches. This method eliminated the errors of
comparing, and was less fatiguing than taking a sidereal chronometer all
round for coincidence of beats.

73. The Tenedos sailed the same night, December 5, for Kailua, Lieutenant
Lloyd kindly undertaking the winding. She arrived at Kailua on the
morning of December 7, when Professor Forbes, assisted by Lieutenant Lloyd,
without loss of time compared the chronometers with his Transit Clock by
means of Q, V, and W.

The Tenedos sailed from Kailua on December 9 at 2 p.m. Immediately
before her departure Professor Forbes made another complete comparison
with his clock, using the same three portable watches. She arrived at
Honolulu on the morning of December 10, when Mr. Nichol and I made
the comparison with the Transit Clock, using R, V, and W for the purpose.
This completed the first run to Kailua. Good observations for local time
were obtained at both stations in connection with the comparisons.

74. After the Transit of Venus, the work of connecting the stations was
commenced. It was arranged by Captain Cator that the Tenedos should make
all the runs. Captain Van der Meulen, her commander, entered into it with
spirit, and to his valuable assistance the success of these somewhat long and
tedious operations was due. A proper berth was fitted up on the lower deck
of the Tenedos, on the lockerg round the mainmast. The chronometers, in their
own gymbal-boxes with the lids removed, were placed, two and two, in well
padded boxes, which were placed in the prepared berth, surrounded by about
8 inches of horse-hair padding to check the vibrations of the screw propeller.
On December 13, 20 chronometers were thus placed ; the three belonging to
the Tenedos remained in their own berths in the captain’s cabin.

75. The Tenedos made the following journeys with the chronometers :—

h
1874, December 14. 3. Left Honolulu..

22. Arrived at Kailua.

17. Left Kailua.

3 21. Arrived at Honolulu.
19. Left Honolulu.
20. Arrived at Waimea.

Arrived at Honolulu.
L.eft Honolulu.

21.

1
1
o
1
6. Left Waimea.
o

22%{'2
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1874, December 22.23.
23, 6.
24. ©.

1875, January 2. 3.

22.

4. 8. Left Kailua.
5.12. Arrived at Honolulu.
9. 6. Left Honolulu.
22. Arrived at Wainea.
10. 8. Left Waimea.
11.22. Arrived at Honolulu.

1874. Honoruru.

Arrived at Waimea.
Left Waimea.

Arrived at Honolulu.

Left Honolulu.
Arrived at Kailua,

76. From December 14 to December 21, I went in charge of the
chronometers ; from December 22 to January 12, Mr. Nichol was in
charge of them. They were wound every day at noon.

Immediately on arrival at a station, and immediately before departing, the
chronometers were compared with the Transit Clock, three chronometers
being used for this purpose, as before described, the comparisons being made
by the responsible observers with as little delay as possible.

At Kailua the portable chronometers had to be carried about a quarter
of a mile from the landing place to the Transit Observatory; at Waimea
about half a mile.

77. In reducing the comparisons, the error of each portable watch on local
mean solar time at the instant of its comparison with the Transit Clock was
first found, assuming for this' purpose the following longitudes of the
observatories :—

h m s
Honolulu...... o 8T 25 W
Kot . 3.0 OR w2 ig:m » FOUW:
Waimea ...... 10. 38, 40 W,

As each ship chronometer was compared with each portable chronometer
before and after the latter was compared with the Transit Clock, the error of
each traveller on local mean time was directly obtained corresponding to the
instant of the latter comparisons. The separate errors derived from each of
the three portable watches never differ many hundredths of a second.

78. The whole of the comparisons of the portable chronometers with the
standard timekeepers at the three stations are exhibited in Table XII. Of
the determination of the errors of the ship chromometers, it is thought
sufficient to give the specimens in Table XIII., while their errors on each
day are given in Table XIV. The stationary and travelling rates are shown
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in Table XV., as well as the differences of longitude inferred by each
chronometer.

79. From Table XV. we have the following results for the difference of
longitude hetween Honolulu (Apua) and Kailua observatories :—

m s

By the first run, 1874, Dec. 5 to Dec. 10 (7 chronometers) ....... 7-24°38
By the second run, 1874, Dec. 14 to Dec. 18 (22 chronometers) .. 7.24°65
By the third run, 1875, Jan. 2 to Jan. 6 (22 chronometers) ...... 7.24°89
Mean, Kailua transit east of Honolulu (Apua) ................. 7. 2464

And for the difference of longitude between Honolulu and Waimea we
have :(—

m 8
By the first run, 1874, Dec. 19 to Dec. 21 (22 chronometers) ..... 7-13°69
By the second run, 1874, Dec. 22 to Dec. 24 (22 chronometers) .. 7.13-31
By the third run, 1875, Jan. g to Jan. 12 (22 chronometers)...... 7. 13°44
Mean, Waimea Observatory west of Honolulu (Apua) ........... 7.-13°48

80. In the year 1872 Professor Forbes and I made some com-
parisons to discover our relative personal equation, by observing many
stars about the same time in the same instrument, with the following

results :—
8

May 21, clock slow, T — F = +o0°04 weight 2

May 22, ) ETTE_C SToCH (I
' Mean +o0%:05.
Ma‘y 27, 12 ’ = +O'08 ” F
' June 10, ' A TR R 1}

At Kailua, on December 15, 1874, a rather unsatisfactory comparison was
made which gave T — F = 4-0~04. These results tend to show that there
is no great difference between Professor Forbes and myself ; consequently no
correction for personal equation has been applied to the difference of longi-
tude between Honolulu and Kailua.

No data exist for comparing Mr. Johnson's mode of observing with mine ;
the difference of longitude, therefore, between Waimea and Honolulu is
affected by this relative personal equation to an unknown extent. Mr. Johnson
used a half-seconds chronometer when observing transits; at Honolulu, of
course, the clock was employed.
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Artemer To conNEcr Hoxorvrnu witH SAN Francisco.

81. H.M.S. Reindeer, Commander C. V. Ansox, R.N., was to convey the last
of the party from Honolulu to San Francisco, and as it was probable that,
at that season of the year, she would carry westerly winds all the way and
make a short passage, it was resolved to employ the chronometers to measure
the meridian distance. Her departure from Honolulu was fixed for March 20.

82. The errors of the chronometers were determined by observations of the
Sun, with a reflecting circle by Troughton and Simms divided to 20" and
read by three verniers, the Sun’s rays being reflected from mercury under a
cover of glass in the usual manner to obtain the double altitude.

Mr. Noble called the seconds from the sidereal chronometer N, which was
chosen on account of its loud beat, distinctly audible to the observer with
the circle. Five double altitudes of one limb were taken, the circle and the
cover of the mercury trough were then reversed, and five double altitudes of
the other limb taken, all three verniers being read each time.* The chrono-
meter N was compared, by coincidence of beats, with the two solar
chronometers Q and R (which were not disturbed) before and after every
set of observations, and thus the observations gave the errors of these three
chronometers with equal accuracy. The errors of the others were obtained
by comparing them in the usual way with N, Q, and R, about noon each day.
The habits of observing and comparing were exactly similar at Honolulu and
at San Francisco, to avoid systematic errors. The Sun was observed 3" or 4"
from the meridian in the morning and in the afternoon. It will be sufficient
to give as an example the actual observations made on one day; for instance,
those on 1875, March 9, Table XVI. The circle reading in the fifth column is
the mean of the three verniers. The index correction was found to be 22",
additive when the circle was read backwards. The N.P.D. of the Sun and
the equation of time have been interpolated from the Nautical Almanac for
the mean of the five recorded times, assuming the longitude to be 10" 31™. 14*
west. The refraction has been computed, for the mean of each five observed
altitudes, from the Greenwich Tables. The semidiameter employed is the
mean of all the daily measurements.

83. Table XVTII. is: an abstract of all the errors obtained before leaving
Honolulu. Table XVIIL is a similar abstract of errors obtained at Mare
Island, San Francisco, where the Reindeer arrived on the morning of April 9.
Instead of making a short passage under favorable circumstances, she was

* The darkening glass fitted to the eyepiece of the telescope was always used.
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unfortunately blown to the southward by a cold northerly gale, which caused
a fall of temperature in the chronometer boxes to the extent of 15° Fahrenheit,
and lengthened the voyage seven or eight days, the Reindeer being unable
to steam against the wind and sea.

Table XIX. shows the average ratés of the chronometers before and after
the voyage, the mean of them, which are the adopted travelling rates, and the
difference of longitude between the stations as derived from each chronometer.

84. On the arrival of H.M.S. Reindeer at the U.S. Navy Yard, Mare Island,
the members of the Hxpedition were courteously received by Commodore
Pueres, U.S.N., the Commandant of the Navy Yard, and all possible assistance
was rendered. The circle observations were taken on the summit of an
elevation in the Navy Yard, on which stood a small observatory, and near it
an inscribed stone on which the mercury trough was placed. This stone was
connected with the triangulation of the coast survey by Professor Georee
Dayison who, by permission of the Superintendent, kindly supplies the
information regardmg the longitude of the station.

85. The longitude of a station in Washington Square, San Francisco, from
the Washington Observatory, D.C., was determined by elaborate telegraphic
signals in the year 1869 (U.S. Coast Swrvey Report, 1870). The inscribed
stone on the hill in the Navy Yard was connected with the triangulation of
San Francisco Harbour, and thus it was found to be in—

Latitude 38°, 5°. 53”1 North,
Longitude 8. g™. 5¢*08 West of Greenwich.

86. The mean difference of longitude between Honolulu and the Navy Yard
as given by the chronometers, rejecting only Q, S, and RH, on account of
their small size and previous erratic movements, is—

2b, 22m, 28s:19 £ 3%'0.,
whence the longitude of Honolulu appears to be—
1ob. 311, 33*2 4+ 3%:0., West from Greenwich.

a determination to which I can attribute but little value.
G. L. TUPMAN.
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OBSERVATION OF THE INGRESS OF VENUS, 1874, Dxc. 8.

Rzeporr or Caprain (. L. Tuepman, R.M.A.

The weather on the 8th of December 1874, was all that could be desired.
The sky was cloudless nearly all day, and of a deep blue, indicative of extreme
clearness. The N.E. trade wind blew lightly, not disfurbing the unprotected
telescopes. odla s

Great interest was taken in our proceedings by the native population of
Honolulu. Every tree in the neighbourhood of the inclosure, and every roof
commanding a partial view within, bore its living freight. Anticipating
some possible annoyance to us, Her Majesty, Queexy Karrorani, had taken the
precaution to make it known among the natives that *Silence” must be
maintained, and not a sound disturbed us all the afternoon. A great many
natives presented themselves at the gates, expecting to be permitted to view
the transit in the telescopes. Captain Cator, at my request, surrounded the
inclosure with a cordon of Marines, from H.M.S. Scout, chiefly with a view
of keeping silence.

Hzrr Masrsty the QueeN and other members of the Royal Family most con-
siderately abstained from entering the inclosure on that day, although they
were frequent visitors at other times.

Major Wonerouse, Her Britannic Majesty’s Commissioner, most kindly
tendered his assistance, and remained within the inclosure all the time. I
cannot refrain from here placing on record how much we were indebted to
his kindness and courtesy during our long stay in Honolulu.

The telescopes used at Honolulu were—

(1.) An equatorial of 6 inches clear aperture and 89 inches focal length, by
Messrs. T. Cooke anp Sons, of York, which had been purchased by the
Government from the executors of the late B. D. Navror, Esq. ;

(2.) An equatorial of 4} inches clear aperture and 69 inches focal length,
by the same makers, my own property ;

(3.) A telescope of 3% inches clear aperture and 57 inches foecal length,
by Dorroxp, mounted on a wooden tripod stand, with vertical and horizontal
motions ;






Plate III.

2018 JTGOIL [0y -dU0 2)DOG

"d0)IF) Jad %ﬁsg JD)OS PUD U0 dBDUL Ao Ny JO nuuBbuDLy

)

P B WP TR 0 eIy

up ST Ceve

ceo Lisn 22.Beoro

B face page 39.



TeLescorEs AT Honoruru. 39

(4.) A telescope of 3 inches aperture and 45 ( ?) inches focal length, by
T. CookE, on a tripod stand, my own property.

These four telescopes, in common with most of the telescopes employed on
the Transit of Venus Expeditions, were fitted by Messrs. Troughton and
Simms with special means for observing the Sun, which, although well known,
it 1s proper to describe here. ;

The cone of rays from the object glass is intercepted, before the primary
focus, by a glass prism, one face of which is adjusted to an inclination of 45°
to the optic axis of the telescope, so as to reflect a portion of the light
approximately at right angles to the optic axis. About 90 per cent. of the
light and heat passes through the prism and is dispersed. The eye-pieces
of whatever character are inserted immediately above the prism. The 6-inch
and the 4}-inch equatorials were both fitted with new double-image miero-
meters by Messrs. Troughton and Simms. Plate III. represents one of these
ingtruments in position. The light is further toned down by an achromatised
wedge of neutral tint glass, placed between the two lenses nearest the eye.
The equality of the intensity of the two images is adjusted by the screw
which has the power of slightly altering the position of the axis of the
micrometer with regard to the optic axis of the object glass. The adjust-
ment of the reflecting prism is perfect when the micrometer can be rotated
about its own axis without altering the relative intensity of the two images.
This adjustment is liable to derangement from the circumstances that the
prism must not be too closely confined in its cell, as it is liable to become
very much heated when in use. No difficulty was experienced with either
telescope at Honolulu in regulating the intensity of the two images. This
double-image micrometer is described at length in the Memoirs of the Royal
Astronomical Society, XV. 199, and in the Monthly Notices, V1. 229, and
X. 160. One half of the divided lens was fixed, the other was moved . by the
micrometer screw. They were not, however, provided with position-circles.

