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REPORT OF THE CHIEF ASTRONOMER.

THE OBSERVATORY,
Otrawa, December 30, 1905.
W. W. Cory, Esq.,
Deputy Minister of the Interior,
Ottawa.

Str,—1I have the honour to submit the following report upon the operations of the
Astronomical Branch of the Department during the past year. The correspondence of
the branch from July 1, 1904, to June 30, 1905, was as follows:—

Letters received (exclusive of circulars, &) .. .. .. .. .. .. 1,138
Letters sent < £ S e BB S s I |
Accounts dealt with.. .. .. .. .. .. .. .. .. .. 498

The correspondence, as now classified, is all contained on 285 files, representing
subjects of correspondence. A card index, alphabetically arranged according to sub-
ject, forms a ready reference to the files. An incoming letter book and an outgoing
letter book are kept for the record of the correspondence. The accounts are kept in
an accounts record, from which they are posted into a card system ledger, classified
under 45 titles, representing the principal items of expense connected with the admin-
istration of the branch.

The expenditure on the astronomical work and the boundary surveys, including

salaries of all temporary employees, between July 1, 1904, and July 1, 1905, was
$92,999.73.

THE DOMINION OBSERVATORY.

In my last annual report, I spoke of the expected completion at an early date of
the Dominion Observatory. The building was ready for occupation and partly fur-
nished by Easter, when the branch, comprising the staff of the chief astronomer and
the boundary surveys, moved into the new building, vacating the rooms at 26 Welling-
ton street which it had occupied for a few days less than nime years.

The new building is found very suitable for its purpose, affording space, which in
the former quarters was very deficient, for the systematic carrying on of the work,
including the correspondence, computing, draughting and photographiug. The loca-
tion of all the instruments in the same building is also most advantageous for the
prosecution and supervision of the observations, as contrasted with the former condi-
tion of things. Accommodation for the library, which was much needed, is also pro-
vided. The shelving for the books has lately been put in, and the cataloguing is being
proceeded with. Good progress has been made since our occupation of the building to-
wards the completion of the furnishing and the installation of the instruments. The
vermaneni accommodation for the meridian instruments is, however, not yet quite
ready. The contract for the erection of the ¢transit house’ to receive these instru-
ments was let early in the season. This house forms an annex to the western end
of the present building, and is now nearly completed. It is proposed to place in it a
meridian circle, which is now being constructed at the works of Messrs, Troughton &
Simms. Accommodation is also provided in this building, by two piers, for the port-
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able transit instruments used in longitude determinations, or other instruments as may
be requisite. Pending the completion of this building, temporary shelters for the field
transits have been provided to the east of the main building.

Deseriptions of the various instruments now in use will be found in the reports and
statements annexed.

It may be stated here that the observatory is open to the public every day during

office hours, to view the building and the instruments. In addition every Saturday"

evening visitors are allowed, under the supervision of one of the staff, {o view the celes-
tial bodies through the fifteen-inch equatorial {elescope. These privileges are taken
advantage of by many people. The number of people registering their names in the
¢ visitore’ book,” from May 81 to October 81, was 2,666. y

ORGANIZATION OF STAFF.

With the removal to the new building, a proper organization as a branch of the
Department became necessary, involving the permanent appointment of a sufficient
staff to carry on systematically the work of the observatory and the boundary surveys.
Provision having been made by parliament, the existing permanent staff, comprising
only myself and Dr. Klotz, was added to by the appointment on July 1 of twelve
officers. The names of the staff as thus constituted, with their respective duties, will
be found in an appendix hereto.

ELECTRIC CLOCKS.

An appropriation of $5,000 was made by parliament in the session of 1904 for the
installation of electric clocks in the government buildings. As mentioned in my last
annual report, the primary clocks of the experimental system had been housed in the
basement of the Supreme Court building on Bank street, with a connection with the
CIiff street transit-house. All this apparatus has been moved to the new building, in-
cluding the instruments which were at Cliff street. An arrangement has been made
with the Bell Telephone Company for the use of wires conneeting the observatory with
the principal government buildingé. Master clocks and dials have been installed, and
the whole system is now being worked from the primary clock at the observatory.

There are now being operated in the parliament building, 42 dials; in the west
block, 60; in the east block, 86; in the Langevin block, 48; at 26 Wellington sireet, 2;
and in the observatory, 26, besides a tower clock; or in all 214. There is also a circuit
for dropping the time ball on parliament hill. This has lately been put in operation.
The dials are driven by master clocks, which are in turn synchronized by the primary
clock at the observatory, which itself is regulated by observation.

With regard to the synchronization of the master clocks, it has been found advis-
able to make a modification. In the experimental system, the pendulums of the con-
trolled clocks had their oscillations checked by a damping cylinder. This gave a very
perfect control, but had the fault that in case of interruption of the controlling cur-
rent for a short time the damper would bring the pendulum to rest and stop the clock
with the dials depending upon it. This method of synchronization has been replaced
by another in which the damping is omitted. In case of interruption of the synchron-
izing current, the controlled clocks are no longer subject to stoppage; they continue to
work as independent clocks irrespective of the interruption. This control, though theo-
retically less perfect than the other, is sufficient for the purposes of time serviece by
dials moving every minute. A full description of the instruments used in the time
service, by Mr. R. M. Stewart, who has charge of them, is appended.

LATITUDES AND LONGITUDES.

The determination of latitudes and longitudes of points in Canada has been con-
tinued. On this work have been employed Dr. Klotz, Mr. F. A. McDiarmid and Mr.
R. M. Stewart. ] :
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Dr. Klotz early in the season engaged in a determination of the difference of
longitude between Vancouver and Seattle, in conjunction with the United States
Coast and Geodetic Survey, represented by Mr. Smith, who observed at Seattle, while
Dr. Klotz observed at Vancouver.

* The purpose of this determination of longitude was as follows :—

In 1896, the difference of longitude between Montreal and Ottawa was determined
in the usual way by Prof. McLeod of McGill University and myself. The longitude
of Montreal had been determined by connection with Greenwich and with certain
points in the United States. By combination of these observations a presumably
accurate longitude had been obtained by the late Mr. Schott in his computation of
the ¢ United States longitude net’ From this longitude that of Ottawa was obtained
by addition of the difference observed in 1896.

From this again the longitude of Vancouver was obtained by a difference of longi-
tude observed in 1900, by Dr. Klotz and myself.

From Vancouver the longitude was extended to Australia and New Zealand by a
series of steps by Dr. Klotz and Mr. Werry, in 1903.

Such 2 series depends for the accuracy of any longitude upon the accuracy of all
steps 'behind it. The errors are very small individually, but their accumulation is to
be guarded against. For this reason it is not advisable to depend for longitude upon
a mere chain, but cross connections are needed by which a longitude may be deter-
mined from as many independent points of known longitude as possible. The aim
is to form triangles or ‘mnets’ in strict analogy with the methods of trigonometrical
surveys.

By connection with the United States longitude net is known the longitude of
Seattle, which thus affords a convenient point from which to get a second determina-
tion of the Vancouver longitude. This it is important to determine with accuracy as
the basal point not only, as explained above, for the transpacific longitudes, but also
for longitudes in Yukon Territory, and possibly the international boundary at the
141st meridian of west longitude.

In this work Dr. Klotz used the ‘ Repsold’ or registering micrometer attachment
to the transit instrument, a recent device, a description of which will be found in his
report appended hereto.

This apparatus is believed to increase the accuracy of observatlon, and especially
to eliminate the ¢ personal equation’ of the observers, thus saving half the time and
cost of a longitude determination.

The movable thread in this micrometer is moved by hand, the observer endeavour-
ing to keep the star bisected throughout its passage across the field of view. By an
electric device automatic record is made on the chronograph of the times at which
the thread passes certain points in the micrometer frame. TFhe objection will at once
oceur to one who has had experience in transit observations that on a partially cloudy
night, the star may be observed during part of its passage across the field of view, and
yet a complete transit (20-records) be recorded.

It is said, however, that it is easy to distinguish these false records from the true,
owing to the greater irregularity of the intervals between successive records. Never-
theless it is conceivable that an observer might become so expert in his use of the in-
strument that no irregularity of intervals should appear although the star was actually
invisible at the recorded instants. In the micrometers moved by clock work which have
been proposed as improvements upon the hand-moved Repsold, the danger from this
cause would be still greater. There seems to be imposed upon the observer with this
micrometer the duty, on partially clouded nights, of keeping a record of the visibility
of stars while crossing the field of view, from which his observations may be properly
weighted.

For the purpose of further strengthening the Canadian longitude chain, a deter-
mination was made later in the senson of the difference of longitude between Harvard
College observatory and Ottawa. Dr. Klotz observed at Harvard, and Mr. R. M.
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Stewart here. Mr. Stewart not having a registering micrometer on his transit instru-
ment, the personal equation between the observers was observed afterwards at Ottawa.

In the interval between the Seattle and the Harvard observations, Dr. Klotz ob-
served at Father Point and Tadousac for latitude and longitude, Mr. Stewart assist-
ing in the longitudes by taking the corresponding observations here. These observa-
tions were made at the request of the Hydrographic Branch of the Department of
Marine and Fisheries.

From Tadousac, time signals were sent on August 1 to Sir Wm. Macgregor, at
Chateau bay. These he had asked for for the purpose of determining longitudes on
that coast, and especially in connection with the expedition sent from Lick Observa-
tory fto observe the total eclipse of August 30, at Sandwich bay. After the eclipse,
signals were again sent him on September 1, directly from Ottawa.