Both the equatorials were mounted upon iron pillars, which stood upon
piers of brickwork built up from the coral rock. The driving clocks, which
performed well, were adjusted to the Sun’s apparent motion. The 6-inch
instrument was sheltered by a wooden hut, the roof of which could be
removed in pieces. The 44-inch instrument was protected, when not in use,
by a small hut of wood and canvas, which was removed entirely when the
instrument was in use.

The Secondary Clock Dent 2012, the pendulum rod of which was of
wood, was mounted in the 6-inch equatorial hut, and was compared, when
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required, with the Transit Clock in the same manner as the Altazimuth
Clock.

Several days before the Transit of Venus, Lieutenants OLpuAM, SHAKESPEAR,
and Crare, of H.M.S. Scout, kindly attended at the observatories to rehearse
the intended operations. Lieut. Oldham was to assist Mr. Nichol, Lieut.
Shakespear to assist Mr. Noble, while Lieut. Clapp was to aid me; and all
this assistance was most effective, and enabled the work to be well and
quickly done when every minute was precious.

Every observer had an adjustible seat, so that he could be perfectly at
ease.

At noon Mr. Nichol and I made a complete comparison of all the clocks
and chronometers intended for use, and provided for the contingency of any
of them stopping at a critical time.

At 1t I carefully adjusted the direct-vision spectroscope on the 44-inch
equatorial.  Although I attach very little value to the observation made
with the spectroscope, it was sufficiently interesting to be worth recording.
The spectroscope was made by Mr. Browning, and consisted of a direct-vision
prism, of five components, two flint and three crown cemented together,
sufficiently large to transmit a pencil 1'2 inches by 0-7 inches, with collimator
and examining telescope each of 7 inches focal length. The slit was opened
and closed by a small micrometer-screw acting against a spring. I deter-
mined the value of a revolution of the screw by opening and closing the slit
through measured ranges under the microscope. During my observation the
slit was open 0-0016 of an inch. The power of the combination was about 55 or
60 diameters. In the focus of the eye-lens of the small examining telescope
T inserted an opaque screen with a narrow slit in it, the width of which was
about 5th of an inch, and the length rather more than the breadth of the
spectrum. The Fraunhofer line C occupied the middle of this aperture, its
apparent width or image of the opening of the slit being about one half of
its breadth, so that the entire spectrum was cut off from view except the
C line and a narrow strip on either side. The spectroscope was firmly
attached to the telescope by a brass tube supporting it at its center of
gravity. There was an opening in this tube giving access to the slit, which
was of course placed exactly in the primary focus of the object-glass.

At 2t 30™ local mean time I placed the slit tangentially on the Sun’s limb
at the expected point of first contact. The hydrogen stratum or *chromo-
sphere” was well defined. There was no prominence near the point of
contact, but the outer limit of the chromosphere was irregular.
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Mr. Clapp recorded the times from the solar ohronometer C, which at
28, 25™ was 7™, 5517 fast on local mean time, and was gaining 009 per
hour (see comparisons, page 62).

At 3" 14™. 17%5 by the chronometer I first detected the planet entering
on the chromosphere. At 3" 14™. 38° the curvature was so decided I was
sure that it was caused by the advancing limb of the planet. At 3k 14, 47¢
I found it difficult to see the red line between the Sun’s limb and the planet.
At 3" 14" 56° I imagined the red line was severed and contact took place.
At 3k, 15™. 15° there was a long black division in the middle of the C line
which was bright on either side, while the Sun’s limb was just visible among
the minute irregularities on the edge of the slit. I felt sure that the contact
was passed.®

I then removed the spectroscope and proceeded to the 6-inch equatorial,
with which Mr. Nichol had been observing the external contact. Putting in
the double-image micrometer and adjusting it as quickly as possible, T made
the following measures of the distance between the obtuse cusps, Mr. Clapp
counting aloud the seconds from the Equatorial Clock, and recording the
observations :—

Equatorial Measures of Obtuse Cusps.
Clock Times. Micrometer Reading.

h m s r

20. 23. 38 4592

20. 24.17 4320

20. 24. 39 4235

20. 24. 51 4200
200255152 3895

20. 25. 28 3995

20. 25. 42 3715

20. 25. 56 3696

It should be remarked here that the integer revolutions of the micrometer-
screw were reckoned in one direction only. When the two images coincided
and formed but one image, the micrometer-reading was approximately
10~000. During the above measures, which are all on one side of the zero,
the focussing was slightly imperfect, as I discovered afterwards. The power
of the micrometer eye-piece was 250.

I then removed the micrometer and put in the negative eye-piece, power
150, fitted with an achromatised neutral tint wedge. I looked very carefully
for any fringe surrounding the planet, and for partial illumination of its disc.

* The loeal mean time of External Contact, inferred from the measures of cusps, is 3b, gm, 4257
which is 1™, 415+ g later than the * spectroscopic” contaet,
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I called Mr. Clapp to look at it. The planet was then about one third on.
Neither of us saw her entire disk, but we only spent a moment or two
looking at it, for just then the driving clock, which was being driven with a
light weight, stopped, and two or three minutes perhaps passéd before things
were right again. Having replaced the micrometer, when the planet was
rather more than half on, I made the following three sets of measures of her
diameter in the direction parallel to the Sun’s limb, on either side of the zero,
having carefully adjusted the focus :— '

MicroMETER READINGS for DiaMETER of VENUS parallel to Sun’s Lius.

15t Set. 2nd Set. 3rd Set.
T r i

2°875 16°870 2'g00

2°845 16°920 Much “boiling.”

2916 16:918 2'886

3:145 (bad) 17°004 ' 2860

2°810 16°922 2°820
16°955 2'836

The brasswork surrounding the reflecting prism had now become too much
heated to be touched by the hand. The micrometer-screw, however, was at
a considerable distance from the prism, and I do not suppose the value of one
revolution could be sensibly affected.

As seen in the field of view of the double-image micrometer there was no
trace of the illumination in the planet’s atmosphere seen at this time by
so many observers using Huyghenian eye-pieces. Had I seen it I should
probably not have known how to measure the distance between the cusps.

When I judged that about five minutes remained before internal contact
T began to measure the cusps, Mr. Clapp counting aloud the seconds from

the clock.

Mzeasvrgs of Cusps before INTERNAL CoNTACT.

Micrometer Micrometer
Clock Time. Reading. Clock Time, Reading.
h_m s r h_m— s -:—
20.41. © 4336 20. 44. 11 6002
20. 41. 30 4'590 20. 44. 23 6270
20. 41. 52 4890 20. 44. 36 6436
20.42. 8 4915 20. 44 47 6645
20. 43. 31 5700 20.45. 1 6918
20. 43. 44 5804 20. 45. 25 7°466
20. 43. 53 5860 20. 45. 43 7:755

20. 44. 1 5985






Plate 1V.

Transit. of Venus 1874 Dec. 8, at Honolulw.
Diagrams llustrating the Internal (ontact at Ingress.

Fig. 1.
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Local Sidereal time, 20.46.145 ( Fupman., 6 inch refractor.)
( These Diagrams should be viewed
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Fig. 2
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After calling the reading 67918 (at 20" 45™. 1°) I placed the two images
in coincidence to estimate the time remaining before internal contact. This
I had frequently practised on the model, and generally was not more than
10 seconds in error. I remarked aloud to Mr. Clapp that it wanted a minute,
and proceeded to take the two last cusp-measures. Up to this time the circum-
stances of the Ingress of Venus exactly resembled those seen in the model.

I drew out the micrometer at 20". 45™. 43° without reading it, laid it on
the shelf and inserted the negative eye-piece, power 150, down to the pencil
mark on it for focus. This I had repeatedly practised on the model, and
always effected in 10 or 12 seconds. I was no longer than usual on this
occasion. Mr. Clapp watched me, timed me I believe, and noticed that if
anything I was quicker than usual. On looking in (at 20". 45™. 55° therefore)
I saw the cusps separated such a distance that I thought it still wanted
30 seconds* of contact, but the image not being perfectly sharp I threw it
out of focus with the rack motion, and brought it carefully in again. AsT
did so I perceived that the cusps were united by a narrow band or thread of
light of sensible width, but faint, and instantly called ‘contact,” though
fearing I had missed it while focussing. This was at 20", 46™. 2:. As the
appearance at that instant made a vivid impression on my mind, I afterwards
made a drawing of it (Plate IV, Fig. 1), and may here very properly describe
it. The bright parts of the cusps were then far apart; the band of light
connecting them merged into them so gradually it was impossible to say
where the points of the cusps were. They no longer possessed the sharpness
I had seen with the micrometer eye-piece some 20 seconds before. The band
of light was of uniform width (calling width the direction perpendicular to
the limbs) and of uniform shading for a considerable part of its length
between where it merged into the cusps. It was sharply defined along the
edge of the planet, but faded off gradually on its other border, where I
expected to see the limb of the Sun. Hverything hitherto having so closely
resembled the appearances in the model, I felt certain that I had missed the
contact while focussing, although I could not understand how it could have
occurred so much sooner than I had expected. The preceding remarks refer
to the instant 20". 46™. 2°. by the clock.

Mr. Clapp went on steadily counting the seconds. 1 was surprised that
the band of light did not change much in appearance for some time; it
seemed a long time in comparison with model experience. There was no

* Tn the note book “30 seconds” is entered, but in the account which I wrote after the transit I
said ¢ 20 seconds.” Whether intentionally or not I cannot now tell. It is unimportant.

G
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black drop nor ligament. The planet was perfectly circular, and nothing
whatever disturbed the sharpness of its outline at the place of contact. The
band of light [after a certain interval] gradually and imperceptibly brightened,
and as Mr. Clapp said “twenty” it was sufficiently bright to induce me to
consider the contact.as established [by which I meant quite passed]. The
clock time for this is 20" 46™. 20*0. At that instant the general appearance
was similar to the model a second or two after contact, as nearly as possible
as represented in Fig. 2, Plate IV., which was drawn an hour or two
afterwards.*

On concluding the micrometer-measures given below, that is, about half
an hour after internal contact, I wrote some notes in the observing-book,
including the following :—

“ At the 20 seconds which I have recorded I am perfectly certain the
contact was passed, established completely—not ‘contact’ properly speaking,
for that implies some definite instant which was never observed. At that
time, and for a second or two before, there was the shadow on the light at the
point of contact, a phenomenon always seen with the model, but nothing like
a ligament or black drop, although I looked carefully for such an appearance.”

Much disheartened at the unsatisfactory nature of the observation of
contact I withdrew from the telescope to look through the record of times,
and at my request Mr. Clapp took my place and scrutinised the planet. I
asked him if he could see a fringe of any kind near the periphery of the
planet, of shadow surrounding it, or diffused light within. He said he saw
nothing but a plain black sharply-defined circle. I called Major Wodehouse
in also (not being able to commence *limb” measures immediately), and
called his attention to the same points with the same result. .

I then replaced the double-image micrometer, and made the following
series of measures of the distance between the near limbs of the Sun and
planet, and of the diameter of the planet, reversing the direction of measure-
ment at 20", 55™. and at 21*. 2%, when the position of the movable half-lens,
with reference to the fixed half-lens, was changed, as indicated by a line
drawn between the measures. At each change the telescope was re-pointed,
to bring the point of contact exactly in the center of the very limited field of
view, and the direction of measurement re-adjusted. It is here that the want
of a position-circle is most felt.

* In the reproduction of this diagram for the Astronomer Royal’s *“ Parliamentary Report” the
lithographer has incorrectly introduced a dark shadow between the limbs. Fig. 2, Plate IV, is a
correct copy of the original sketch.
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MEeasurEs of the Distance between the near Livss of the Sux and Praner
after INTERNAL CONTACT.

Clock Times. lgﬁ;‘:ﬁ;‘cr Clock Times. | h;z;(&?;:fr Clock Times. Lgce;((’l?xl)ifr
|
e - i
b m s r I. h m s r i h m s r
20. 49. 46 100914 | 20. 54. 11 11°g35 | 20. 5g. 12 7°250
20. 50. 1 10973 || 20. 54. 21 11°goo 20.59.24 | 7165
20. 50. 20 100958 || 20. 54. 36 11'935 | 20. 5g. 32 | 7:310
20. j0. 31 11’101 20. 54. 50 12°072 20. 5q9. 47 7°040
20. 50. 53 (1035 || 20.55.45 | Bozz | 20.50.57 7141
20.51. 16 l 11°252 20.56. 2 8030 | 21. o. 8 7°075
20.51.35 11°258 I 20.56.13 7995 21. o.3o0 6:g10
20.51.52 | 11°427 || 20. 56. 29 7°965 21. 0,40 7°033
20.52. 5 11'"420 | 20. 56. 40 7°875 S T & 6°800
20.52. 24 11'353 20. 56. 55 7°782 ATl L1116 6810
20. 52. 37 11°'500 20.57. 38 789325 4 215001228 6°795
20. 52. 50 11625 20. 57. 58 ¥ 2625 | 21. 1.46 6°710
20.33. 10 11650 || 20.58.14 773go | 21. 2.29 13750
20. ‘:’3- 29 11'8oo || 20. 58. 29 74497 25 el 201822511 13:642
20. 53. 47 11°760 20. 58. 44 7:382 | 21, 3. 6 13'800
20. 53. 59 11'855 | 20. 58. 57 7:3cg | Rl 520 13'802
|
1
* Bad.

Measures of the Diamerer of VEenus.

Micrometer Readings when the Images were in tangential contact.

r r
16:915 3-100
16°990 3035
16:944 2°9go
16°977 2'g10
167915 3r00cC
16°975 2'945
16:g10 2°goo eye fatigued
16°930 2°985
16°900 3000
16°goo 2848 bad
2'840 bad
34127

Between every two micrometer-measures the screw was rotated in opposite
directions alternately, to eliminate any possible error that might arise frow
turning it always in the same direction. It is unfortunately not recorded in
what direction these last measures of diameter were taken. T may or may not

G 2
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have rotated the*micrometer to place the head in a more convenient position,
as I was at that time ignorant of the fact that this form of micrometer is
liable to a variation of its zero as it is rotated about its axis. The measures
of limbs, however, are practically independent of the zero, while for the
cusp-measures the zero was determined immediately before them with the
micrometer in its proper position. '

The Sun was now approaching the western horizon. Lieut. Ramsden had
secured 60 photographs, Mr. Nichol a series of micrometric-measures similar
to my own, and Lieut. Noble the telescopic contact. The clocks and chrono-
meters were then compared. Every observer made his notes in full before
any conversation passed between us, and wrote his Report, as here given
with no material alteration, the same evening.

TasLe A.—Comparisons of the Transir and Equarorear Crocks by intervention

of the Sorar CurovomErERs R Axp C and inferred Error of the
Equarorear Crock, 1874, December 8.
Time by Chronc- | Time by Chrono- 2 5 2 I

Time by meter at Com- meter at Com- Time by Lg?:;o;za}‘(gggfk | Observer

Transit Clock. parison with parison with - | Equatoreal Clock. Mean Time( .
Transit Clock. | Equatoreal Clock. [
h m s h m s h m » | h m s s

17. 6.38'00 |R 11.56.31°'30 12. 8. 850 | 17.18.15%0 1238 | gl
17. 47. 1000 |R 0. 36. 57 00 0. 32. 57+50 17.43. 800 12°37 l T
21.57. 3500 [C 4.54.52°50 4. 57.31°00 22. 0.12°00 12°52 Ni
22.16. 600 C 5.13.20'50 5. 0. 3950 22. 3.21'00 12°53 ’ Ni

I now proceed to the discussion of these observations in order to put
them in the form of final equations immediately available for the determina-
tion of the solar parallax, which was the special object of the Expeditions;
premising that every observation resolves itself into a measure in a direction
joining the apparent centers of the Sux and VENvs, as seen from the place
of observation, and that the formule by which the local tabular distance of
centers and the various co-efficients have been computed, were taken from
the Astronomer Royal’s paper in the Monthly Notices of the Royal Astronomical
Society, Vol. XXXV., 277, the geocentric places of the Sux and Venus being
taken from the ephemeris for every 10 seconds of Greenwich sidereal time
computed from LeverriEr’'s Tables by direction of the Astronomer Royal.
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Let s, S, be the semi-diameters of Venus and of the Sun respectively ex-

pressed in revolutions of the micrometer-screw.

r, R, the tabular semi-diameters in seconds of are.

2m, the micrometer measure in revolutions of the screw.

A, the tabular distance of centers.

p> the value of one revolution of the screw.

o", #”, the distance between the limbs that are nearly in contact, in
revolutions and seconds of arc respectively.

Then when the center of Venus is without the Suxn, and 2m iz the measure
of the obtuse cusps :

¥=84s— (£ —m)f — (& — m)?
s is determined by observation; § =? with sufficient accuracy,
p=r4+
2 4+ o2 = m".p:?—l—?b‘r

orda’' ==38r.

o |8

The true distance of centers is
A4+3A=R4+3R+7r+3r— (2" 432"
whence the final equation—

O=R+r—(A+a)—3A+4+3R+(1—-5dr

where 3 A is the sum of the corrections to the tabular parallax, R.A., and
N.P.D. each multiplied by the proper factor for its effect on the distance of
centers. ’ '

For the measures of acute cusps (near internal contact) the equation is—

0O=R—r—(A—d)—5A+3B—(1—D)dr
and for measures of near limbs (after internal contact)—
O=R—r—(A4+a)—3A+3B—(1+75)dr

With the 6-inch instrument we have, from the first series of measures of
the diameter of Venus
s = 3517,

and from the second series
s = 37490.
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The several determinations of the zero of the micrometer are—

97891 from the first series of double-diameters.
107163 from the limb measures between 20°. 53=. 59, and 20", 56=. 40¢.
107100 from the limb measures between 212 0®. 40°, and 21h. 3=, 21%.
97956 from the second series of double-diameters.

For the reduction of the measures of Cusps the zero has been taken as
9891 ; and the value of s, 3"517.
For the limb measures the zero has been taken 107130; and s, 3%490.
B = 976" 80 7 = 31540,

8”932 + 286 b » for cusp measures.
9’002 + 286 & r for limb measures.

‘Whence p = {

Assumed astronomical latitude 21°. 17’. 56”-3 N.
longitude west of Greenwich 10, 31™. 27%3.

kb

Similarly for Mr. Nichol’s observations with the 4}-inch equatorial, we
have, from the first series for diameter of Venus,

s = 27448
and zero 97996 for the direction parallel to the Sun’s limb.
and for the second series
s = 2434
zero 107000 (direction not stated ; probably parallel to Sun’s limb),

tina= 12:835 4 410 & r for cusp measures.
i U 12”913 + 410 & r for limb measures.

The equations of distance of centers of the Sux and Venus for every obser-
vation with both instruments are exhibited in the following Tables B and C,
(which also give the time of contact deduced from each micrometer measure
of cusps,) taking'the tabular semi-diameters as above, and assuming the

mean solar parallax to be

87950 (1 + ).
The relative weights assigned to the cusp measures are arbitrary. The

model practice proved that the measures taken in the last two minutes were

about twice as accurate, for the object in view, as those taken between five

and three minutes from contact.
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By obtaining independent values of a revolution of the screws of the
micrometers, the terms depending upon ¢+ in these equations may be
eliminated. With this view the distance of the Model from the stage was
measured three times with a 100-feet measuring tape, the face of the model
being placed exactly 800% feet from the front edge of the table on which the
telescopes were laid. These projected a little over the edge, so that the
distances of the object glasses from the Model may be taken at

798°4 feet for the 6-inch telescope.
799°6 » 43-inch

The diameter of the disk of brass representing Penus was measured many
times with three different scales by TroueaTON and SiMms, with the following

results :—
28594 inches (by a scale of J).
2:8570 ,, ( P o)
28552 ,, ( s millimeters).

The mean 2°8572 inches.

The mean of a great many measures of the diameter of the model planet
as seen in the telescopes gave the apparent values—
6760 = -o20 for the 6-inch instrument.
47760 X 010 ,, 43-inch o
Consequently the values of one revolution of the screws, for the focus cor-
responding to the distance of the model, are—

9”099 = *03o for the 6-inch.
12”897 =+ ‘027 for the 43-inch.

The focal lengths of the object glasses being, respectively, 89 and 69 inches,
the values of one revolution of the screws for the solar focus are—

9"-184 for the 6-inch.
12/98q for the 4-inch.t

We have, therefore, the following values of the true semi-diameter of

Venus :—
With the 6-inch instrument 32'"18.

9 43-inch 9 31771,

Hence the value of & r is—
+ ©”76 for the 6-inch.
+ o”29 ,, 4}-inch.

* Mr. Gay, with the 66-feet chain, afterwards made the distance 802 feet by a single measure.
I doubt the accuracy of this,
I afterwards found by transits of the double image of Polaris the values 12"- 99 and 13" 02.
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Colonel Tennant, by similar observations at Roorkee, made this quantity—
4+ 056 for a 6-inch instrument ;

and Captain Browne, at Mokattam—

+ ¢”62, also for a 6-inch instrument.

The following final equations represent the whole of the observations made
at Honolulu, omitting the micrometer measures of the distance of limbs with
the 43-inch telescope, and the external contact observed with the spectro-

scope :—

T
£
Equation of Distance of Centers. g Nature of Observation.
5
892 = — 2251 n 47024 P R.A. —6481 3 N.P.D. T | 8 measures of obtuse cusps.
—"03928t — 3R — ‘559287~
799 = — 2283 » 46589 & R.A. —*7002 3 N.P.D. T | 15 measures of acute cusps.

—"03538t — 3R + 838481
819 = — 2283 n 46605 § R.A. —-6g80 ¥ N.P.D.

- | N1| 17 measures of acute cusps.
—"03538t — 3R + 7866 ¢ r

780 = — 2284 n 46532 ER.A. —*7061 3 N.P.D. T | Telescopic contact ¢ passed.”
—""03408¢ —®R + 170000 &7

783 = — 2284 n 46532 3 R.A. —7061 3 N.P.D. ~o{ Telescopic contact.
—""03400¢t — 3R 4100008 7 |

791 = — 2283 n +°6529 8 R.A. —*7064 ¢ N.P.D. FL | Telescopic contact ““ passed.”
—"03438¢t — 3R +1°0000 &

788 = — "2279 n +-6264 3 R.A. —:7338 3 N.P.D. T | 48 measures of limés.

—"03228¢ — 3R +1°6742 87

It is not without interest to compare the times of internal contact, as -
inferred from micrometric measurements, with the observed telescopic time.
Before treating of the measures of the actual transit, I will exhibit the results
obtained from the preliminary practice with the model. This apparatus is
figured in Plate V., and needs but little description. The shaded portions
were cut out of sheet brass; the curved edges, representing portions of the
limb of the Sun and the periphery of the planet, were bevelled to diminish
parallax ; the planet, attached to a horizontal bar running on fixed wheels,
was drawn towards the clock-work on the right by the action of the large
weight, the motion being regulated by a pendulum.

The curvature of the Sun’s edges was such as would be proper for a
distance of 400 feet, but at Honolulu the model was erected at the distance of
800 feet, the planet being double the diameter shown in the plate. Sunlight
was reflected into the telescopes, through the triangular opening, by means of
a mirror mounted on another tripod stand, worked by an assistant, who knew
perfectly well when it was properly adjusted by the brilliant light reflected
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back to him by the glasses of the telescopes. The intermittent character of
the motion of the artificial planet was not perceptible in the telescopes.
These, removed from their mountings, were laid on a table as near together
as convenient, some eight or nine feet from the ground. A roofing of rushes
protected them and the observers from the direct rays of the Sun. The land
between was flat and grassy. - -

The exact dimensions of the important parts of the model were as follows:

Length of each chord of the Sun’s limb.............. ... 499 inches.
Radius of enrvature of ditlo “, IESRCN b e M e 24°47 5,
Length of the base of the triangular opening.............. 846 ,,
Height of ditto] e ¥ o SR oS LT o Lol 204 5,
Diameter of the planet (mean) ......ccveuveiiiiernnnes 2'857 ,,
Length of the chord ou the planet joining the two points

that touch the limb of the Sun at the internal contacts ... 1455 ,,

When the planet was set back horizontally exactly one inch from the
position of perfect internal contact at ingress, the distance of the cusps was
2250 inches. :

The horizontal movement of the planet was one inch in 2703 mean solar
seconds.

A mean-time chronometer was always used for the model practice.

The distance of the model from the object-glasses of the telescopes may be

congidered—
7984 feet for the 6-inch instrument.
799'6 s 4}-inch tX)

The practice with the model, at Honolulu as at Greenwich, demonstrated

that there was no material difference between the different observers’ appre-
ciation of the exact moment of contact, no matter what telescopes were
employed, provided the power was 100 or more. By suitable experiments it
was found that the internal contact observed with the telescope was within a
small fraction of a second of time of true mechanical contact.
' As regards the instant of internal contact the appearances of the model
bore no resemblance to the phenomena of the actual transit of Venus. The
comparisons of the various observers at the model therefore possess no
interest. ‘

It is different, however, with the micrometer measures; the circumstances
of which, as far as the eye could judge, were a perfect imitation of the actual
ingress of Venus. :

The daily micrometer practice on the model was a serious rehearsal of
what was to be done during the actual transit; and, the records being
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Plate V.

the circumstances of the Transit of Venus when placed

at the distance of 400 feet. Cne-fourth natural size.
The planet is represental in the position. of Internal, Contact
with Suns limb (nearly ); its motion is from left to right

FLront elevation of the Model artificially representing |

1o face page 56.
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preserved, I have since reduced the measures of cusps, by means of the
data given above, to see how they agreed with the true contact. The time
of internal contact was deduced from a cusp measure in the following
manner :— '

The measurements of the model in inches were converted into their
equivalents in revolutions of the micrometer, by taking the diameter of the
planet as on page 54.

The small quantity by which the limb of Venus was outside the limb of
the Sun, measured on the line of centers, was found from the equation given
on page 47, and a table was then formed giving the distance of cusps
corresponding to every ten seconds of time from true contact. The interval
of time between the measure and true contact (called for convenience the
reduction to contact), which rarely exceeded 250 seconds, was taken from the
table for every cusp measure separately.

In order to test the accuracy of the data employed, more especially the
assumed velocity of horizontal motion of the planet, the driving apparatus
being of somewhat rude construction, I have separated the results of the
larger and smaller cusp measures. The following table exhibits these results
in sufficient detail. The telescopic contact was generally noted by one or
two observers in addition to the observer who took the measures.

The table proves conclusively that the time of contact inferred from cusp
measures 1s 3* or 4° too late for my own observations, and 4% or 5° too late for
Mzr. Nicuov’s, the probable cause being that the extreme points of the cusps
are not seen, although they appear so sharp.

Comrarisox of the Time of INTERNAL Coxrtact at INgrEss, derived from Cuse
Mgeasures of the Moper with the oBsErvED TrLEScOPIC CONTACTS.

(1.) Observer, TurMAN.