Mr., ¥. A. MeDiarmid has observed the latitudes and longitudes of twelve stations
in Ontario and Quebee. This I believe to be a record performance, though the honours
must be shared by Mr. Stewart who occupied the home station while the exchanges for
longitude were being made, besides attending to his work in connection with the time
service.

The stations observed by Mr. McDiarmid were, Sharbot Lake, Ste. Anne de
Bellevue, Trenton, Madoe, Lindsay, Kingston, Whitby, Sutton, St. Catharines, North
Bay, Temagami and Renfrew. These stations were observed for cartographical pur-
poses at the request of the geographer of this department and of the intelligence
division of the Militia Department. Besides this the difference of longitude between
the transit house on Cliff street and the observatory was observed by Mr. McDiarmid
and Mr. Stewart. The Cliff street house has been the reference point of all longitudes
observed up to the present year. As the reference point will now be the observatory,
this Jongitude connection was a necessity to correlate future longitudes with the past.

It seemed advisable further that an independent connection between the two points
should be made by survey. As the two stations are not intervisible, the survey had to
be carried out by a friangulation extending to the hills north of the Ottawa river, so
as to secure points from which both stations could be seen. The angles of the triangula-
tion have been observed by Mr. H. Bigger.

TRIGONOMETRICAL SURVEY OF CANADA. N

Early in the summer a request was received from the Department of Militia and
Defence that this branch should undertake the execution of a triangulation for topo-
graphical purposes of this part of Canada.

As the base line measurement and the expansion therefrom necessary for the
observatory connection would serve for the initiation of the larger scheme, I was
authorized to proceed with the latter tentatively, as a part of the work of determina-
tion of geographical positions hitherto done by us exclusively by astronomical methods,
and pending specific provision by parliament for such a‘survey. A reconnaissance
covering 3,000 square miles in the neighbourhood of Ottawa has been made
by Mr. C. A. Bigger and Mr. J. D. McLennan and the selection and preparation of the
observing stations has been begun.

TOTAL ECLIPSE OF THE SUN. !

On November 19, 1904, the secretary of the Royal Astronomical Society of Canada
communicated to the Right Honourable the Prime Minister, the following resolution
of the council of that society:—

‘In view of the fact that on August 29, 1905, there will be a total eclipse of the
sun, first visible on the shores of James bay, and that it is in the interests of physical
and astronomical seience that the phenomenon be observed as fully as possible and re-
ported upon; and the further fact that already the government of the United States
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and the governing bodies of Lick Observatory and the Carnegie Institution have de-
termined to send parties of observers to different parts of Canada.

¢ Be it requested of the government of Canada that steps be taken to orcanize an
exvpedition, under its control, to proceed to the neighbourhood. of James bay, the coast
of Labrador, or other suitable place, to observe and report upon this eclipse.

¢ And be it further requested that a limited number of members of the Royal As-
tronomical Society of Canada who are qualified observers shall he granted the privi-
lege of accompanying the expedition, free of expense to themselves, the extension of
such a privilege to®a national astronomical society being entirely in accord with the
custom which has obtained in all previous eclipse expeditions despatched by Great Bri-
tain and other countries to foreign parts.’

In compliance with the request of the society, the sending of an expedition to ob-
serve the eclipse was authorized by council. I was put in command, and invitations
were given to six members of the society to accompany the expedition. The conditions
having later been found such, with relation to transport, &c., as to warrant an inerease
of the party, invitations were issued to Mr. Maunder, of the Royal Observatory at
Greenwich, with Mrs. Maunder, and to others interested in astronomical science, to
accompany the expedition. The observatory party proper consisted, besides myself, of
Messrs. Plaskett, Macara, Gauthier and Near. Mr. Menzies, of the Magnetic Observa-
tory, Toronto, accompanied the expedition as magnetic observer. Mr. Plaskett was
given charge of the designing of the apparatus and the preparations for the observa-
tions which it was desired to undertake on behalf of the observatory, leaving the other
gentlemen bringing instruments to arrange for their own observations, To Mr. Macara
was assigned the duty of looking after transport and commissariat for the whole party.

The central path of totality passed over the southern end of James bay, across the
northern peninsula to Lake Melville, thence easterly to Sandwich bay, on the Labrador
coast, and to the Atlantic ocean. THere were thus four localities which would be ac-
cessible by water, from which to make a choice. Long land travel in these wild regions
would obvicusly be impracticable with a large expedition,

Taking into account all considerations, especially probable weather conditions, so
far as known, a point on Lake Melville, at the mouth of Northwest river, was finally
chosen for the location of the Canadian expedition.

The ss. King Edward, of Quebec, was chartered for the expedition. Leaving Que-
bec on August 4, Northwest river was reached on the 11th. Prof. Louis B. Stewart.
of Toronto, had preceded the expedition, travelling via St. John’s, Newfoundland, and
by the Labrador steamer, for the-purpose of selecting the best place for the instruments
and for the camp. Arriving at Northwest river a few days before the expedition, he
wag fortuhate in finding an excellent place near the Hudson’s Bay Company’s post.

Here the expedition landed, and after much labour the installation of the instru-
ments was completed some days before the eclipse, which gave time for the necessary
practising and aceurate adjustment.

The ss. King Edward returned to Northwest river, according to arrangement, on
August 28, bringing several gentlemen who had been invited to join in the observa-
tions.

On the 29th a strong easterly wind prevailed, bringing cloudy skies. This weather
continued during the night and the next morning dense clouds obscured the sun
throughout the time of the eclipse. Totality, which occurred a few minutes before
e1ght o’clock, was marked only by the dense darkness, and the careful preparations for
photographing were rendered nugatory.

It had been hoped that good photographs of the corona would he obtained on this
side of the Atlantie, which by comparison with those taken in Spain and Afriea
would afford information as to the variations of form, during the elapsed time, of the
little-understood corona.

Dnfortunately the expedition sent out by the Lick Observatory, which was sta-
tioned at Sandwich, bay, some 100 miles eastward from us, was equally unsuccessful.
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Immediately after the eclipse the work of packing up and loading on the steamer
was begun. This was completed on the morning of September 1, and the King Edward
started on her return voyage. Quebec was reached on September 7.

The equipment of the various observers and the objects aimed at was as follows:—

The instruments and propesed observations of the observatory party are fully de-
scribed by Mr. Plaskett in his report,

Mr. Maunder, representing the Royal Observatory at Greenwich, was equipped
as follows :—

1. From the Royal Observatory, Greenwich. »

(a) ‘Dallmeyer Coronagraph,’ aperture, 4 inches; focal length, 5 feet; used with
negative enlarger so as to give image of sun 2°4 inches in diameter. Mounted on
equatorial stand of a 6-inch telescope by Simms. Programme, 6 exposures — 5 seconds,
10 seconds, 20 seconds, 20 seconds, 10 seconds, 5 seconds. To correspond as nearly as
possible with the ¢ Thompson coronagraph ’ being used at Sfax in Tunis, in this eclipse;
and to continue the series of coronal photographs taken in former years;-this Dall-
meyer coronagraph having been used in Mauritius in 1901.

(b) ¢Abney’ lens. A rapid rectilinear lens, 4 inches aperture, 34 inches focal
length, photographs taken in primary focus. Mounted on equatorial stand of telesecope
of 4 inches aperture, lent to Greenwich observatory by Mrs. Maunder. Programme
as for ‘ Dallmeyer’ coronagraph. Corresponding-to similar lens being used at Sfax,
and to lenses used in eclipses of 1900 and 1901. Intended to secure the outer extens-
ions of the corona, whilst the Dallmeyer coronagraph was intended for the details of the
inner corona.

2. Mrs. Maunder’s apparatus.

(a) Cooke photo-visual telescope, aperture, 3% inches; focal length, 4 feet. Lent
to Mrs. Maunder by Messrs. T. Cooke & Sons, of York. Mounted on ¢ Matthew’
equatorial stand, belonging to 4-inch telescope, lent by Royal Astronomical Society to
Mrs. Maunder for this eclipse. Programme 10 exposures in primary focus, varying
from half second to 4 seconds. To correspond with series obtained in Mauritius with
similar ingtrument in 1901,

(b) Dallmeyer stigmatic lens, 1% inches aperture, 9 inches focal length, mounted
on miniature equatorial lent by Royal Observatory, Greenwich, to Mrs. Maunder for
this eclipse. Programme 4 exposures in primary focus, 15 seconds, 30 seconds, 30
seconds, 15 seconds. To obtain the long streamers. Same lens that secured the long
streamers in 1898, and was used also in 1900 and 1901.

(¢) Goerz anastigmat lens, 2 inches aperture, 2 feet local length, fixed mounting.
Lens lent by Messrs. Goerz, of Berlin, who also lent a similar lens to Prof. H. H.
Turner to use in Egypt in this eclipse, so as to give, with the photographs to be taken
in Labrador, a set of stereoscopic pictures of the corona. Programme, 6 exposures,
each of 04 seconds duration, with plates of different sensitiveness.

In the eclipse it was intended that the telescopes should be worked as follows:—

¢ Dallmeyer’ coronagraph, Mr. Maunder.

¢ Abney’ lens, M. Jennings.