By the larger Cusp Measures, || By tbe smaller Cusp Measures. Teleseopic Contact.
. | ] y |
3 Mean of  No. of Mean Mean of | No. of Mean Mean of | No.of | Extreme
2 £ . : ; : . 3
5 inferred . Rednetion || inferred Rednction - Diseord-
z Times of (;b.ser- to Times of Ob.ser- to’ e e Ob'ser- ance from
= Contact. | vations. | Contact. I Contact, | vations. | Contact. || Contacts. | vations. Mean.
5 i
8 a } B 8 ] B8
6-inch 450 5 162 422 4 63 313 2 o'2
L 500 6 198 42'8 5 72 335 2- 05
- 590 2 208 57°0 PR, S ) 580 1 g
5 14°6 5 155 11°2 4 55 9’0 1
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By the larger Cusp Measures.

By the smaller Cusp Measures.

Telescopic Contact.

= M;an %f No.of |, %Ieag Mgan %f No. of Rl\dieatre Mean of | No. of %{tren&e
T eauncton nierre: eduction 1scora-
§ 'i‘!i]ni;seof Ob-ser- to Times of Ob-ser- to observed Ob-ser- ance from
E'%‘..: Contact. | vations. | Contact. | Contact. | vations. | Contact. || Contacts. | vations. |  Mean.
8 S 8 8 1 8 8
6-inch 12°7 8 192 85 6 72 © 30 2 o5
e 570 6 181 535 6 74 ‘ 492 2 03
o 243 10 153 260 4 43 | 197 2 0'2
X 354 5 121 306 5 50 || 3ro 2 o5
1 350 5 92 3oo 5 34 || 3ro I alo
’» 52 5 82 40 5 33 30 I 5%
43-inch 40 5 101 40 4 46 12 2 o3
yy 41°2 4 106 442 3 71 40°2 3 08
56 30 4 57 4°0 3 24 7 3 0'3
M 47 3 8o 85 2 3o 55 1 a%
N 278 5 79 286 5 37 2512 2 03
Mean.| 2779 131 26°3 54 22°8 0’4
(2.) Observer, NicHoL.
s ] [ s 1 s ] [ Il
6-inch 50 4 224 | 62 PNy ) 2 | o2
59 460 3 129 41°0 3 65 335 2 o5
i 310 3 105 || 293 3 57 250 2 I o
43-inch| 600 4 179 | 5g'3 4 93 532 2 o3
09 540 5 143 | 598 &) 81 522 2 o2
og 50'5 4 160 | 482 4 64 44°5 3 | ob
b 233 3 127 | 21°1 3 66 19°8 3 03
sh 11°7 4 71 12°0 3 30 6°5 3 o5
n. 17°0 3 129 19'7 3 69 12°5 B R
5 14°0 4 122 | 140 ¢ | 65 150 1
7o 532 4 96 49°0 3 39 450 I -
3 264 9 144 27°9 7t 58 25'8 G NS R
09 332 9 128 334 7 52 1 29'5 2 ‘ o'o
SO B 1 O 5 157 76 5 ‘ 68 o5 2 o'o
t | |
Mean.| 31°0 137 306 I 64 l 26°2 l 03

Coming now to the actual transit, the time of contact may be inferred from
each cusp-measure with great facility, since the local tabular distance of
centers has been computed for each recorded time.

The inferred times are given in Tables B and C affected by a quantity
depending on & 7.
following means of the times from the cusp measures :—
G- 8id. Tisle.

Nichol

Tupman 7. 18™, 459 + 4'523r wheredr = + 0”'76.
7% 18™. 108'0 4 5°933r wheredr = 4 0”'2q.

Considering the internal contact only, we have the
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Hence the corrected inferred times are—
TaDERAn .. (85 .o o 7h, 18m, 831 G.S.T.
Niehol . o3 oondenele.s ZRR NS mIiiTe S

‘While the telescopic contact was certainly passed—
at 7" 18m. o%. (Tupman and Noble).

These results are in perfect accordance with those obtained by Colonel
Texvaxt at Roorkee, who found the time of contact inferred from the cusp
measures to be 102 later than the telescopic time of contact.

I may remark here, that although these cusp measures appear to be very
reliable, there is a very serious discrepancy between the observations at
Honolulu and at Roorkee, amounting to 17 or 18 seconds of time on any
reasonable assumption of the solar parallax.

I have thought it not worth while to make a similar comparison with the
measures of limbs, the co-efficient of dr being very large.

ReporT oF Mr. J. W. NicroL.

The observation of external contact was taken by me with the Naylor
6-inch equatoreal telescope, with power of 145, and neutral tint glass.

Lient. Oldham, R.N., took time for me, counting seconds aloud and making
the entries in the note-book.

The limb of the Sun was very rugged.

The first time recorded was when I perceived a definite indentation on the
upper limb of the Sun, and the contact must have occurred, from the size of
the indentation, 30 seconds to a minute before that time.

I then changed places with Captain Tupman, and going to his 4%-inch
equatoreal inserted the double-image micrometer eye-piece, the power of
which was about 150. The planet was then accurately focussed, brought
into the middle of the field, and the two images adjusted to equal intensity.
Twelve observations for diameter were taken, when the planet appeared to
be fully half way on the sun. The method of bisection was to place the two
images so that they separated and joined alternately as nearly as possible
to the same extent by the continued vibration of the air. By this time the
cusps were approaching, and the phenomenon appeared almost the same as
the model, except that the planet seemed somewhat brighter by contrast.

Seventeen observations of cusps were taken. The definition of the ex-
tremities of the cusps was as good as on an average day at the model, and I
found no difficulty in just getting them to touch.

When the micrometer reading had diminished to 127.152, knowing from
previous model practice that I had more than a minute to spare before internal

I
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contact, I took out the double-image eye-piece, and immediately inserted a
negative eye-piece of power 130, furnished with a neutral tint sliding wedge.
The telescope was slightly disturbed in doing so, but that did not prevent
me from getting it re-adjusted and sharply focussed in 32 seconds after the
last reading of the micrometer, when to my astonishment I saw a completion
of light round the planet, perfectly distinet, and such as I should have said,
from previous model practice, was immediately after contact. This is the
time recorded. I remained looking at it for about two minutes, but could
see no instantaneous phenomenon of contact, no black drop, nor anything
resembling the model. I noticed that this light did not appear to thicken as
I should have expected for a cor}siderable time after that recorded; but as 1
considered, from my previous experience (with the model), that the contact
had occurred, and was unable to get, accurately, any further change until
the planet was visibly on the Sun, I cannot say that the time as noted is at
all satisfactory. '

The double-image micrometer was then replaced and 33 limb and 20
diameter observations taken. These were to my mind as good as any I could
have taken on an average day at the model.

The planet appeared circular, although the edge vibrated considerably.

20" 19=. 23°. External contact first perceived. Time by Equatoreal
Clock [see page 46].
4%-inch equatoreal—double-image micrometer measures of the diameter of

Venus.*
Micrometer Readings.

T by
5091 14°889
5088 14°905
5062 14881
5080 14°g11
5155 14°909
5125 14860

43-inch equatoreal—double-image micrometer measures of cusps. Time
counted from chronometer C by Lieutenant Oldham, R.N.

Micrometer Readings. Micrometer Readings.
h m s r h m s r
3.37. 49 . 14'101 | 3.39. 2 ; 13-780
38. 2 14°012 | 39. 31 13511
38.38 13:853 39. 50 13°435

* The reading of the micrometer for coincidence of the optic axes of the two halves of the

divided lens was approximately 107'0. Readings greater and less than 107 o indicate that the
movable half-lens was on alternate sides of the fixed half-lens.
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Micrometer Readings. Micrometer Readings.

h m 8 e h m = T
3240, 15 13-351 3.41. 48 12°574

40. 27 13282 42. 00 12°470

40. 42 13090 42. 11 12°328

40. 59 13'024 42. 21 12'249

41.18 12°752 42.31 12°152 v

41.35 12719

3" 43 3. Internal contact. Time by chronometer C. ~Double-image
micrometer measures of limbs.

Micrometer Readings. | ° Micrometer Readings.

b m s r h m s r

3. 45. 56 10312 Ep kil . 11°482
46. 20 10°443 53. 19 11°521
46. 44 10°522 53. 30 11:568
47. 9 10552 53. 53 s 11°602
47. 21 10562 54,17 11°611
47. 41 10°655 54. 33 ‘ 11°750
48. 2 10715 54. 47 11°792
48. 7 10°770 . 55. 11 11°745
48. 38 10840 55. 26 11°821
48.55 10°880 55. 36 11°851
49. 1 10°910 55.56 11°823
50. 5 11°015 56. 31 12°042
50. 38 11°'140 o 4 127135
50. 56 11194 575 2 12°148
52. 23 11°358 57. 41 12°276
52. 43 11°408 58. 8 i2°290

Double-image micrometer measures of the diameter of Venus—

Micrometer Readings.

r r r
14902 5179 14'928
*850 143 818
*845 135
831 ‘078
‘880 ‘130
‘899 ‘130
*859 *162
*851 ‘0go
q42
143
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Subsequent remarks, December 8, 8 p.m.

From what I learn from others who continued to observe during the whole
phenomenon with the same eye-piece, I feel inclined to think that the thin
line of light which I observed on changing the eye-pieces must have been
due to light from the Sun’s corona. No light of the kind was visible in the
double-image micrometer, and I regret that it was changed, since otherwise,
1 think, a very good time of contact would have been obtained by it.

J. W. NICHOL.

Mr. Nichol’s chronometer (see following comparisons) was 7™. 55517 fast
on local mean time.

Comparisoxs of the SoLar CrroNomerer C with the Traxsit Crock, and inferred
Error of C on LocaL Meax Time, on 1874, December 8.

‘ |
Time by Transit Honolulu Mean Corresponding Time | Chronometer C Fast Ob-
Clock. Time. by Chronometer C. I on Local Mean Time. Server.
b m s b m s b m s ‘ m s
19.26. 2300 | 2.16. 982 2.24. 500 7- 5518 Ni
19. 2Q. 24°00 2. 19. 10°33 2.27. 5bo l 7.55°17 Ni
21. 57. 3500 ! 4. 46. 57'0g I 4. 54. 5250 7-55°41 | T
22.16. 6'00 I 51y 5325078 5.13. 2050 I o IS | T

Rerorr or Lieur. E. J. W. NosLe, R.M.A.

The instrument I used was the Dollond telescope of 3% inches aperture
and 57 inches focal length, with a solar diagonal prismatic eye-piece giving
rectangular reflection, a power of 139, and the darkest neutral tint glass.
The instrument, protected from the N.E. trade by a “ bell ” tent, was mounted
close to the door of the altazimuth hut, so that I could distinctly hear the
counting of the time-keeper, Lieut. Shakspear, R.N., of H.M.S. Scout, with
whom I had practised, and of the accuracy of whose counting I was quite
convinced.

As the time for external contact approached, I observed a slight notch on
the vertex of the Sun. At 20 17= 11% I was fully satisfied that Venus had
entered on the Sun, and I estimated that the external contact had taken place
2™, 30°. before [or at-about 20", 14=. 40°.].

I then left the telescope, and took only casual glances as the planet
advanced on the Sun till within about 10 minutes of the time of internal
contact, when I kept the instrument pointed on the Sun’s limb.
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Whilst thus watching I was astonished to see, most distinctly, the disc of
the planet complete, and immediately asked Lieut. Shakspear what time
remained before contact. He said “a little over five minutes.”

There was an understanding between us about the Nautical Almanac time
being two minutes in error from the observed external contact.

The Sun’s limb was very steady, and the planet was quite circular, with
a bluish rim round it.

The first time recorded at internal contact (20". 45™. 43% by the altazimuth
clock) is that when the cusps had apparently joined.

There was no black drop, no ligament, but a rough dark shade, which
gradually faded off to a thin tint, corresponding to the phenomenon I had
observed in the model. This—instead of being nearly instantaneous, as the
model generally showed—extended over some 20 seconds.

The thin tint is that recorded as the second time (20" 46™. 2:.) at internal
contact.

At the third recorded time (20" 46 . 22°.) there was a broad band of light -

between Venus and the Sun’s limb, and contact was long past.
The second recorded time (20" 46™. 2%.) by the clock is that whichI consider
as the time of contact, and am certain it could not have been later than this.

E. J. W. NOBLE.

The altazimuth clock used for Lieut. Noble’s observations (see Table VI.)
was 3090 seconds slow on Honolulu sidereal time at the time of internal
contact. Assuming the longitude 10" 31™. 27*3 west, we have the following
equation corresponding to his recorded time, 20", 46™. 2s.

Gr. Sid. Time.
78, 181, of* 2, 77°83 = — 2284 2 4 6532 8 R.A, — 7061 8 NNP.D. —""03408¢ -8R + 57

Mr. Frner's OBsprvarioN oF THE INGrEss OF Venus, 1874, Decemser 8, at
Waiakiki, xear Hororuvwnu.

Mr. Flitner kindly communicated to me, orally, the following circumstances,
which I committed to writing in his presence.

He observed the ingress of Venus, from the garden of Captain Smith’s
house at Waiakiki, with an achromatic of 2} or 2} inches aperture on an

ordinary “pillar and claw” stand, furnished with a negative eye-piece of -

power of 80 to 100 and a dark glass which screwed on at the eye-end for
viewing the sun directly. He used a pocket chronometer of large size and
showing seconds, which he compared with his standard clock at Honolulu on
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the morning of December 8, before going to Waiakiki. Captain Smith had
taken with him the box chronometer, Frodsham 6551 (which he afterwards
lent to me for the longitude work). Mr. Flitner compared his pocket chro-
nometer with No. 6551 as below :—

h m s h m s h m s
No. 6551 2.54. o0 No.6551 3.17. oo No. 6551 " 3. 45. oo
Pocket 2. 53. 22°4 Pocket 3.16. 22'0 Pocket 3. 44. 22°4

The external contact was first perceived at 3". 10™. 65 by the pocket
chronometer. “.Internal contact was complete and clear sunlight between
the limbs ™ at 3" 35™. 50*0.

T copied the above figures from the original records on small scraps of
paper which Mr. Flitner brought with him.

For the absolute error of No. 6551 on the afternoon of December 8 we
have the following connections :—

December 8, r1h. a.m.

h m 8

.......... 10. 52. ©o© } Obsecver, Flitner.

OB (CERNCE 5 old S o S0 0 6. 10. 52. 325

December g, near noon.
Flitner’s clock.......... 11. 45. oo
BN U5 T Tag . & | oot SR 11. 45. 32°8 } “ 5
Transit clock at Apua ... 17.23.51°0 b
No. 6551 ....... P ...... Z). 10. 30°0 } p g
‘Transit clock at Apua ... 19. 4.40%0
Chronometer (R) ....... 1. 50. 22°5 } ! g
Flitner’s clock .......... 2. 35. ooo0
Chronometer (R) ....... 2. 34. 52°85 2 4
Transit clock at Apua . .. 21. 0. 10
Chronometer (R) ....... 3. 45. 250 } e %

Mr. Flitner was in the habit of determining the error and rate of his
standard clock by observations of the Sun with a transit instrument, carrying
to his observatory, one-third of a mile distant, a half-second’s chronometer.
He considered that his clock had a gaining rate of 0*09. The clock itself
was a fine specimen of Molyneux’s work, with mercurial pendulum, and was
solidly mounted on the wall of Mr. Flitner’s house, where it kept a fairly
steady rate all the year round, being regulated to mean solar time. From
the above comparisons, accepting 009 as the gaining rate of the clock, the
crror of No. 6551 is deduced as follows :—

December 8, 101 52, a.m., No. 6551 fast 27%47

—_08
December g, 11%, 457, a.m., . » 27956 } oot She Xt o i S
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Mr. Flitner’s pocket chronometer was therefore 103 slow on Arua mean
time, and the Apua mean time of his observation of internal contact is
10>, 168

It only remains to state that Waiakiki is a village about 3 miles S.H. of
Honolulu. In computing the following final equation, which represents
. Mr. Flitner’s observation in the same terms as all the others, I have taken
his position as—

Latitude 21°. 16" o” N.; Longitude 10t 31™, 1653 W.

whence the final equation,
77 g1 = — 02283 n + *6529 § R.A, — *7064 3 N.P.D. —0"0343 8¢t —3 B + ¥ 7.

G. L. TUPMAN.
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TaBLE I.—Lever Error of the Transit INSTRUMENT at HoNoLuLy, determined by Spirit LEVEL.
[The sign + indicates that the East Pivot is low.]
T E TE
) 2 & | Level Error . 9 % | Level Error
Sidereal | 2 % | corrected e 2% | corrected
Day. Time of s & for Day. ‘ Time of’ « < EE
gé Level Deter- 8 g inequality of § feee piecns ] S incquality of
g S :‘g § Pivots. § R, :g ',:1: Pivots.
S & S &
1874‘ h m 1" 1874. h m 17
October 2 5 21, 5 A\ + 562 October T 22. 32 A\ + 161
T 22. 10 w + 611 3 23. 36 W + 2°72
T 22. 14 w + 628 33 23. 40 w + 197
T l 22. 18 E + 586 R 0. 45 A\ + 246
T ; 22.23 E + 615 R 1. 40 w + 347
T 23. 22 E + 608 X0 5.35 W + 116
l NoO 6. 20 W + 126
3 T 19. 59 E + 537
® T 20. 2 E + 514 91 XNo 22. 35 w + o070
5 20. 16 w + 517 NO 23.25 w + 167
3 21.19 E + 556 . T I.20 W + 233
NoO 0.49 E + 58 T 2.35 W + 302
NO 1.38 W + 537 R 5.35 W + 2'10
~o 1.55 W + 7'09 R 6. 50 w + 357
4 R o. 50 W + 480 11| NI 0. 28 E + 122
1. 30 E + 641 NI o.55 ) + 145
3 2. 15 E + 647 6. 50 B + 2711
R 7.10 E + 220
October 5, 3h. Altered Azimnth and Level Screws.
5 R 19. 36 E + 2°23 12 o.54 E + 086
R 20. § w + 1°58 1.47 E + o021
R 21.10 W + 2°36
No | o. 20 W + 265 14 T 0.53 B + o018
~o 0.53 E | + 308 & EREININT i} o6
o 125 L P BE 15 | No 23.25 w — 034
T 20. 6 W + 073 NO 1.20 w + 064
T 20. 45 w + 1°02 T 6. 36 W + 102
T 20. 50 E + 1°75
T 21. 36 E + 1°81 13 g 0.13 E v Gal
- o3 W + 15k . R 2. § E - 380
» 1. 30 w + 2°56 17 T 19. 43 I - 354
I 2. 35 W + 332 T 20. 37 B - 363
7 X1 o 10 W + 099 No 0. 10 E - 30§
N1 20.43 W + 1°45 Bg 1.25 E - 318
N1 21. 3 w + 151 = o e L - 313
N1 21. 45 W + 2021 B 7-15 E =87
b 22. 35 w + 167 18 T 20. 34 0 - 33
R 0. 10 w + 2°44 /Y 2. 15 E - 266
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55 | B g
< £ | Level Error . 1 g & | Level Error
Sidereal = tf rrcated Sidereal &’.' @1 corrected
g o d 8
Day. . Time of % g for | = . Time of o : o
g Jeeval Dptpr- g g inequality of § Towal Peter; g g inequality of
= fr 8 .2 7 it 23
ﬁ‘ mination. .*é = Pivots. E mination. .g =) Bivoie!
= ~ o] fm,
1874. apa % 1874. h om ”
October 19 | NO 21. 40 i — 230 November 3] ~No 0.10 w — 046
o 1.25 E — 262
4 R 5. 50 E - 120
20 R 21. 20 E — 231 r 7-25 E — 091
I3 22.35 E — 251
~o 1.25 E - 202 50 = g = = e
» 2. 50 E - 218
21 i 22.20 E — 254 NO 7. © E — 0745
o. o E — 2724
AET w = oy 6| ~o o. 30 E — r1o4
= 6. o W — & NO 1. © E — o081
R 6. E — o052
22 | KO 23.37 w - 336 7. 55 E - 127
T 1.42 W - 219
5 s oW | s 8 = °'4: il e
& 6.55 | W | - 157 2 2 WOl = me
NO 7. © w —~ 049
23 1. o w - 219
o W - 15y 8 T 1. 30 E — o052
6.25 E + 0°20
24 | NoO 1. 30 w — 2706 R 8. 25 E - o'19
r 5. 50 w — 2'00
9 R 0. 50 E — o068
25| wno 2e\255 E — 244 i 2. 30 E — 097
R 3.10 E - 2°64 NO 6. 20 E - 026
26 | No 3. 10 E - 133 10 | NO o.30 w + 032
No 4. 15 B — 136 NO 1.55 w + 048
R 5. 30 B - 136
I 7. 20 E - 1'14 11 R o.35 \\4 - 049
2. 20 w + o1y
27 R o.55 E — 084
B 2140 L = Tey 12 Gy 1.29 w oo
a2 455 Bl — o4 R 5.5 w + 0745
D2 6. 1 E - o7t R 8.45 w + 309
- o = 13| o 0.6 | W | — oss
Y g L =170 NO 1.25 w + o087
29 R 0. 55 B - 189 % Ak B e
R 2. 40 E - 140 3 7299 ol |
T 8. 4 W + 189
30 1,25 E — o084
Y L 30 - 133 14| vo 23. 55 w + 016
NO 2/os w + 1°46
November 2 (T 23. 56 w + 012 R 5.55 w + 1°00
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C o DO
cE =3
= & | Level Brror = & | Level Error
Sidereal Sw Sidereal S
o) (o corrected o corrected
. ) ] 5
Day. | Timeof . g for Day. M S E for
1 - -
g e 2 @ | inequality of § i i i 2 5 I inequality of
g mination. | 5.8 : g mination. | &S .
5 Z = Pivots. 3 52 Pivots.
o [=¥] o s |
1874. Brogs ” 1874. h om ”
November 15| ~No 20. 40 W -~ 036 December 1 T 1. 44 E - 387
R o. 55 w + o006 T 3.15 E St
NO 70 1® B - 3384
Some Cement, in a semi-fluid state, was poured nnder the Piers. i oL 5 — 332
16 T 6. o E — 192
T 229837 E — 202 2) 5. 50 E — 358
R o. 55 E - 166 T 12. © E - 342
171 No o. § E - 2°99 T 1. 30 E — 462
] NO 6. 5 B0 — 404
22 1.42 w -~ 366
34215 w — 2°97 4| ¥o 0. 50 E - 38x
NO 6.45 w — 281 No 1. 55 E — 4’14
R 5. 50 E — 355
23 | ¥o 0.35 w - 330
¥o 1. 50 w - 2°91 5 R 0. 45 E — 394
NO 7. 10 E -~ 309
E N 1 25 K = e T 12, 15 E — 283
6. 10 w — 245 .
6 T 22. 20 W — 408
24 T 1. 39 w — 346 e W — 346
25 R o.55 w — 392 2| = PGS w - a4
® £eg i R R 0. 45 W - 372
' ey & — 38 NO 4.55 w - 271
26 | No } o. 5 W. — 362 3! o .35 w o,
no T.40 i - oI NO 1. 30 W — 313
NO | 7. 58 w - 310 . 5 3. 7 w — %,
i
27 | ¥o [ 1. 45 w - 382 a L e i — 418
i
ok D EE N B R 9| wo 055 | W | - 355
g 3o W S R 5. 50 W — 362
9.17 w — 206
10. 15 w - 2'09 10 R 0. 45 w — 405
No 5. 50 W — 304
28 T 1. 52 W - 310
NO 7. 50 w - 340 11| No 1.42 I — 361
9.20 w — 271 R 4. 50 E - 394
R 10. 20 w — 118
12 R o. 30 E — 303
%) R . 55 - 3
4 ) il 3P 13 T 1. 45 B - 474
T 10. 55 E - 391 g
5. 10 E — 4766
3o | No 1. o E — 3.58 14 R 22.53 E — 443
R 6. 20 E S Ak R 0. 55 E

~ 443
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Yt o G .
S ¥ l SN
] § Level Error . 2 & | Level Error
Sfdereal SL | corrected Sl‘dereal =% | corrected
Day. e } 3 % for Day. Fiiageich 5 § for
: £
§ Level Deter- g g inequality of § Level Deter- g g inequality of
ha! R 3 nh b
2 e l cAcT Pivots. 2 g S Pivots.
o © = o
o | = o | &
1874. k m t »” 1374, h m "
P December 15| ~No L. 20 B0 - 339 December 31 R 0.25 E - 2'02
R 5. o E | — 286 T 13. o E — I'04
| T 13. 45 E —~ I'10
16 R 235 5o (Wil - I - 1'30
R 1. 45 | B — 2'64 1575-
o Pt E | — 238 January 1 NI o. 39 E — 2°41
1 !
NI 13. 24 E - 215 ¥o S Fs L & s
NO 7. © E - 068
17 | No 1. © E | = 236 14. 20 E — 087
R 6.25 E | - r92 T 14. 48 E - 065
NI 13. © E — 2-31
NI 13.25 E — 254 [ i L gRie
5.55 E — 068
18 I. © E — 231 T 13. 50 E -~ o016
13.31 w o — 248
3 R 13. § E — o009
19 | No 2845 w — 327 R 14. 15 E + o040
NO 6. 25 W - o779
4 R o. 35 E + 000
20 |- No 3.45 W — o098 T 3.48 B - o029
NO 6. 25 l W — 033 12. 20 E + 1'11
2 5200 | W — o838 5 R 5452 E + 020
8 o w — ool
- w W — oo 6 R o. 42 E - 1'14
R 1. © w —- 252
22 | NO 6. 45 w — 043 T 6.35 w - 046
T 13. 30 w - 095 T 6. 35 w - o052
T 0 7. 10 W - o018
2314 jo 7% B = R 12, 20 w - o'10
24 = z 5 12 A 7 0. 40 w - 203
26| R 6.55 W - 199 T R W T 2
T 4. 3 W + o026
27 | No 5.17 w - 186
| - g | w1 0. 55 A\ - 2%
December 28, 173" Earthquake, = 124 W = » 8
29 | ® 0. 15 E I - 182 IR -SOMIE Wl - o=
x® 0. 15 B |- o) b 13,23 W — o004
NO X — 2
'y 2’45 ﬁ 202 9 T Fea i1 w - o066
P L¥ | R R 13. S w + 55
30 | w1 0. 57 B ‘ - 247 R 13. 55 w + 035
R 5. 50 E — 2718 10 T 0. 40 w ~ 250
NO 13.15 E 175 6.25 w - 082
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€ CE
o & | Level Error = & { Levcl Error
Sidereal E ‘cé corrected Sideraal g (?_5 correeted
Day. Time of w 3 for Day. ! Time of « 2 for
g;; Level Deter- g S inequality of § Level Deter- 5 g i
g mination. | = Pivots. g mination, | =8 Pivots.
o el o &
o ~ | © &
1875. L /1 1875. hom ”
January 10 T 13.23 w + o003 January 20 T 1. 5 E - 372
7 14.20 w + 045 R 6. o E - 303
R 8. 30 E - 316
11 5 1.15 w - 115 - Lafle 1 =
R 5.58 w + 032
T 13. 20 w — o018 21 NI 1. 50 E - 335
T 7. 40 w - 317
12 R 1.20 W - 115 7. 57 W = S
‘R 12. 45 w — 040 8. 57 w - 213
13 o. 42 w - 232 =1 s W — 385
12. 50 w + 016 - 8. o W mippu
15. o w + 107 " 40 W - 278
14 R o. 5 A\ — 216 @ e il - 77
® A i ~ Gem 23 | ™1 1. 50 w - 349
NI 14. 36 w - 131 = 6.25 W — 23
G B N w — 82 NO 10. 50 w -~ 186
R 3.36 W - o'I0 o o 2% W — 353
r RS w = e NO 6.15 w — 255
16 . L. 25 w - 3y r 11,15 w - 162
T 1. 30 w - 330 X 2y 55 e - 17
R D W = 25 g 2. © A\ - 310
R it e - 1 12.25 w — 203
NI 13. o w - 44 T 13.20 w — 1'44
NI 13. 30 w - 150 N0 15. 15 W — 2%,
17 NI 0. 57 w — 2'58 26 NI 2. 21 w — 327
NI 1. 35 w - 284 NO 6. 50 A\ —~ 1-83
R N s w - 147 1O 1 - 234
R 6. o W - 1'53 14. 15 E — 267
K 15. 20 D - 1'92
18 | NI o 9/ E — 2°51
> e E _ 283 27 | NI 2.28 E - 312
R 5.30 *‘E - 171 ¥ 5. 55 E = 023
s 60Ys % e g 13. 5 w — 2745
NI 15.28 E - 130 ks I4. 58 kit FaLes
NO 15. 55 w — 2735
19 T 1. § E ~ 309 28 | N1 2, 36 E — 2°g0
T 1. 47 E — 293 NO 6. 33 E — 2715
T 6. 25 E - 280 14. 55 w — 203
Gy 6. 50 E — 2'70 15.15 '\V - 1°73