Cooke photo-visual, Mr. Upton.

Stigmatic lens and Goerz lens, Mrs. Maunder.
Time keeper, Mr. Russell.

Mr. Menzies, as magnetic observer, was provided with the following instruments:

Magnetometer for recording photographically daily curves of horizontal force
and declination.

Elliott magnetometer for determining absolute declination and horizontal force.

Dip cirele for determining inclination.

Air barometer for recording small changes of pressure.

Standard barometer and thermometer for comparisons.

Richard thermograph, self-recording with pen.
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Mr. Louis B. Stewart used a ten-inch theodolite for the determination of latitude.
He also determined longitude by transits and azimuths of the moon with this in-
strument, as well as by carriage of chronometers. He made gravity observations with
the Mendenhall half-seconds pendulum, and a survey of the station to show the posi-
tions of the various instruments.

Rev. 1. J. Kavanagh, S.J., reports as follows upon his proposed observations for
the purpose of charting the extreme coronal appendages»—

¢ Though our low-lying station on the Nor’ West river in Labrador did not present
the best conditions for the observation of the coronal streamers on account of the large
stmospherie absorption, no means were neglected to sedure records of their form and
direétion for comparison with the data elsewhere to be obtained. The fact of our
station being the very first, as that at Assouam was the last, in the path of the lunar
shadow, gave a special value o observations made at this point. Moreover, the in-
creased solar activity in this maximum sun-spot period, made it very probable that
there would be notable Variations in the coronal appendages.

As the photographic method could not, in the given time, secure the dimmer and
more delicate streamers, or pursue to their furthest extremities the more substantial
rays, the shortcomings of this process were supplemented by the instantaneous method
of unaided visual observation and simultaneous charting.

Fine seeing being all important in this work, the eyes of the obgerver were to be
lightly bandaged for a quarter of an hour before totality, and during it, to be pro-
tected from the glare of the lower corona. This last was effected by the use of a light
sighting-rod fastened to an altazimuth telescope provided with slow motion. A thin
board, blackened on one side and white on the other and pierced by a quarter-inch
hole, constituted the eye-piece. At the end of the rod, 10 feet away, was an opaque
disc of a size calculated to cover the moon and four minutes of arec beyond. An
assistant, Mr. H. M. 8. Cotter, of the Hudson’s Bay Co. post, was, by means of the
slow motion, to keep the shadow of the disc on the eye aperture of the board,
which, on this side, was covered with white paper to facilitate the operation. This
adjustment was to have commenced somé time before totality, and, even if the shadow
of the disc were too indistinet to be followed, it might have been carried through the
few moments of totality by a regularly continued handling of the slow motion. The
telescope was in adjustment, but was to be used only at the end, for the glare of the
corona falling on the eye would spoil it for fine seeing.

The charting to scale was to be done on a light blue paper on which the penecil
marks would be just visible in dim light. Xn the centre was a black disc the size of half
a erown, and all around a series of concentric circles, the disc’s diameter apart. These
half-crown dimensions have been suggested and widely adopted in view of securing a
uniform secale for such drawings. At the several stations set up in Spain by the
Jesuit Fathers this observation was, in each case, confided to five people; one for sach
quadrant and one to supervise the whole.

In remote preparation for this observation a considerable amount of practice in
special drawing was absolutely necessary. TFor this purpose, several diagramatic
sketches were made on dark paper. A black disc, five centimeters across, represented
the moon, while the corona and streamers of varied intensity, form and length were
drawn in white chalk, some of them extending 30 or 40 centimeters. The diagrams
were placed in a dim light about 5 -5 metres away, so that disc subtended the same angle
as the moon on the eclipse day. These diagrams were copied over and over.

Excellent practice was also had on the streamers of the aurora borealis; the quick
changes, both in form and intensity, of these capriciously shifting rays provided the
best of drill in rapid and accurate charting.’

Rev. Dr. Marsh, of Hamilton, reports as follows upon his apparatus and that of
Mr. G. Parry Jenkms

‘In my own charge were the followmg instruments :—

‘1. A five-inch Brashear reflecting telescope of 75 inches focal length on equatorial
mountings, clock driven, equipped with an enlarging apparatus giving an image of
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the sun of two inches in diameter, with which I proposed to photograph the partial
phases of the eclipse, making a special effort to secure a photograph when the shadow
of the moon’s limb came in contact with solar spots, thus obtaining a comparison of
the relative darkness of the moon’s limb with the sun spots.

¢With this arrangement I also intended making two short exposures during
totality to obtain if possible the inner corona; after which I had adjustment to im-
mediately reduce the camera to its prime focus, and by making exposures of various
lengths, I hoped to photograph the outer coronal streamers. If successful I intended
to enlarge the latter to the same size as the photographs obtained with the enlarging
apparatus and thus show the inner and outer corona on the same secale, and print them
in the one photograph.

‘2. With a two and an one-eighth-inch lens loaned me by Mr. Chas. Potter, of
Toronto. This lens was mounted on an equatorial head loaned to me by Dr. King, and
was fitted on a cement pier. This camera was provided with an enlarging apparatus
making it 5 feet equiv. focus, and designed to photograpR the inner corona and
streamers. At my request Dr. A. S. Johnson, of Chicago, editor of the Technical
World kindly undertock to handle this instrument.

¢8. A 6-inch Gourlay compass transit which I had prekus to the eclipse care-
fully adjusted, and with which I made observation for the magnetic variation which
1 computed to be 86 degrees 52 minutes, and with which instrument I also observed
a fluctuation of 8 minutes during totality.

¢4, T also used a registered thermometer and noted a drop of 2 degrees during
totality.

‘5, I also photographed the landscape during totality, giving one second exposure,
and have pleasure in forwarding you a print.

¢ 6. Three-quarters of an hour after totality I photographed a portion of the sun
through 4 fleecy cloud with the 5-inch telescope, and beg to ask your acceptance of an
enlarged print of the same.

¢ Mr. Jenking had as follows:—

¢1. A 3-inch Dollond refractor, mounted on an equatorial head, and equipped with
a special enlarging apparatus for photographing both the inner and outer corona.

‘9. A Bausch and Lomb camera, to which he fixed a Thorp’s grating, and designed
to take long exposure photographs of the sun {ogether with two orders of spectra on a
5 x 8 plate. This instrument was fixed to Dr. Marsh’s 5-inch equatorial, and was
arranged to make two exposures of 90 and 45 seconds each.

¢ Mr. Jenkins successfully photographed the sun three-quarters of an hour after
the \eclipge, with No. 1 equipment and a photograph is being forwarded by himself.

Dr. C. A. Chant, of Toronto, proposed to observe the polarization of the corona
by visual observations with a polarimeter, and also by photography with a suitable
camera,

Mzr. J. R. Collins, of Toronto, proposed to take & succession of photographs of the
sun from the beginning to the end of the partial phase. His telescope was of peculiar
construction, a combination of refractor and reflector, designed and constructed by
himself,

I had proposed for myself the observation by telescope of the times of contact, and
of the general features of the eclipse.

BOUNDARY SURVEYS,

The re-survey and re-marking of the international boundary along the 49th
parallel has been continued under the direction of Mr. J. J. McArthur, in co-operation
with Mr, Sinclair, of the United States Coast and Geodetic Survey.

The work this year has been continued as in the past, by the two parties, Canadian
and United States, working independently of one another, on different parts of the line,
subject to mutual inspection and check.

Of the section of this line west of the Rocky mountains, 410 miles in length alto-
gether, the part from the summit of the Rocky mountains to the Skagit river is now
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practically cempleted and monumented. The line in the lower valley of the Fraser
river from the Cascade mountains to the sea is also nearly eompleted. There remaing
to finish this section, some 40 miles west of the Skagit river, in the Cascade range.

Mr. J. M. Macoun has continued his investigations into the natural history of the
neighbourhood of the 49th parallel west of the Rocky mountaing, and Dr. R. A. Daly
his geological researches. By order in council, Dr. Daly was transferred in July last
from the Geological Survey to the Department of the Interior, thus carrying out the
intent of his original appointment as geologist to the International Boundary Surveys.

The London Tribunal of 1908, in ifs settlement of the Canada-Alaska boundary
question, failed to determine the mountains which should define the boundary line
across the space between the peaks referred to as ‘P’ and ‘T’ in their Award. An
agreement has since been come to between the governments of the United States and
Great Britain, whereby the boundary line shall, across that space, be laid down in ac-
cordanee with a joint recommendation made by Mr. Tittmann and myself in April,
1904. There is, therefore, now full authority for ‘the survey and marking of the whole
boundary line from Cape Muzon and Mt. St. Elias,

The survey of this boundary line, commenced last year jointly with the United
States, has been continued during the present season. Mr. C. A, Bigger has had gen-
eral charge of the field work of the Canadian parties..

The distribution of the survey work on this line has been us follows:—

Qanadian survey party working northwesterly from the head of Portland canal,
Mr. Geo. White-Fraser, D.T.8., in command.

In the region about the Unuk river, a Unifed States party, under commaad of Mr.
Fremont Morse. -

In the region about the Stikine river, a Canadian party, under Mr. A, J. Braba.
zon, D.L.S.

In the region about the White Pass, a United States party, under Mr. Leland.
£ In the regioy, of the upper Chilkat river, a United States party, undes Mr. A. J.

emer.