TaBrEs I. anp IT.—LEeveEr. Error AND CoLLIMATION OF THE TRANSIT INSTRUMENT.
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Gy - { DY
c B =] E’,
’ = 2 { Level Error = & | Level Error
] Sidereal £a o otad Sidereal ga corrected
| Ti f s Time of Ty
Day. p mg 2 o Txa') for Day. p o ‘483 s for
; g Level Deter- 8 ¢ | inequality of ;f Levd Petcr- 2 © |incquality of
o mination. | =S Pivots 3 mination. | £33 P
A | &= . 2 Sle i
o A I S &
f
1875. h m iz | 1875‘ . h m ’”
Januvary 29 [ NI 553 w — 340 Febroary 3| x 2 % B — 397
R 5.55 w - 190 | XO 735 E — 381
14.55 w - I'24 i
15. 32 W L B 6 T 2.48 W - 333
~NO 7.26 | w - 31(?)
30| w1 2. 35 B —~ 238 | |
5D o B - o8y 78 R 3. 10 ‘ w - 2°84
“r 15.32 ] — 159 g 7233 S i
. 16. 15 B R X 12. 0 v| W - o9(?)
, N1 15.40 | W — o059
31 T 2. 38 E - 260 2 L0859 o i
» (5 B 4 — 146 " e W — 464
> i b > = 3 83 | W ~ 3500
x 16. 55 E - 2% - s W — 20(?)
NO 15.40 | W ~ o088
February 1] N 2. 24 4 — 3-58
© 6. 4 E - 329 R 3.19 W -~ 369
N1 9. 30 w - 1’44
2 | Nx 2. 52 ) -~ 456 13. 5 W - 124
XO 895 E - 3352 15.55 w -~ o080
|

TagLe TI.—CorrmiaTioNn of the Transit INsTRUMENT at HonoLULU, determined by OBSERVATIONS of
a CIRCUMPOLAR STAR, COLLIMATOR, or the MeRIDIAN MARK, with REVERSED PosiTioNs of the

TRANSIT AXIS.

Reading Reading
of Micro- of Micro-
3 meter for 3 meter for
i Uy Coinei- Day L e Coinei-
: . - dence of 1 : dence of
§ observed. Center 'Q;, observed. s
o Wire with g Wire with
2 Optie Axis, o Optic Axis,
(@] o
1874. r o 1874. ' r
October 2 T IPQIATHS,. .10 opopes ool 20°274 October 10 T Collimator. ........ 20°286
3 iy A Ursee Minoris .... 20°232 15 T Collimator......... 20°302
~o | PaelaBig............ 20°176 T Collimator. ..... o Jo 20° 304
4 x Polaris...... 39 Tond » 20°218 T l Cephei 51 ,.000vues 20°316
5 x| A Ursae Minoris .... 20°218 & P [At Noon, adjusted
6 o A Urse Minoris .. .. 20°266 the Micrometer.]
T Collimator......... 20°218 Collimator......... 20003
10 a0 Collimator........,. 20°292 21 Polaris.......... .. 20°032




74 Transit or VENus, 1874. Howvovuru.

Reading Reading
of Mic;o- of Micro-
Object B Object R
Day. . dence of ey . d OIDCI-f
g observed. Centro 5 observed. g’;g?e:
g Wire with g Wire with
E Optic Axis. = Optic Axis.
| .

1874. = 1874. r
October 23 T Collimator......... 20°043 December 5 T Meridian Mark..... 20° 108
November 4 T Meridian Mark..... 20062 N1 | Collimator..... 9000 20° 109

6 T » oo 20°072 6 5 Meridian Mark..... 20°102
[At 4. (Solar) ad 10 NI g " coooo 20° 108
t 42 (Solar) ad-

justed the verti- Ml T B 05000 20°105
cality _of the wires 14 R > ml L - ¢ - 20° 094

and tightencd up 8 4 .
the screws. ] t 5 L@l ook Zogunt
| 5P, Meridian Mark. . 20°068 > N 2 goces ZORICH
T » ” . 20°069 23 i » 20'109
" 18h, . . 20080 26 NI Mer. Mark (unsteady)] 20°116
7 T 5, o .. 20°068 27, ¥1 | Meridian Mark..... 20°113

T 18h. - .. 20070
T ,s Collimator..... 20°072 1875,
8 T Collimator......... 20°064 L 3 * Meridian Mark.. ... 207120
9 T Meridian Mark. . ... 20°067 § i 2 E =t
10 T Collimator. ... . Joag 20°085 '3 & D : 207120
7 - 20°075 = = B 90000 Zogls,
TP Meridian Mark..... 20°078 1§ T PR | BN o8R0 20°115
11 9 g 00000 20°076 1§ 7 2? 20°108
15| w1 | Collimator ........ 20°083 25 T LRI 2° 000 FOFIT
- 20080 24 R <3l cDboo 20°I11
! ® 00000000
21 T 3 BT . 20°079 2 x SEPTEE ° o ZORITY
28 NI o 20° 111
December 1 T B 20°096 31 7y b 20°114
T Meridian Mark..... 20° 101 F¥ebruary 6 T % . 14 20°110
2 T l e I 20°097 | 8 7y e L. 20° 111
f {

TaepLe II1.—AzimurE ERrRoR of .the Transit InsTrRUMENT at HonNoruru, and OBSERVATIONS of the
MERIDIAN MARK.

[The Sign + indicates that the Optic Axis poiﬂts East of South.]

Approx. | . Apparent
Local 2 e
Day. S ttn £ Stars or Meridian Mark. Error of Remarks.
Time. | 2 Azimuth.
<
1874. g ”
October 2 12.27 T | Polaris......... ... kPisciam .......... +1542
3 7. © T | A Ursa Minoris .... p Capricorni........ +12°70
12,23 | xo | Polaris ........... 20Ceti 0oovvrus.en. +16°56
4] 12,19 R | Polamig............ e Pisciam ... o +17°50




Tapre ITI.—Azivure Error oF THE TraNsIT INSTRUMENT (continued).

Approx. | . Apparent
Day. i‘fcf:} E Stars or Meridian Mark. Error of Remarks.
L
Time. | & Azimuth.
Qo
1874. b om 4
October 5 3. o T Azimuth and Level adjusted.
6. 52 R | A Urse Minoris .... B Capricorni........ — o°0b
12.15 No | Polaris........... . vPisciom .......... + 6:84
6 6. 49 T | A Urse Minoris .... B8 Capricorni.... ... + 232
12,11 Tolanis® 4, SON Cuf _FoCatille re tan s + 5+11
7 6. 45 ~r | A Urse Minoris .... p Capricorni........ + 1°75
3| 10.17 T | Radcliffe 2705 S.P.. u Pegasi....... 5o + 4°15
T2/ 085) R [N Polamis. 25 MG N6 Cet s - e + 683
178 50 | & Ursze Minoris S.P. « Orionis...ecevve.. + 7°43
17532 gl Nod |l Cephei Safoa: Y. . # OrioniS. oo veneen. + 592
94 I2. O T ||[FPCIacies ™ . (5.2 2o v Pisciame® % |5 A8, + 4°29
16. 59 & Ursee Minoris S.P. Cephei 51 ....000v0.e + 7°43
11 11,52 NI [ RIS & ctercliore o FBACRLE «witie o) o ol Bte + 4°67
17.20 R | Cephei S1...00000. oy Cauis........ + 4°'91
12 | 11.48 T My Polaris. .t N« ooe 7 Piseinme . TW - 1°61
14| 11.40 T | Polaris............ €Piscium .......... | + 367
151 11.36 | ~o | Polaris............ ePisciom .......... + 1°63
16. 35 T | & Urse Minoris S.P. y Geminorum ....... | + 485
17. 2 | T | CepheiSr......... €Canis............ | + 460
16 | 11.32 R [NPolaris: . i . ittt S PIBGILM X ol ope « 3 7o s + 3-75
17 | 16.27 ® | 5 Urse Minoris S.P. » Geminorom ....... | = 6°19
16. 56 R | Cophei St .....cuor & CADIE ol siope s by o a5
19 11,20 T | Polaris,..covvvves. Aquarii . .,.,.... — 7°'35 | Polaris boiling.
20 | 11.16 | NO | Polaris............ aPiscis Australis.... | =~ 5:75 | Polaris boiling.
21 | II.I2 T | Polaris............ a Piscis Australis.... | = 4°80
16.40 | xo | Cephei 51......... 7 Geminorum....... | — 5°'88
220 11. 8 T | Polaris............ v Piscium.......... | — 383 | Cloudy.
’ 23| 11 4 T | Polaris.......%.... x Andromede....... — 348
25} 10.56 | ~o | Polaris............ »Piscium .......... | — o'12
26 | 10. 52 TS ISEaINrISE . f o o b, e Cetil. L TS — 5°60 | Polaris flaring.
16. 20 B | Cephei Sy ...oon.. €Canis ......c.... — 0°64
27 | 10.48 ® | Polaris............ »Pisciom .......... - 1°67




76

TraxsiT or Venus, 1874. HoxonoLu.

Approx. | . Appareunt
Day el £ Stars or Meridian Mark Error of lemarks
J . Mean = Aan X . Vi v S,
Time. 2 Azimuth.
o
1874. h m ”
October 29 | 10.40 r | Polaris....... it p- | BRI GIUM b ey LY ope + o003
3o | 10.36 T |BRolamis. .5 85 SN0t S goRisaimm Sk L A L. — 2°64
November 2 | 22,27 T [ Pelaris, SiPus. ... v Pegasi . - o Nk + 1°60
3| ro.z2t1 xo | Polaris. .... 38 Beng 3 (Ol sts v e /oo - 562
20°117 W.
¢ 4o | 7|y Ly 2o AR - 5430
20°008 K.
15.43 R | Cephei 51 ....... ee Camig .. .8 000 - 379
51 10.13 ® | Polaris............ € Piscium .......... | — 5°92 | Polaris flaring.
20042 K.
6| 40 | 7 [ By 1 Bl — 646
20102 W. e Bl )
Adjusted the verticality of the |
4. 5 T wires and position of zero.
20°057 K Tighteued the base clamyp.
35 | o | \[.{ r s AN 2T N
v X 20°079 W. 14
o | MM {20'058 E.
. 40 ), e BV 1586004 B0 o S L 4 = 770
"’ 20'081 W. (1Y)
10.10 4 ¥NO | Polaris. .o loelep it e Piscium .......... — 3:54 | Polaris blurred.
15. 9 R | 8 Urse Minoris S.P. e Canis...... SRR - 3-53
‘174 W.
oo | m M.M.{20 i } .................... - 310
19°986 1.
20°104 W.
7o 1 5 au e faasl S S I S | =n6tss
20°033 L.
10. 6 R | PolariS....000ee... v Piscium.......... 5 — 4°47
15. 4 NO { 3 Urse Minoris S P. 6Canis ............ — 523
15.33 | X0 | Cephei 5t......... € CAmISER]. &l g oo — 310
*133 W,
18.3 | T M.:\t.{m 170 P s U .23 - 478
: 20°007 K.
8] 10. 1 T | Polaris...... S e A B o Soohdnod o — 2703
16. 37 ® | A Urse Minoris S.P. « Canis Minoris ..... — 2'20 | A very faint.
18. © NI M 105960 T o KL LIS SR SRR oo | = 2775
2340 T - ML 11202090 Wi E it o i sl e S s — 7+08 | M.M. boiling.
20°050 W. e
9| 5.0 | r M.M.{ } ....... P i, S - 736
20°084 Ii.
9. 54 RSP OIATIS . ot o Seleenee o 7 Piscium .......... — 8:65
14.58 | NO | 5 Ursee Minoris S.P. < Geminorum....... — 6'66 | Rain and clouds.
15.24 | NO | Cephei 51 ......... eCunis ceeveue.e. | — 5'01 | Rain.
w0f 5 0 | T | MM 20057E.... 5. 2 MO il - 7'20
F 9.54 | o | Polaris....c..uvn.. v Piscium ....... Vv — 5+29 | Rain and clond.




Tasie III.—Azimura Error oF THE TRANSIT INSTRUMENT (continued).

77

Approx. | . Apparent
Day. {’&c,:ﬁ ?:' Stars or Meridian Mark. Error of Remarks.
A i @
Time. 5 Azimuth,
(o]
h m ; &£
1874. 20139 W.
November 10 | 19.30 T | M M.{ 1 y } ........ 23 8008800y — 4°89
20°017 Ii. .
r 20°039 1.
! T | MM } ............ oy - 62
5. @ izo'n3\\«'. &
9.48 R’ { Polaris.....c..ou. VERISCIIN op. s s ons s o's ~ 6°47
19. © T S RTINS N Kowtd GG 8.0 3T B ok O D - 371
N1 20137 W. 3
5. M..\l.{ ............... ST T
- % T 20°146 W. j' e
9.45 T W Eolanisl, ANV SL yIRigCIam™ . ... . g — 116
14. 44 | 8 Ursee Minoris S.I>. 51 Geminorum...... + 0°53
15.13 ® | Cephei 51......... & Geminorum ....... = oidd
16. 25 n | A Urse Minoris 8., § Argis..... 0™ 0B — 1°07
% 19. © AU L U oy 2 a7, G B I Bat J0k 185 9.0 o otiod + e
X1 20°168 W,
3] 6 o M.M.{ } .................... - 13
T 20°170 W.
I 9.4 ~o | Polaris............ € Pistinm .. . 4.0 Sk - 0'72
| 4 3
14.48 T 8 Urse Minoris .... 51 Geminorum ...... + 0°29 Very eloudy.
i5. 9 t | Cephei 51 ...cvu... PACrmis Y AT TN + 0°37
18. o PO o BT Y LGS 5 e o e G A 0°00
14 5. 30 NL | MM 200183 W, ittt iieieiieann — 253
9.43 ~xo | Polaris............ € Piseinm .......... — 0'95 lain.
15.15 Ter HRCERITEI ST R ISP 2B Canith. L, N M e L ~ 1°54-
16,15 i | A Urse Minoris S.P. « Canis Minoris ..... — 0°'97
19. 30 NI AINAMY. 200 220 AW, UL SO IR Lt S - o039
|
LSHIMR0S55 r | Polaris....... Josoer pRiscinmy. S, e 2 - 173
| 18, o | x1 [ MM zo253W. ...l R + 1041
|
16 | > Liquid cement was poured nnder
| 929 R, [SEolans . ks ot S Cetin N A, Mg ~ 1°08 the piers.
1 Zonno | INals: RSy ok gon .o ol e + 1°75
17 | E e oy T [ AMEORO 6.0 . o % oyt stefs e o o e - 2°08
l 19. © 2000, MM BT 0,70 3 BT %« o DL L N . + 0'06
18] 18.30 N I R R S LA — 101
21 l 19. © T S RN AN A S T A A - 18
22 ) N SEG NIRRT S0 on W & ... et ek L - 157
9. 20 TN EROIREEE . L . . o Piscium ..... o + o'12
S 1ES K6 ~o | & Urse Minoris 8., » Geminorum ....... + 1°39
' 14.34 | ~o | Cephei 51 ..., g (CLT 5 AR R + 189




78

Transit oF VEexus, 1874. Hovoruwru.

Approx. | - Apparent
Local & I3, 3
Day. T 5 Stars or Meridian Mark. Error of Remarks.
Time. 2 Azimuth.
=}
1874. B om 7 ¥
November 22 | 15.43 | %o | A Ursa Minoris S.P. & Argls............ + 077
19. © T [ MM. 20270 W, coevvenne, 28 500 Sl + 2°26
23 5. o NI | M.M. 20°203W. s
ot Sy WA Tl ot -1
.. r | MM, 20203 W. »
9. 2 ~o | Polaris........ shee  pPifeiam .l 2. 3 + 2°58 | Polaris boiling.
13.47 T | € Urse Minoris S.P. B Orionis........... — 0°40
14. 4 1 | 8 Urse Minoris S.P. ¥ Geminorum....... — 1°0z | Bad observation of 3.
14. 31 r | Cephei 51 ........ o eACRBISLL o et e + 2°65
15. 43 % | A Ursee Minoris S.P. 8 Caneri .ovvn..... 9 — 1°95
21, 0 | m1 | MMM. 20260 W. ........... sA8 W6 30500 + 1°64
24| 5.3 MEMy 20276 WE -+ SR, B L L BAAMEMEIg6
.35 Polaris............ aEridani........... + T1°00
19. © MEM.. 120237 Wi A AR S SR B R R el ™ + 0°23
251 18. o BT MM, 207240 Wi oiee o bl ol b AAR AR + 0°34
20. 53 T | Polaris S.P........ «aVirginis........ || - #1003
26 4. © N1 { MM, 20°205 W. -
T i) R fomie WN . Sh 2 aoie sy g 74
8. 51 NO | SBolaris Y% % et - op (vePiseium Y. Gt + 1°04
20. 30 20 |9 I G X 3k i SME0 S5 6550 080 GuIB 6 5 65860 + 0°74
27 5. o NIg e Me Me512054236 Wi o o Byt 2. Xl — o016
8.47 No | Polaris........... . » Piscium ...... il + 1'09
13. 46 ® | & Ursze Minoris S.P. ¥ Geminorum....... + 1°41
14. 15 R | Cephei S1....... deo€2Canis o, . 0 + o0'97
15,25 R | A Urse Minoris S.P. « Canis Minoris ..... + 0°34
3. oM 238 5 .
S Y b i (A S e e + 2709 | M.M. boiling.
18 10 T { M.M. 207271 W.
28 S0 T | MMM. 20°197 W. 53
FETRAT . DA P 3 B0 - 2
S NI | M.M. z20°193 W.
8, 51 T | Polaris....... PR o1, (O PR e DO & + o001
14.14 | ~o | Cephei 51......... & Canis Minoris..... + 111 | Cephei 51 faint,
20. © T I SV S 20 2/66 (Ve . ok R R + 1°39
29 5. o NI MM 2o 63 TWE, T L Y e e e + 1°16
3.38 R | Polaris............ » Piscium.......... + 0°38 | Polaris faint.
18. 30 T VIS 199 SHE.T. [l SR S R L + 1°75
30 8.32 | xo | Polaris......... v oo 10/ C bR A + 1°53 | Polaris blurred.
13.34 r { & Urse Minoris S.P. v Geminorum....... — 2°03 | & faint.
14, 1 ® | Cephei 51......... e CROINM NNl o ln — 0°73 | Cephei 51 very faint.
19.30 | ¥ | M.M. 19°986E............ IR s L = 2anf
December 1 3. 29 B 1821011 o R R A S S (1 S L oble & 6 0 o B 0. + o0°18




Tapre III.—AziMmute Error oF THE TRANSIT

InstRUMENT (continued).

79

Approx. | . Apparent
Day. %‘fec;: | g Stars or Meridian Mark. Error of Remarks.
Time. | 2 Azimuth,
. o 3
1874. LI ” :
Deccmber 1| 13.30 | No | & Urse Minoris, S.P. 8 Canis Majoris ..... — 1°91 | & blurred.
13. 59 xo | Cepbei 51 ......... v Geminorum ....... + 2°05 Cephei 51 blurred.
19°964 E.
19. © 7 M.M.{ 2§t 50506 5D 0 3GoOGol JHlo -~ 0°45
20°238 W.
19°981 E.
2 5. 30 T M.M.{ N 90 ¢ ol 8 . Il 4o Mk - 1'96
20°213 'W.
13. 26 ® | 8 Urse Minoris S.P.. » Geminorum ....... | — 2-58 | Jfaintand unsteady.
13.55 ® | Cephei 51 ....... .. v Geminorum ...... + 0'89
15. 4 R | A Urse Minoris S.P. & Argis............ | + 1°20
19. © MEN-ESiio2lo 678 WNES . 8 o e coesvans o — 084
3 5. 20 B M I 6T A B bl ot A AR IOt G —~ 0°'9g5
8.23 Polaris ..... MY 54 ¢ Piscium .......... + I1°71
19. © TN TCES 1.2 L s T e A + 1°36
.
4 5. o Nt | M.M. 19974 E.......... 59 0.0 900 I6'0.G 300 — 095
8. 25 No | Polaris ...u....... » Pisciom .,..... 5 O + 2°68
13.18 r | & Urse Minoris S.P. 7 Geminorum..... e + 0°90
13. 47 r | Cephei 51 ......... ¥ Geminorum....... + 2°91
18. 45 Nt | M. M. 3 E.
& e 42 P00 0 0.0 M oD ® PO + 226
= N1 | M.M. 19-917 E.
5 8. 14 R [LPelaris " MR T i y'Biseium & . o arh + 2°18
13.13 o | 8 Ursz Minoris SP. BCanis ............ + 2°57
19°920 E.
19. © T M.M.{ Ay 850 0c ol 0 JBadE8000 . + 2°26
20°296 W,
0 E.
6| 510 | r M.M.{19 ) L ity ; e BTl + 051
20°260 W.
8. 11 T IR alRnioRy bt Nl o 7 Piscium ....... e |+ 1784
21. © Nt | MM. 20286 W. ..oc.ovvvnnnnn B KN, A - + 180
1 7 Sxfonnl || s TR0 B GIET00 PR 6 ABG08 0b & SO B tion PR AR <13
8. 7 i | Polaris . ... 0.0 . 7 Piscium.......... 2GS
19. 2.5 NT R MM 2048 13w W b 8, 0 oL + 327
3 5.30 N | MM, 20301 W. ..........l S, o P + 259
8. 3 | No | Polaris.......... 2o e CIRiSCIUYY oo % LA e o + 3-84
14. 39 T | A Ursee Minoris S.P. 6 Caneri ........... + 0°94 | Afaint.
22. © NSRS« 2/0°7206. W, - &2 akoge e elekeToo o oio1eT510 70 + 231
9 6. o NI | M.M. 20°299 W. ........ ceenasis 000 + 2°42
7.59 | xo | Polaris........... SPRCACL N e o o + 2°28
12. 57 k| & Ursee Minoris S.P. 7 Geminorum ...... + 3-07
19.30 | ¥ | MMM. 20324 W. ........ o al N Y N W S




80 Transir or Vexus, 1874. HonoLvru.
2 r
Approx. | . Apparent
- L.oeal 8 3 1 ™ ) 5
Day. Mean £ Stars or Meridian Mark. Brror of Remarks.
Time. 2 Azimuth.
(=}
1874. R 1"
December 10 5. o oNf | ML, (2o 280 AW SRS e %0 005085050 + 1°86
12.53 x0 | & Urse Minoris S.P. 1 (Geminorum....... + 2723
;20'332 W.
19. 30 N1 | M. M.{ ? } .................... + 4°22
19°886 L.
20°287 W.
I SENO iy M.M.{ I LE LT N AP ROy 8% B + 1-89
19924 E.
7.50 | %0 | Polaris............ AP EB s 0Bt 0 o oF 0 + 4°34
12. 50 ® | 8 Urse Minoris S.P. » Orionis .......... + 5-a1
19. © X0 B, [N (BT TGO 6 06 0.0%08 6 050t B o e + 4°59 | M. M. boiling.
12 5. %o o 0L o STORGT IS s Bod . 508 50 306 6 ap 50 + 1:80
7.47 R, N Rolaris o rfer A . . - 0FC ab1 . 5.l oy LRt + 4°27
21. © NI {M.M. 19°883 K. ...... .., + 4°34
13 4. 30 ROl [0 5 TG 308 0686 5 6 54 6 06 600 060 006 6 5 + 4°28 .
7. 44 YR el ] oo o § Ao SO 7 Piseinm .......... + 7°55
3 RO M.M i e } + 41
.30 t O (A S 5 G0t b o 0 e BTG £ g :
3 . 7 {20'316“«'. oLy
7. 39 RSP0 IHTISN S v P Y- 1o 7 Piseiam .......... + 6°07
15 5. o ORI G eGP0 o6 00! 9008 o 90006 4o oo 009 3 + 4°50 | ML M. boiling.
7. 34 NO [ Polaris....oevevens 0 Cotib. o o i W, + 6°22
12. 34 ® | § Urse Minoris S.P. v OQOrionis ........... + 4°33
19. © N | M.M. 19850 E. ..iiiiiiiiieiiiiieeen + 619
16 12. 30 X0 | § Ursee Minoris 8.P. 7 Gemincrum....... + 715 & blurred.
13. o | X0 { Cephei 51 ......... v Geminorum....... + 7°67 | Cephei 51 blurred.
1g. © WMV OEPEGMBE 56 085043 00 0% 068006080 0 0 + 636
17 55 not IENT - SMOME S lgT 8 SIS, Sttt B G Goanch PRaR (0
7. 30 No | Polaris....cooeeso. p Piseiume o, oo s + 7°82 Polaris faint,
12. 56 2 | Cephei 51......... ¢ CENiEi ./ LrL nirre + 7°63
14. 3 1 | A Urse Minoris S.P. 15 Argls ........ X + 6°'32
19. o SR D B0y, (S 06518 VBRI T 6.0 0 6,000 adh5403 + 6°81
18 7. 23 R Polaris §o ko daih 7 Piseium .......... + 8:05
19. © T | M. 1{19 Bt v 7
9. 20+397 W. J .................... 7 7]
19 12.17 No | 8 Ursee Minoris S.P.. < Geminorum....... + 361 & blurred.
12. 47 N0 | Cephei 51 ......... v Geminorum ....... + 8:08 | Cephei 51 flaring.
20 Siom (23 NO (UMM - 26: 350 WL T Ll e M + 5-24 y
12. 14 No | & Ursae Minoris S.1’. BCanis ............ + 1°11 & Llurred.
12. 44 | X0 | Cephei 51 ......... B Canis .'...... ol 3 + 619




Tasre ITT.—Azivure Error oF THE TrANsIT INSTRUMENT (continued).