In the region of the upper waters of the Salmon river, a tributary of Chilkat river,
a Canadian party, under Mr. W. F. Ratz, D.L.8. Mr. Ratz, after completing his work
in this region, spent the rest of the season in a reconnaissance on the Taku river. In
accordance with an arrangement which had been made with the United States commis-
sioner, two surveyors were appointed by him to accompary the parties of Mr. Fraser
and Mr. Brabazon. One Canadian representative, Mr. J. D. Craig, was appointed to
accompany Mr. Morse’s party. The chief office of these representatives was to insure
satisfactory identification of the boundary peaks determined upon by the London Tri-
}1))unal. Mr. Bigger assisted Mr. Leland in the identification of certain points at White

288,

In June an informal suggestion was received from Mr. Tittmann that a joint ex-
amination be made of the monuments marking the boundary line between the state of
Vermont and the province of Quebec. Such examination with a view to renewals and
necessary additions of the international monuments is the settled policy of the Cana-
dian government, as stated in the Order in Council of May 26, 1900, and shown by their
subsequent action with regard to the New York-Quebec line, and the 49th parallel.
The suggestion was therefore agreed to, and Mr. G. C. Rainboth, D.L.S., was appointed
to carry it out in conjunction with Mr. J. B. Baylor, assistant in the United States
Coast and Geodetic Survey, who had been detailed by Mr. Tittmann for the work.

As there seemed, when the Vermont section of the line had been gone over, mani.
fest advantage in carrying the examination farther, it was continued so as to cover the
whole of the land boundary between Canada and the United States, as far as the
source of the St. Croix river, with the exception of the densely forested parts along the
‘ Highlands,” which could not be reached without the expenditure of considerable time
and money. The work was completed a short time ago, and a report has not yet been
rendered.
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Appended hereto will be found the following statements and reports :—

Appendix 1.—Names and duties of permanent staff of the branch.

Appendix 2—Report by Otto J. Klotz, LL.D., upon field astronomical ohservations
during the season, to which has been added a description of the half seconds pendulum
apparatus, and of certain observations therewith made in 1902.

Appendix 3.—Report by Otto J. Klotz, LL.D., on Transpacifiec longitudes between
Canada, and Australia and New Zealand.

Appendix 4.—Description of the observatory building and instrumental equipment,
by J. S. Plaskett, B.A. -

Appendix 5.—Report of the expedition to observe the total solar eclipse, by J. S.
Plaskett, B.A.

Appendix 6.—Description of the apparatus used in the time serviee, by R. M.
Stewart, B.A.

Appendix 7.—Tabular statements of the observations for longituide made by this
department from 1885 to 1904.

Appendix 8.—Report on field operations in the geology of the mountains crossed
by the international boundary (49th parallel), by R. A. Daly, Ph.D.

I have the honour to be, sir,
Your obedient servant,

W. F. KING,
Chief Astronomer
and International Boundary Commissioner.
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APPENDIX 1,

PERMANENT STAFF OF THE ASTRONOMICAL BRANCH, DEPART-
MENT OF THE INTERIOR.

W. F. King, B.A,, LL.D., D.T.S,, chief astronomer.

CORRESPONDENCE AND ACCOUNTS.

W. Simpson, seeretary and accountant.
J. H. Labbe, correspondence clerk.

OBSERVATORY DIVISION.

Otto J. Klotz, LL.D., D.T.8., astronomer.
* J 8. Plaskett, B.A., astronomer.
J. Macara, chief computer.
Louis Gauthier, C.E., keeper records.
F. W. O. Werry, B.A., D.L.S., observer.
F. A. McDiarmid, B.A., observer.
R. M. Stewart, B.A., -observer and superintendent of time service.-
W. M. Tobey, B.A., observer.
d. D. Wallis, photographer.

BOUNDARY SURVEYS DIVISION.

J. J. McArthur, D.L.8., surveyor.
C. A. Bigger, D.L.S., surveyor.
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APPENDIX 2.

-

. Otrrawa, October 7, 1905.
W. F. Kvg, Esq., B.A,, LLD., D.T.8,, &e.
Chief Astronomer, Pepartment of the Interior,

Ottawa.

Sm,—I have the honour to submit the following report on the longitude and
latitude work carried out under my charge during the season of 1905; also of the
pendulum observations made by me in Washington and Ottawa with the half-seconds
pendulum apparatus.

I have the honour to be, sir,
Your obedient servant,

OTTO J. KLOTZ.

REPORT UPON FIELD ASTRONOMICAL OBSERVATIONS AND DESCRIPTION OF HALF-SECONDS
PENDULUM APPARATUS.

In view of the future determination of the position of the 141° meridian, part
of the international boundary between Alaska and Canada, it was desirable that a
connection be made between Vancouver and Seattle.

Accordingly I left in May, with the astronomic outfit, for Vancouver. Before
beginning work I proceeded to Seattle to confer with Mr. Edwin Smith, the officer of
the United States Coast and Geodetic Survey, about our programme for observations,
and also about the necessary telegraphic facilities for exchange of time signals at
night. The Seattle observing station is on vacant ground near the old university
building, now used as a public library.

In Vancouver, I occupied our observatory at Brockton Point, Stanley Park.

My astronomic outfit was the same as that used by me in the transpacific longitude
work, with the exception of the transit micrometer, to be described later.

The transit Cooke No. 8 is by T. Cooke & Sons, and known as No. 504 of their
catalogue, 1900, with slight modifications ordered by this office. It has an object glass
of 3 inches clear aperture, and 36 inches focal length; axis 1} inches in diameter,
Y’s 115 inches in width, and the support of the axis is on two cylindrical segments of
2-inch long arc each. .

The telescope is provided with two 63-inch setting circles reading by verniers to
20 seconds of arc. One of these circles is provided with a special arm for carrying the
latitude level, when using the instrument as a zenith telescope. Above the level there
is a device for an attachable mirror, a strip of silvered glass set in a metal frame. In
using the transit as a zenith telescope the level readings cannot be satisfactorily read
for stars near the zenith, as one end of the bubble will be directly behind one of the
transit standards. To avoid parallax in reading the level, the mirror, secured at an
augle of 45°, and at the height of the eye, overcomes the difficulty. A dew-cap, 6
inches long, is used when observing. .

A striding level is provided, one division equivalent to -08%¢ The vial rests
on cork tips and is retained in position by light cork-tipped springs, one at each end.
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There is a glass covering to prevent sudden change of temperature of the vial. A
single wooden knob on the level frame serves for handling the striding level.

The illumination of the field (threads) is now effected through the hollow axis by
small 5-volt ground glass electric lights, placed on the lamp stands, attached to the
transit standards. These lights are a great convenience and improvement on the oil
lamps hitherto used, besides there is no heating of the axis. The necessary current is
supplied for each light by three Columbia No. 6 dry cells. The lights were turned off
when not required, as they readily burn ouf, if left burning continuously. For reduc-
ing the light there is a movable disc, with a circular reducing aperture, attached to
the lamp stand and close to the lens in the axis.

The transit is supplied with reversing apparatus, operated by a lever, along and
outside one of the standards.

The heavy cast-iron stand rests on an iron base-plate, and is supported by three
large screws, one at one end and two at the other, fitting into spherical holes in the
base-plate. For meridional adjustment two opposing screws at the foot of the stand,
and near the supporting screws, act on a projection on the base-plate, which is im-
movable. The levelling is done by the single supporting screw at one end. The base-
plate was not bolted to the pier, as the weight of the whole instrument and plate was
sufficient to retain the latter in a permanent position with reference to the pier.

Dent sidereal chronometer, No. 48419, was used throughout the season’s work. It
is provided with a break-circuit wheel, making breaks at every even two seconds,
omitting, however, the 58th second, in order to identify the minute.

A record of the temperature of the chronometer was kept, by means of a thermo-

meter within the box. Omne dry cell, Columbia, was found sufficient for the chrono-
meter circuit, which was always independent of any other circuit. It is undesirable
to have a heavy current passing through the chronometer as it is apt to blacken or
burn the points of contact. The clock cireunit was only on during the time of observ-
ing, i.e., several hours a day. The clock was wound daily at 6 p.m.

A Fauth (Saegmuller) barreror cylinder chronograph was used. The cylinder is
6% inches long, and 4 inches in diameter, and revolved once in a minute, so that the
linear measure between the two-second breaks is forty-two hundredths of an inch.
A Waterman fountain pen attached to an arm on the armature answered the purpose
of a recording style. By means of a finely divided glass scale, with divergent-con-
vergent lines, with intervals of one-tenth of a second the record of the chronograph was
read. The tenth second intervals on the scale were further subdivided by estimation
to tenths thereof, so that the transits were read to hundredths of a second. The chrono-
graph sheet covers about 1} hours in time, leaving a margin on each side for notes.
Three dry cells were used for the chronograph éircuit.

The switchboard which has been used for many years very satisfactorily, was used
at every station. It contains two keys, one ordinary make-circuit telegraph key, and
8 break-circuit key used only for sending arbitrary time signals; a talking-relay (150
ohms) ; a eplit signal-relay; a pony clock-relay (30 ohms); a sounder, seldom used by
expert operators; a switch to throw the main line circuit on or off the points of the
clock-relay, when on, so that the clock beats can be sent directly over the main
telegraph line to any distant station; the necessary binding posts for joining up the
wires; and plugs for the various cut-outs.

The whole is mounted on a rosewood board 18 inches by 24 inches, hollowed out
on the under side where the covered connecting wires between relays, switches, cut-
outs and binding posts are exposed for ready examination.

For the exchange of time signals a telegraph operator would come to the observa-
tory at a stated time, the main line would be  cut in? on the switchboard, a few words
would be exchanged between the two observers at the two stations about the condition
of the sky, whereupon the desired number of signals would be alternately sent and
received, and the services of the operator for the night were over.

Sinece the transpacific work, finished last year, the telescope has been provided,
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also Cooke No. 2, with the registering or transit mierometer. It will be in place here
to say a word about this attachment. ;

The essence of longitude work is accurate time determination. If we have an
accurate time determination at two places and a comparigson of these times by cable
or telegraph, we obtain the difference of longitude between the two places. Hitherto
time determinations have been made by observing the transit of a star over a number
(11 with us) of threads placed in the focal plane of the telescope. The instant of
passage over each thread was recorded on a chronograph by tapping an electric break-
circuit key. From this it will be seen that a phenomenon (transit) suffered interpreta-
tion by the observer, and this interpretation is dependent upon the temperament of the
observer, that is, upon his ‘personal equation.’ With experienced observers the per-
sonal equation is a fairly constant quantity during a season under normal conditions.
This is equivalent to saying that an observer will habitually record the transit of a star
too soon or too late by a certain quantity, a fractional part of a second.

This quantity does not affect the apparent accuracy of a time determination,
judged by the residuals or probable error, nevertheless it affects the absolute time
determination. Hence the difference of longitude between two places as determined
by two observers iz imvested with the error due to the difference of their personal
equations. This error is inherent to the method of observing transits over threads.
The only way to eliminate satisfactorily this error is to exchange stations and instru-
ments, and make another differential longitude determination, under the supposition
that the personal equation of the two observers remains the same for both determina-
tions. Evidently the mean of the two determinations will then give the absolute differ-
ence of longitude, and free from personal equation. <

Longitude campaigns carried out under such conditions were made at a great
sacrifice of time and money. This state of affairs has long been recognized by
astronomers as unsatisfactory and expensive. The guestion was how to get rid of the
personal equation in transit observations, so that transits could be recorded, practically
free from the personality of the observer.

Repsold of Hamburg solved the difficulty by the invention of the ¢ registering’ or.
as I shall hereafter designate it, the transit micrometer. 3

The fundamental conception of this micrometer is that two observers do not differ
in the bisection of a star by the micrometer thread, that is, if one observer bisects a
star with the movable thread, the other observer would agree to the bisection, an
assumption that may well be made within measurable quantity of time.

This being granted it remains to contrive a mechanism that will record this con-
stant bisection, for as the star moves, the observer has to follow it across the middle
of the field of the telescope where the registering is done.

Up to 1935 practically the only longitude work that had been done with the transit
micrometer was the work carried out by the Geoditische Institut, Berlin, and the
wost notable determination is the classic work of Professor Albrecht and Mr. Wanach,
in 1908, between Potsdam and Greenwich, in which the most elaborate pains were
taken to obtain an absolute result. In order to prove the elimination of personal
equation by means of the transit micrometer these two observers exchanged stations,
and the two independent determinations agreed within the third place of seconds, that °
is, within a thousandth of a second of time. So that we now have the assurance by
means of this micrometer to make longitude determinations without exchange of sta-
tions. From tests made at Washington Mr."J. F. Hayford, United States Coast and
Geodetic Survey, is of the opinion that the result of three determinations of longitude
made by means of the micrometer is equivalent in merit to that of ten nights, with
exchange of stations, by the old method.

.It will be observed, therefore, that the transit micrometer is a great acquisition to
longitude determinations, in fact, it forms a distinet epoch for such work.

As our two transit micrometers were made by Saegmuller, of Washington, under
the supervision of the Coast and Geodetic Survey, I can not do better than give a



et = REPORT OF THE CHIEF ASTRONOMER 17

SESSIONAL PAPER No. 25b ;

description thereof as given (Appendix 8, Report 1904, U.S. C. & G. 8.) by Mr. E. G.
Fischer, Chief of the Instrument Division, with slight modifications:

Before considering the details of this mierometer, three points were determined
upon as being essential to insure accurate and decisive action, durability and con-
venience in reading the chronograph record made by it.

First, it was decided that the mechanism of the slide carrying the wire should be
of the form in which the screw is mounted in bearings af the extreme ends of the box
or case holding the slide, the micrometer head being fast upon the end of the screw
projecting from the box, because this insures greater stability under the side stress of
the gears connecting the screw with the hand-wheel shaft than the form usually em-
ployed in theodolite and ocular micrometers, in which the screw is fastened to the slide
and therefore takes part of whatever play there may be in the latter.

Second, it was decided that the electric recording device of the micrometer should
be of the make-circuit form, transmitting its records to the chronograph, which is in
the break-circuit of the chronometer, through a relay. This permits the use of a strong
current through the contact points of the micrometer head, and therefore a minimum
of pressure upon the latter by the contact spring.

Third, in order that the micrometer transmit no record except those made within
an accepted space on either side of the line of collimation and forming the observa-
tions of the star transit proper, an automatic eut-out must be provided.

The micrometer box or case is 46™™ in length and 81™" wide. Within it and near
to one side is mounted the micrometer screw. Upon the latter fits, by a thread and
eylindrical bearing, a rectangular frame forming the slide, which is 31™® long and
23m wide. All play or lost motion, both of the slide upon the screw and the
screw in its bearings, is taken up by means of a helical spring within the box,
which, pressing from the inner end of the box againet the slide and through it
against the screw, holds the latter firmly against the point of an adjusiable
abutting screw, without impeding its free rotary motion. TUpon the slide, at
right angles to its line of motion, is mounted the single spider thmead, which
is used for bisecting the star during its passage across the field. Two threads,
parallel to the line of motion about five time seconds apart, and moynted
egainst the inner surface of the box, define the space within which the observations
should be made. A short comb of five teeth, with distances equal to one turn of the
screw between them, jis also provided and indicates the four whole turns of the screw
within which the gbservations are to be made. The diameter of the field of view through
the Airy diagonal eyepiece, which has an equivalent focus of 15™™, is gsomething over 50
turns of the serew; thus giving a space of fully 28 turns of the screw on each side of
the four turns in the centre of the field, so that equatorial stars are over a minute in
the field before they reach the recording part.

That portion of the micrometer screw which projects through the box has the
micrometer head fitted upon it, and secured lin*position by a clamp nut. The edge of
this hezd graduated at the corner nearest the box to 100 parts (g, fig. 1,2), also carries
at its opposite corner a screw thread of three turns with a pitch of one millimeter and
a diameter of 320 (b, figs. 1, 2). Sunk into the outer side of the head and fitted con-
centrically with it is a thin metallic shell, which has fitted upon it a hollow cylinder
made of ebonite, 6™ long and 262 diameter (¢, fig. 1, 2). Five strips of platinum
0-4mm thick, d, and corresponding to the 12 -5, 25-0, 50-0, 750, 875 division points of the
graduation, g, are slotted into the edge of the ebonite cylinder, ¢, and secured in such
manner as to make metallic contact with the micrometer head proper, and, through it,
with the screw, micrometer box, telescope and telescope pivots and the iron uprights of
the transit. By releasing the clamp nut within the ebonite ring, the graduated head, a,
with its thread can be adjusted, in a rotary sense, in relation to the thread of the screw,
and also of the spider thread upon the slide. At the same time the position of the plat-
inum contact strips, d, can be set to correspond to the zero of the graduation, which
latter is read by the index.

256—2
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A small ebonite plate, secured to the micrometer box, carries upon its outer end,
mounted in a suitable metal block, the contact spring, f. It ends in a piece of platinum
turned over 8o as to rest radially upon the cbonite cylinder. Its width is b millimetres,
and its thickness that of the contact strips, i.e., 0-4™®, A small screw, e, serves to
adjust the pressure of the spring upon the cylinder. Against one end of the miero-
meter box is fastened a small bracket, upon which ig centered a small worm wheel, g,
gearing into the screw head of the micrometer head. Tt has 40 teeth, and moves ‘one
tooth for each turn of the micrometer head. The rim of a cup-shaped cylinder, 5, which
is secured to the worm wheel so that it can be turned and clamped in any position rela-
{gilve) to thid zero point of the micrometer head, hae cut into it a notch, 4, with sloping
ends and of a length corresponding to four teeth of the worm wheel, or four turns of
the micrometer screw. From the end of a lever, k, mounted against the side of the
micrometer box, projects a small steel pin, 7, reaching over the rim of the eylinder. The
other end of the lever carries & small ivory tip, I, which rests upon the end of a spring,
m, mounted on an ebonite plate and pressing at its middia point against a platinnm-
tipped screw, n. Whenever the small steel pin of the lever rests in the notch of the
cylinder, the spring is ‘in contact with the screw and allows the flow of an electric cur-
rent through the coiled wires o, p, to the contaet spring, f.. But when the micrometer
has been turned two revolutions to either side of the middle or zero position, and
its motion is continued, the sloped ends of the notch in the cylinder will engage the
lever, and through it force the spring, m, away from the screw, thus breaking the cur-
rent. Tt will be seen, therefore, that this arrangement permits of the motion of the
spider thread across the entire field without trensmitting records to the chronograph,
except during the four revolutions symmetrically disposed about the line of collima-
tion. 7

Against the inner side of the micrometer head is fastened a spur wheel, &, with 40
teeth of 48 dimetral (inch) piteh into which gears the wheel with 80 teeth, {, mounted
on the hand-wheel shaft. This shaft is supported by arms from the micrometer box.
The hand-wheels, w, have a diameter of 40™™®, are 135™™ apart, and equidistant from
the middle of the telescope, allowing ample space for manipulating in either position of
. the eye-piece.