81

f Approx. | . Apparent
Day. Il\‘?e(;q[: % Stars or Meridian Mark. Error of Remarks.
Time. 2 Azimuth.
| ©
|
1874. g ay 7
< 20°305 W,
December 21 5.30 NTO| M. M.{ A = } ..... 35008000668 53 + 273
| 19-912 E.
12. 39 T | Cepheiss ......... ¢ Geminorum ....... + 519
13.49 | T | Ursz Minoris 8.P. 8 Geminorum ...... + 5°36
20. © .' IR NN L 2o GORIAL NNy O, LM T + 614
22| 19. o ! Ll OV G T Y90 T O B 60 o & ot HBOG D b b + 540
23| 5.3 ! T 1\1.3.7.{20.295 &k Pl onds e o
19°924 I,
19. o l T | M.M. 19'9ot E...... PN, YT + 3-38 | M.M. boiling.
24 5.30 i' LR MRS 66l B0 AR5 0 B0 aB o a0 0o 00T + 2°82
13.38 | 1 | A Urse Migoris S.P. B8 Caneri ........... + 4'95
251 19. o g [ R ) O R A S S + 2-87 | M.M. boiling.
19°924 1.
P e e {m. Tog 1y, 1 + 2'48 | M.M. boiling.
27| _5. o N1 M.M.{:‘:‘:g: : } .................... + 2°00
13. 30 ® | DI 200327 Wi s 50 5 00b onb S oo & + 3-72 | M. M. boiling.
28 5. 25 Sory| EMEMIN 03 WE. S0 o g . + 2°90
- Three or four slight earth-
o 18 S : quake shoeks.,
18.45 o 1 [EMIME ! “1gRB TS L, RN oo v oy 3 + 2-3%8 | M.M. boiling.
29 | 5.3 RN ENIONIR <10 9 SONIEL T L T e SEpei A 5 olo 5 oo + 0°48
6.39 2| [PEclaris?: sd ) ooyl 2oNQatin S A= . L + 3-34 '
11. 38 ~o | & Ursee Minoris S.P. % Geminorum...... 5 + 4°76
2. 0 ~o | Cephei 51 ......... 0.Cmmis" qy. ot s + 4°70
3 18. 50 T Pelagis iSIP, =Lt oL a Virginis .......... + 4°86
18, 55 i G R IGT G188 ORBoE S GBI b0 0100 o' 0 86 ¢ + 372 | M.M. boiliog.
30 529 [ SMES MRS 1 oE02 6 L WS Sl e Y + 1°24
i2. 4 » | Cephei 51 ......... FECRRISING &, S 3 + 2°40 | Cephei 51 fuint.
13. 14 [ » A Urse Minoris S.P. « Canis Miooris ..... + 3:32
18. 32 ~xo | Polaris S.P. ....... VAT Sy o L + 424
19. 0 | Yo | M.M. 19°885E. ........ + 4'66 | M M. boiling.
31 5.30 RN MENTEN s1gfig 40 I L L R s S + 1°64
6.35 R ROTATIEN . . el o oo oo, 0 Ceti ..... > MO0 30 + 2°43
18. 40 TERINEOINTIENSBL. . .. ). 4 e Vingiais . .e .. 6 Q0 + 6°02
19. © Welol oA 0 BUT it TR SRR, + 4°56 | M.M. boiling.
1375.
January I T2 ~xo | & Urse Minoris S.I’. v Geminorum ...... + 505
11. 57 NO' i Cepheig5i rr . § T A A A oo + 5-21
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Transit o VEnus, 1874. Hoxorurv.

Approx. | . Apparent
Day. %f:;; E Stars or Meridian Mark. Error of Remarks.
Time. e Azimuth.
Q
1875. o (2
January 1| 18.41 1 | Polaris S.P......... T Bobtis..o..iiunn.. + 6°00
18. 50 T | M.M. 19°879E. ....... 186300 o a5, + 5°12
2 5.3 R OAPMEM. S1o¢ 0361 ELE L LR S L + 1°97
B A 1’ | 3 Urse Minoris S.P. 7 Geminorum ...... + 4°76
11. 53 R’ NICepheilSing & oo o stere Y ICHDIS). . e oo ohers fore + 6°01
18. 37 " BolanisS. P e eie e 01 7 Wirginis s oh . . + 6-85
19°930 E.
3| 53 | T M.M.{m‘s“ R S + 2'42
18. 20 r | Polaris S.P........ ¢{Virginis....... 23 + 5-95 | Polaris blurred.
18.26 NN B 100 ) RSNG4 C oo B8 BRS S 6 h . o + 5:86 | M. M. boiling.
4 5.30 I IR B0ES TR0 50 95550 S5 oo dol q080 G G0 s + 4°90 | M.M. boiling.
5.56 R (WEOIaTis: e R ey o o T3 ARANTIA . B erene (%o 10 + 655 | Polaris blurred.
18.15 » | Polaris S.P. ....... 0 Virginis .......... + 5°33 | Polaris blurred.
18. 30 T SMOM.E 0S8 54 W, . A e S o o oL B + 6°64
s 5.30 O D G 6P NI 60685 90 0 0 0 9 050005960750 + 1°97
6.12 T HEPOIATIB . < lofes e otefere » Orionis . ovuvvnnn, + 4127
11,12 R | 3 Urse Minoris S.P. 7 Geminorum....... + 5°49
11. 41 ® | Cephei 51......... 0\Canis ', .. e + 4°87
6| 540 | & M.M.{W932 O 3 T A N e + 259
20°320 W.
6. 4 B ] Polaris...ocueeren, » Geminorum ....... + 3-91
.17 T | & Urse Minoris S.P. < Geminorum....... + 6°05
1737 T | Cephei 51......... 0 CaniBl. i okt + 5°62
18, 7 R | Polaris S.P......... 6 Virginig.......... + 452
18, 30 R [FMANES 120363 WWgs i vatyai v ors . Ly i + 524
7 5. 40 TN AMLME 2209345, W 10 o L EREV PN S + 422 | M. M. boiling.
5.42 i VEBlatis &L S € Piscium .......... + 5-00
18. 5 T | Polaris S.P........ o ISPICh L MR 3 + 6°32
18. 30 T i MM 2 520° 899 W, . Sl SR 5 s + 7°26 | M.M. beiling.
8 5.30 NI ML MR 2001322 W R S SRTEL k Lee + 2°99
6. o NIg [ WRalaxsl w. L. oot oo oo B7uRanTI LT, S e + 357
18. o Polaris 8.P. ....... « Virginis .......... + 5+02 | Polaris blurred.
18. 30 MEME: 420:B78 W Cluf. o ol LT + 6°14 | M.M. boiling.
9| Ir.25 Cephei 51......... ¢ Geminorum ....... + 4°49
DIZSRE A Ursa Minoris S.P. « Canis Minoris ..... + 4'72
17. 55 R |PECINTISIS (B, iy, 7.8 6 Virginis .......... + 5°19
18. 30 poh | [0, I S Y PV V38 SR8 06 0 it o 00 00,06 Jiog + 4'22
10 5. 10 T | M M‘{zo'zss O ot xS A + 0°96
19°955 E.




TasLe III.—Azivurs Error or THE TraNsiT INSTRUMENT (continued).
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Approx. | A ‘Apparcnt
Day. f\ﬁ?ﬂ % Stars or Meridian Mark. Error of Remarks.
Time. ] Azimnth.
©
1875‘ h m 4 ’”
January 10| 10.57 R | 8 Ursae Minoris S.P. v Geminorum........ + 302
11.22 R | Cephei 51 ........ 0Canis ...covvennnnn + 3-29
17. 54 T | Polaris S.P........ ¢ Virginis+.......... + 3-86
18. 50 O | SN BTSSR 20 3 GnR Wtk o of- i s b8 St b B oDte + 5°24 | M.M. boiling.
1] 5545 | MM 20310 We iiiiriliiieee e + 248
5. 50 T PolarisS s, deteeoncs %50 U IRISEMAE . ¥ers ke o + 3-61
10. 48 R | 8 Urse Mincris S.P. 7 Geminorum ....... + 5-42
11.18 r | Cephei 51 ....... . 1O Eanisy. M 8198 + 4°70
17. 48 v | Polaris S.P......... Spicat.. o T SN 4 + 4°65
12 5. 50 r | M.M. 20018 W...... s s Natdil fosl et + 304
17. 43 r | Polaris S.P........ b, 0 Virginis ........ 'r + 565
18. 40 R | M0M. 20359 W...... 33 ¥ododate o F'do 0.0 + 5°35 | M.M. hoiling.
13 5. 50 T M.M. 20'30cx W...... o T b M Ll 5 + 2°14
5. 50 T | Polaris...... e 404Cetil, o L NS . + 2790
17. 40 r | Polaris S.P. ....... 8 Virginis........ e + 5°56
18. 35 r | M.M. 20°353 W. 1 1
19. o | R | MM, 20'380 W. >...coeieeecnnns coo |+ S5'07 | M.M. boiling.
19. 10 R | M.M. 19°849 E.
14 4. 30 R | M.M. 20°294W...... N Y. . O + 1°75
5.36 reg|REolarisi . . O, 5 L v Piscium .......... + 2°08
18. 50 MM 20 328 B L e el oo b v TR + 3:66 °
15 17.31, r | Polaris S.P. ....... aVirginis.......... + 1°65
18. 35 R | MM 202294 Wt Fo 1 R Rt A Lo kool b ehoto) one + 175
20°254 W.
16 5.25 T '{19'976E. 4500 ogo gt cmt/d §h B0t - o0'50
10. 33 r | 8 Urse Minoris S.P. » Geminorum ....... — 1°06
i3 r | Cephei 51 ......... 7 Geminornm, ...... + 0°33
17. 30 n1 | Polaris S.P......... Cephei5z.......... [ — o'o4
17 5. o NI | MiM., 20°266...0cc0veeccovecrosccsccns + o0°25
5.39 N1 | Polaris.....v.n.. .. »Orionis . c.ceee.... — 1°38
10. 33 r | 8 Urse Miroris S.P. % Geminorum ....... + 0°20
10. 53 r | Cephei 51 ......... 8Canis............ + o'80
18 5. o N1 | M. .{20.23! AL e A Ry Sl . - 137
$ 19°984 E. 2
5.20 n1 | Polaris..... Soowdons Iy Bigeinth . oo 0 ol e — 0°52
5.25 NI | MM, 19°986 E..c.ccvvvnnrionnonnnnnns — 1:51 | M.M. hoiling.
10. 20 R | 8 Ursee Minoris S P. B8Canis............ + 1°11
10. 50 R | Cephei 51....... .. §Geminorum ....... + 0°81
19. © Nt | M.M. 19°909 E.....ccooivnnnen Hdoo 30 X + 3:05 | M. M. boiling.

M
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Traxsit oF Venus, 1874. Hoxoruru.

Approx. | .
Day. {\J;:fxll E Stars or Meridian Mark.
t o
Time. B
(@]
1875. b om
January 19 5585 T, ' |4Bellris., .. .. ot i v Piselum ov.vveen..
5.45 T TIENEANIT % 20205 3RIBT A, Sl R o A
10.15 T | & Ursee Minoris S.P.  5.Geminornm.......
10. 45 T |«Cepliel 51 ..y 3. 0. 18Canis ..k
11,35 T | A Urse Minoris S.P. 8 Canis Minoris.....
20 5.11 T | Polaris............ B Andromedex ......
Y E.
5.20 T M.M.{zo = 38 3bio6 5008080 o b oo s
20181 W.
10.16 R | § Urse Minoris S.P. +y Geminorum.......
10. 42 Cephei 51 ....... .. & Geminornm .......
18. 55 T ke TR TR VRS 460 0'6 3 068 BAGO Q00 0 o0 3
21 5. 40 NI | MMM. 20065E.....00000..
11.45 T | A Urse Minoris S.P. 8 Geminorum. ..... s
22| S.40 | ® [ MM 20168 W....... AT BT ‘
I1. 40 T | A Urse Minoris S.P. 6 Caneri ....... O o
23 SHFOR (| I g SNTANT IS 25 c0a S IR 2 (RS SRR SRS S
10. 5 & | § Urse Minoris 8.P. < Geminorum.......
10. 30 R | Cephei 51 ......... eCanis .......i.0nn
20°187 W.
24| 610 | ® M.M.{ ..... o =
20°034 K.
9.55 NO | § Urse Minoris S.P. v Geminorum.......
10.25 | XO | Cephei 51 ......... 7 Geminorum.......
16. 36 R | Polaris S.P........ o L35 Comms: ... o B A
. w.
A58 s Brspiiee, M.M.{20 e
20°030 E.
16. 51 T | Polaris 8.P. ....... @ Virginis..........
18.50 | NO [ MLM. 20°236 W......... hh oo SR B
26 5. 50 N | MM, 20205 W....... 03 S 158 0
10.18 | XO | Cophei 51 ...e.ovre € CanIS ceveeunnnnns
16. 54 T | Polaris S.P..-... o ACAVHREIDIN S e s 5003
B0 by (G RS TRV B VBB S0, 0 116 6,003 £ 906 066 0.0 0
27| 555 | M | M.M. 20010 Fe.....nnn.. R, B o 3
9. 44 R | & Urse Minoris S.P. 7 Geminorum.......
10. 14 R’ ZI"Cophei 51 ..x. .0 .. L0IGanist. S RIS .
16.45 T | Polaris 8.P....... o oo G VATENIIE SRR 0
'19. 20 NO . NEIM. <20 263 AWk, 5ot sope o ki o e
28 5. 50 N1

20°227 W,
M. M.{ 1
19°996 E.

Apparent
Error <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>