The adjustment for collimation is made by means of a small screw, =, fastened

to the micrometer box, which in turn is mounted by dovetail slides upon a rectangular
frame. :
As indicated in the description of the ebonite head, ¢, with its five platinum con-
tact strips, d, the instrument itself is used as part of the eleciric conduector forming
the relay circuit. The relay of 30 ohms resistance converts the make records into
break records in the chronometer and chromogtaph circuit. From the binding post
the current is carried by means of a rubber-covered wire along the telescope to and
into the telescope axis, within the latter to an insulated metal cylinder projecting from
the transit pivot. Each of the wye bearings of the transit has fastened to it an in-
sulated contact spring, which, being connected with an insulated binding post at the
foot of the instrument, establishes the circuit whether the telescope lies in an east or
west position. Another binding post, screwed directly into the iron foot of the transit,
affords a ready means for making the necessary connection to begin observations.
A quick motion screw, y, carries the eye-piece across the field.

The above description serves for the micrometers of Cooke transits, No. 8 and
No. 2. As these instruments are used also as zenith telescopes for latitude observa-
tions, the eye-piece with micrometer attachment is made movahle through 90°, se
that the vertical micrometer thread for transit observations becomes horizontal and
adapted for measuring zenith distances. The value of one revolution of the micro-

”

meter, 100 divisions, is about 475, so that, estimating a tenth of a division we
”

nhiain readings to ‘05. The whole number of revolutions of the micrometer is
readily read from the teeth in the worm wheel, above described. There is a clamp
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band or collar with two adjustable screws on the telescope immediately adjoining the
micrometer attachment, and against one of these screws rests a steel screw bolt fized
on the micrometer attachment for the respective horizontal and vertical positiona
of the micrometer thread.

Last autumn when on an official visit to Washington, I had an opportunity to
observe with the micrometer, and there obtained my first experience. The ‘trick’ to
manipulate the micrometer is to follow the star by turning the two milled heads with
the two hands respectively at a uniform motion, that of the star. The motion for
different declinations of course varies. Polaris, for instance, moves about forty-seven
times slower than a star near the equator. It is idle to think that absolute uniform
motion can be given by hand, but experience shows that the irregularities fairly com-
pensate each other. To every user of this micrometer the suggestion naturally makes
itself to have a mechanism of some sort to turn the micrometer while the hand would
gimply correct any slight deviation as with the tangent screw and clock work of an
equatorial. However, no such automatic device has yet evolved.

It may be stated here that our Cooke transits (Nos. 3 and 2) are of such weight
and stability that the necessary touching of the hands to the milled heads on the
telescope for turning the micrometer has not the slightest noticeable effect on the
constancy of pointing of the telescope.

For the circuit of the mic¢rometer four Columbia dry cells were used in conjunc-
tion with a 80-obm relay of which the back points served to make the break-circuit
necessary for record on the chronograph. Whenever the platinum strips, by turning
the micrometer, came in contact with the stationary platinum spring, contaet was
made, the armature of the relay drawn to the core and hence the back points of the
armature separated and the local chronograph circuit broken and a record made.

The programme of a night’s work would consist in obtaining two independent
time determinations by observing two sets of stars. Each set is composed of 14 stars,
seven thereof being observed in the position of the instrument, clamp east, and sever
in position clamp west. Of the seven stars one would be a polar, i.e., between declina-
tion 70° and 80°, the others would be time stars distributed between the zenith and
equator. This gives fourteen observations to determine the three unknowns, clock
error, azimuth and collimation. By a careful selection of the stars the sum of the
azimuth and collimation factors may be made small, so that thé errors of azimuth and
collimation have little effect on the time determination.

It was so arranged that if the night was clear, the exchange of time signals would
fall between the observations of the two sets and thereby, the effect of rate of the
clock wholly or nearly eliminated. The reduction of the observations was made in
the usual way, by least squares, that is, by forming three normal equations from the
14 condition equations and solving for the three unknowns.

The exchange of time signals was earried out in the following manner: Vancouver
would send twenty arbitrary signals with intervals of about two seconds by means of
the break-cireuit key to Seattle, the signals being recorded on both chronographs,
Vancouver giving a rattle to signify ¢ finished.” Seattle would then ¢rattle’ its begin-
nisg of signals, and send 40, closing with a rattle. Vancouver would then send another
twenty signals. By this means the mean of the time of Vancouver sending would also
be the mean of Seattle sending, thereby cutting out the differential rates of the clocks.
This method was followed at all the other stations occupied during the season.

VANCOUVER.

At Vancouver I occupied our small permanent observatory (transit house) at
Brockton Point in Stanley Park. During the past year a small office or work-room
has been added to the building as well as the benefits and comfort of the waterworks
system.

N 9593
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As on previous oceasions here, the chronometer was placed in the brick-powder
vault, near the observatory, being the most convenient and suitable place to insure a
small daily range of temperature.

The first exchange of time signals Vancouver-Seattle was had on May 31, but no
observations, due to clouds, were obtained.

The first differential longitude determination was obtained on June 8, when Mr.
J. E. McGrath was observer at Seatile, having exchanged stations, Seattle-Sitka, with
Mr. E. Smith. The Sitka longitude was carried on simultaneously at Seattle with
the Vancouver determination.

There is one redeeming feature of the weather conditions in Vancouver and
Seattle, and that is their relafive proximity and situation on the sea-coast induces the
same weather conditions to prevail, so that there is little or no unnecessary observing,
as a mutually good night, or clear sky, is necessary for a successful longitude deter-
mination. By June 17 the requisite number of observations had been obtained.

FATHER POINT.

Having finished the Vancouver-Seattle longitude I returned to Ottawa and then
proceeded to Father Point, Quebec. Here were built a brick and cement pier, as well
as the 10-foot square observing hut on the property of J. McWilliams, immediately
adjoining the lighthouse reserve. The centre of the pier is 125 feet 7 inches due south
of the centre of the revolving light surmounting the lighthouse. 1 1¢ magnefic de-
clination (July 6) was found to be 20° 55 W. As usual the pier, 22 inches by 27
inches, was built on a cubic yard of grouting beneath the surface of the earth. The
top of the pier is always made 80 inches above the floor of the hut, which is built of
dressed flooring, tongue and groove, with the planed side inside. There is always a
2-foot clear opening in the roof, covered by two shutters extending longitudinally over
the building.

The telegraph wire of the Great North Western was cut and led directly into the
observatory, from where the necessary telegraphing for exchange of time signals was
done at night. The length of line, Father Point to Ottawa, via Montreal, is 486
miles, and the signal exchange was very satisfactory, occupying only about five minutes
of time. There was a repeater at Montreal. On the Ottawa-Montreal section of 120
miles, there were 120 volts, and on the remaining section 180 volts. At Father Point,
where the St. Lawrence is 35 miles wide, considerable delay in getting the necessary
observations was caused by fogs. A most marked, not to say extraordinary, pheno-
menon experienced was the very warm gusts of wind in the evening (10.30) of July
5 and again on July 7. Their duration was but a few seconds, and they appeared to
come in narrow streaks from the south, where the banks of the river slope back to an
altitude of several hundred feet. These warm (relatively hot) gusts would rapidly,
for a short time, alternate with cool winds, or apparently cool ones, as the general
temperature was low. The suddenness of the phenomenon and the high temperature
was so marked, that I, facing the north outside of the observatory, quickly turned
about, believing that a fire had been kindled near me. Was the phenomenon that of
Chinook or Foehn ?

By July 21 three mutually satisfactory nights transit observations had been
obtained, as well as some latitude observations.

Several photographs were taken to connect the observatory with surrounding
buildings.

TADOUSAC.

Last April Sir William Macgregor, Governor of Newfoundland, wrote to me ex-
pressing the desire to have some point (e.g. Chateau bay) in Labrador fixed in longi-
tude, as there was no telegraphic longitude station on that coast. After discussing the
matter with you, it was arranged that I should occupy Tadousae at the mouth of the
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Saguenay, the accurate longitude of which. was besides desired, while Sir William

would occupy Chateau bay. The longitude of Chateau bay would not only serve as the

* initial or governing longitude for the Labrador coast, but would also assist in the de-
termination of the position of the Canadian and United States (Lick observatory)
eclipse expeditions.

Accordingly Bfter completing the observations at Father Point I proceeded to
Tadousac, via Rividre du Loup, where the necessary building material, lumber and
cement, had to be obtained.

At Tadousac the Ontario and Richelieu Navigation Company kindly consented to
the erection of the pier and observing hut an their premises to the rear of their hotel.
The foundation of the pier was in firm sand, which is preferable to rock.

The telegraphic connection between Ottawa and Tadousac was via the Great North
Western, through Montreal and Quebee, to Murray bay, where the government tele-
graph along the north shore of the St. Lawrence begins, and then to Tadousac, a dis-
tance of 461 miles, of which 13 miles are cable across the mouth of the Saguenay. There
was a repeater at Montreal. On the Ottawa-Montreal section of 120 miles, there were
120 volts, and on the remaiming section 180 wvolts.

* From Tadousac to Chiteau bay, opposite Belle Isle, is 958 miles; there are two
cables on this section, the one of 12 miles between Bersimis and Pointe aux Qutardes,
and the other of 26 miles, between Pointe Paradis and Riviére Gadbout. The cables
being so short, form directly a part of the land line system.

Mr. D. H. Keeley, general superintendent, had arranged for the use of the govern-
ment line, and Mr. Edwin Pope, district superintendent, and also superintendent for
the Great North Western, at Quebec, issued instruetions to the operators along the
line about the exchange of time gignals.

* On these 958 miles there are two automatic repeaters, one at Bersimis, 98 miles
east of Tadousac, and another aj Mutton bay, 611 miles east of Bersimis.

On August 1, Sir William Maegregor wired me his arrival with 6.inch trangit and
6 box chronometers at Chiteau bay. The government line is not in such good working
conditions as one desires, the operators are more or less unskilled both in operating and
in the adjustment of the telegraph instruments so that long delays occur and even com-
plete failure, as happened on the nights of August 1 and 2.

On August 3 the first satisfactory exchange with Chéteau bay was had, and an-
other on the 5th, The following day!Sir William left for Cartwright, in connection

+ with the eclipse expedition. His time determinations at Chiteau bay were confined to
solar observations, as no stars were visible during his stay. After the eclipse he re-
turned to Chiteau bay on September 1, and had time exchanges directly with Ottawa
(a8 I had left Tadousac), a distance of about 1,400 miles.

On August 8, I had the first time exchange, Tadousac-Ottawa, and a week later
four mutually full nights of observations had been obtained, and the longitude of
Tadousac determined.

A series of latitude observations-by Talcott’s method was also obtained.

A linear conneclion was made between the observihg pier and the hotel.

The meridian through the centre of the-pier passes one foot west of the-flag-pole
over the tower of the main or office entrance to the hotel, and the flag-pole is 211 feet
south of the pier. It is 170 feet from the southeast corner of the hotel verandah to
the pier, 109 feet along the meridian from the rear of the hotel to the pier, and 56 feet
5 inches from the northwest corner of the billiard room building to the pier.

Several photographs were taken showing the relative position of the observatory
to surrounding objects, including also the lighthouse on the reef extending from the
south side of the Saguenay into the St. Lawrence.

HARVARD,
As Harvard College observatory has been the zero or initial meridian of longi-

tudes for the United States, it was deemed desirable that a direct connection should be
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made between Harvard and Ottawa, especially as we were making a connection on the
other side of the continent, Vancouver-Seattle, between the Canadian and United States
longitude work. Under your instructions, I proceeded to Cambridge, Mass., last April, .
and there discussed the matter with the director, Prof. E. C. Pickering, who not only
offered his hearty co-operation but suggested putting up a suitable transit building and
pier on the observatory grounds for our purpose. The kind offer walreadily aceepted,
and shortly afterwards the building, a neat 10 ft. x 12 ft, painted structure, having a
cement pier 22 in. by 82 in., was ready.

The building has a tinned gable roof, and a shutter, (wooden frame covered with
painted canvas) on each side over the tworfoot clear opening.

¢ The centre of the large dome? is the point on the Harvard observatory grounds to
which the Coast and Geodetic Survey determinations of latitude and longitude have been
referred. Between this point and my pier linear connection was made by Mr. W. P.
QGerrisi. The pier is north of the dome 135:94 ft.—17-34, and west thereof 124-14
ft~=17.66 =0-11s. So that the geographical position of the pier based on the Harvard
position of the dome is: Latitude 42° 22” 48”94, longitude 4h, 44m. 81 :16s.

In the latter part of August I repaired to Boston for the Harvard Ottawa longl-
tude campaign.

After mounting the transit, it was discovered that the transit micrometer attach-
ment was considerably deranged. The recording took place about 15 revolutions from
the centre of the field. Having adjusted this, it was found that the ebonite ring was
loose on the micrometer wheel, due to the flattening of the pinch washer. This too
was satisfactorily repaired.

The clock or chronometer (Dent 48419) was placed in the basement of the Harvard
main building, where is mounted also the Harvard standard sidereal clock.
The temperature here, with one exception, kept within a range of 1° F. per day.* A
single Columbia dry cell was used for the chronometer and a single wire (150 feet)
between the chronometer and my observatory, the other end bemg well grounded, the
circuit was very satisfactory.

i For the telegraphic exchange of time signals the Westem Union and Great North
Western telegraph companies kindly placed their lines at our disposal, and their service
was highly efficient and satisfactory. The route was Ottawa to Montreal, 120 miles,

. 120 volts; and Montreal to Harvard (Boston), 394 miles, 180 volts; total distance 514

miles. There was a repeater at Montreal.

Unfavourable weather, rain and clouds, retarded materially the progress of the
work.

As an especially strong connection was desired between the Canadian and United
States initial meridians five mutually good nights of observation were taken and the
work completed on September 21.

During my sojourn I embraced the opportunity to visit Blue Hill observatory, one
of the foremost meteorological observatories in the world, and of which Mr. A. H.
Roteh is director, owner and supporter, although Harvard College observatory publishes
its annual reports and results. It is situate 635 feet above the sea, on the highest point
on the immediate Atlantic coast between Maine and Florida. Its distingunishing work
is the study of the upper regions of the atmosphere by means of kites. The kites are
of the Hargrave (Clayton-Hargrave) pattern, ¢ dry-goods boxes,” and are an anomaly
to the memory of one’s boyhood, when one flew kites that Jooked like kites, which had
such nice long gracefully moving tails. Of this appendage the scientific kite is devoid.
The kite is a rectangular parallelepipedon, the edgeg being thin bamboo rods braced
by thin wire. The surface is covered with ¢percaline,’ a closely woven light cotton
fabric. To the kite is attached a meteorograph in small compass and containing all
the necessary self-recording meteorological instruments. Piano wife takes the place of
the boy’s string, and is wound and unwound from a large reel operated by a two-horse-
power engine. These kites have been flown to an altitude of over two miles. The
height is determined by observing the angle of elevation with a theodolite and the
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known length of wire reeled off. Heights have been determined too by direct triangula-
tion or simultaneous observations from a fixed base line.

A new form of nephoscope was observed. It is a telescope pointing to the pole,
and including within its field Polaris. In the focus of the telescope is placed a photo-
graphie film, and by an ingenious deviece the exposure is begun an hour after sunset
and closed an hour before sunrise. If the sky is unobscured in the vicinity of the pole,
Polaris will trace its path on the film, otherwise the trace or trail will be broken by
intervening clouds. Automatically the film is shifted daily, and a week’s record upon
each film is obtained. The records are very sharp, the occurrence, duration and time
of obscuration by clouds are readily obtained. " Incidentally, flashes of lightning in the
field of the instrument are well recorded. The complementary instrument to the above
is the sunshine recorder.

Reference may be made to an apparatus installed at Blue Hill for reeording
minute quantities (drops of rain), quantities that could not be meagured nor even
detected by the ordinary rain-gange. A mica plate covers a cylinder earrying a sheet
of paper ruled with aniline ink into apprepriate time divisions, the cylinder being
driven by clock work. In the mica is a §-inch hole. If the rain fall is confined to in-
dividual drops only, a drop falling through this hole will wet the paper and blot the
ink on one or other of the time lines, and thereby record the fact that some rain fell.

While at Harvard, Mrs. Fleming discovered (August 81) a new star—Nova
Aquile No. 2—in the constellation Aquila. A phetograph of its spectrum, which the
director showed me, shows the hydrogen lines HS, Hy and Hg bright and broad, also
faint traces of the bright bands 4472 and 4646. On August 18 the star had a magni-
tude of 6°5, which by August 26 had decreased to the 10th magnitude.

During my stay at Cambridge I familiarized myself as much as my unoccupied
time permitted with the work of-the observatory, and it may not be out of place to
quote the words of Prof. Pickering with reference to the policy of the obgervatory.
‘The policy of the astronomical observatory at Harvard College, since its establish-
ment, has been the development of the physical side of astronomy. While much time
and money have been spent on the determination of the positions and motions of the
stars, the work has been mainly in determining their brightness, speetrs, and other
physical propertics. In‘recent years, routine investigations on an extensive scale, each
oceupying many years, have constituted the principal part of the work. When prac-
ticable, every investigation is made to cover the enfire sky, the northern stars being
observed at Cambridge, and the southern at the station in Arequipa. An attempt ‘is
made to secure the most favourable condition for observation and to employ new and
improved methods to compensate for the lack of instryments of the largest size.

¢ This work is greatly extended and facilitated by the collection of photographs
mentioned above, and an endowment should be provided for utilizing it to the utmost.
When any new object is discovered, we have here the only existing means of studying
its past history for many years. As examples may be mentioned NSva Aurigs, the
planet Eros, and Comiet @, 1904. The only evidence of the existence of these bodies
before they were discovered was that contained in the Harvard photographs. The
changes of all newly discovered variables, or other objects, can thus be traced back
through the last fifteen years. Doubtless many objects of the greatest interest, but
not yet discovered, might be found from these plates.

¢ The observatory now aims to cover a still wider field. Large sums of money have
hitherto been given to astronomy, much of which, for lack of good advisers or of a
technical knowledge of the subject by the donor, has been unwisely expended. There
are, therefors, many large telescopes which are idle, observatories insufficiently en-
dowed, and skilful astronomers whose appliances for research are entirely inadequate.

¢TIt is the object of this observatory to supply these needs, by securing a fund the
income of which could be used for aiding astronomers in all parts of the world. Such
a fund, conscientiously administered, either here or elsewhere, should give far greater
'scientific returns than would be possible if expended at a single station. Tt would aid
the work, not of a single astronomer, but of a selected number of the most eminent
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specialists in the world, and by co-operation would enable investigations, too large to
be undertaken at a single observatory, to be conducted successfully. The sympathetic
interest of experts, ready and able to make substantial grants, would greatly aid the
work of young or isolated astronomers of ability.’

After completion of the Harvard observations and return to Ottawa, personal
equation observations were made between Mr. R. M. Stewart and myself. During
the season he observed at Ottawa with Cooke No. 1 transit, which is as yet not provided
with the transit micrometer. A transit shed and pier were erected 20 feet 4 inches
due south of the temporary one oecupied by Mr. Stewart to the east of the main ob-
servatory. In the spring, before leaving for British Columbia, Mr. F. A. McDiarmid
and I observed for personal equation respeetively with No. 2 and No. 3 Cooke, each of
them being provided with the transit micrometer. As anticipated, the differential
personal equation, with the transit micrometer beeame practically a negligible quantity.
About the samé time Mr. McDiarmid and Mr. Stewart observed for personal equation,
using respectively Cooke No. 2 and No. 1. The resulting value gave the personal
equation of Mr. Stewart; who used the transit key while observing transits over the 11
threads of the diaphragm. It was hemnce really not necessary for me to observe to
obtain the personal equation of Mr. Stewart, however, it was thought more satisfactory
to do so, adding thereby to the weight of the differential longitude Harvard-Ottawa.

Four independent time determinations were made between us in three nights.
The same clock Howard was used, the current being divided between the two relays of
the observing huts. The clock is in the time room of the observatory and has
a rate (losing) of less than a second a day. Each iime determination consisted of 12
stars, six observed in position clamp east, and six in clamp west. One of the stars in
each positien of the Instrument was a polar. To eliminate the error of star places the
same stars were observed each night by the two observers. None of the observations
have as yet been reduced.

PENDULUM APPARATUS.

In the spring of 1902, I proceeded tv Washington to receive the half-seconds pen-
dulum apparatus that had been constructed by Saegmuller under the supervision of the
United States Coast and Geodetic Survey, and also to observe therewith on the Coast
and Geodetic Survey pendulum pier in the basement of the survey building, This pier
had been occupied some years before by Commandant Defforges with a seconds-pendu-
lum and also by Mr. G. R. Putnam with the half-seconds pendulum before and after
observing with the same apparatus at London, Paris and Berlin, standardizing inter-
national observations. As the half-seconds pendulum apparatus gives not absolute but
only relative values for gravity, it was desirable that observations with our apparatus
should be made at a station where the absolute value of g * was known, so that future
relative values When obtained, might be converted into absolute ones, becoming thereby
available with foreign values for the further study of the figure of the earth, and
more particularly its deviation from the one based on mathematical considerations,
For this reason observations were made at Washington, and also to familiarize one’s
self with this form of apparatus under the supervision of an expert observer, Mr.
Edwin Smith.

This apparatus is the outcome of the want felt for a portable apparatus, insuring
accuracy, rapidity of observation and convenience. Hitherto the cost involved in using
the reversible seconds pendulum for the determination of gravity at a station was large,
and the time required was considerable, so that comparatively few stations could be
occupied in a season.

In 1891, Professor T. O. Mendenhall, at the time superintendent of the United
States Coast and Geodetic Survey, had constructed a half-seconds pendulum apparatus,
which has been successfully used ever since. The Canadian apparatus is modelled after
the above. Its characteristic features are, three invariable non-reversible perdulums;
an air-tight receiver in which the atmospheric pressure is under control; a flash appar-
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atus for noting coincidences between the oscillations of the pendulums and the second
breaks of a sidereal box chronometer; and a dummy or temperature pendulum.

The accuracy arrived at in pendulum observations fors the measurement of
relative force of gravity is to determine the period of oscillation, and also the variable
conditions that affect that period. To attain the latter the air-tight compartment adds
in a high degree. A

Pendulums—Three pendulums (two thereof, a, b, shown in fig. 8), each desig-
nated by a number, 1, 2, 3, constitute a set, the advantage of this number being that, if
discrepancies appear in the results the one at fault may be detected. The pendulums
are made of an alloy of aluminum 10 per cent and copper 90 per cent, a composition
which experiment proved to have a very high resistance to corrosion; they are highly
polished, but not lacquered. Each weighs approximately 1,200 grammes, and is about
248 millimetres in length from the centre of the bob to the agate plane. The lengths
of the three pendulums differ slightly, being made intentionally so. The stem and bob
are designed so as to offer little resistance to the air when in motion. The bob is solid,

~ and is 9 centimetres in diameter and 45 centimetres thick at the centre. Its form is
lenticular. The stem of the pendulum is rectangular in section, 4 by 14 millimetres,
with rounded edges, and is rigidly fastened fo the head and the bob. The pendulums
have an agate plane, &, set in the head which rests on the agate knife-edge, d, on which
they are swung. This so-called knife-edge is formed by carefully ground planes meet.
ing at an angle of 130°, thus insuring greater permanency than eould be expected with
a sharper edge. For invariability in the length of the pendulum it is preferable to have
the knife-edge as support instead of on the pendulum itself. The knife-edge is set in
a solid metal plate, ¢, which is secured by a screw to the shelf in the pendulum ease,
or receiver, f, fig. 4 As a check in case of injury, there are two knife-edges with the
‘apparatus marked I. and XL, each in its own plate, either of which may be set in the
cagse. The advantage in using several distinct knife-edges as well as distinct pendu-
lums being that by the relation between the independent results thus obtained, a con-
tinual check on the econstancy of the instruments is furnished.

A small rectangular mirror, g, is set in each side of the pendulum head. These
require very careful adjustment, so that from any of the pendulums with either face
front, the image of the slit in the flash apparatus, described later, will be reflected into
the same portion of the field of the observing telescope, when the latter is properly
vlaced, and in line with the image of the fixed similar mirror on the plate earrying the
knife-edge. ° %

The pendulum is carried to and from the box in which it is kept, from and to the
receiver, by a double-jointed handle, &, which has leather-lined hooks fitting under
pivots on each side of the head. It is, therefore, never necessary for the hand to come
in contact with the pendulum. When placed in the receiver the pendulum is first sus-
pended upon. two pivots carried on the end of a lever, which pivots fit into correspond-
ing sockets in portions of the head p¥ojecting at each end over and beyond the agate
plane. This lever is moved by a large milled-head screw, 4, on the outside of the re-
ceiver so that the penduluih may be gently lowered and raised without injury to the
knife-edge, which could not so safely or readily be done directly by hand. A spring, k&,
holds the lever against the end of the screw, and stops limit its action.

The temperature of the swinging pendulum is ascertained by means of a dummy,
1, similar to the others in material and dimensions, save that it has no mirrors, and
is supported within the receiver that it cannot oscillate. It has mounted on its stem a
thermometer, m, whose bulb is buTied in the stem near the bob, and packed with the
alloy metal filings, the endeavour being in this way to obtain as near as possible the
actual temperature of the swinging pendulum.

The Receiver—The body of the receiver, f, is a heavy brass casting, with walls 7
millimeters thick, and of inside dimensions 17 centimetres square at the top, 21 by 28
cm. at bottom, and 38 cm. high. The cover makes an air-tight joint when a little tallow
is applied to the contact surfaces. A portion of the main casting forms a solid shelf,
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but having openings in it through which the pendulum, dummy, and lever hang.
This shelf carries on one side a plate on which the dummy pendulum is supported, and
on the other the plate carrying the knife-edge on which the pendulum swings. This
latter plate is supported on three points and firmly serewed to the shelf. To it is
attached the adjustable fixed mirror, n, already referred to, and is so adjusted that the
images of the slit, as seen in the observing ielescope, o, reflected from this mirror, and
from that on the pendulums, when hanging freely at rest, will appear in the same
horizontal line, and slightly overlap each other.

There is a scale below the pendulum, and a small telescops mounted on the side
(on the opposite face of fiz. 4) of the receiver for reading the arc of oscillation.
The receiver is supported by three large foot screws, p, resting on heavy circular foot
plates, one of which has a spherical hole, one is flat, and the other has a V-shaped cut
for the reception of the foot screws. These foot plates are cemented to the supporting
pier. By proper disposition of the direction of the V, there is no binding of the foot
screws due to change of temperature of the case. The case or receiver is levelled in
the plane of oscillation by the pendulum itself as shown by the reading of the tip of
the pendulum on the scale beneath. In the transverse plane it is levelled by a small
level, r, mounted in a short pendulum which may be reversed on the knife-edge. On
the sides of the case are two levels, s, ¢, transverse to each other, for assisting in levell-
ing the case. Within the receiver there is a short arm for setting the pendulum in
motion. The arm is covered with leather at the point of contact, and is worked from
the outside. Adjustable screws limit the motion of this handle, so that it may be set
for any desired amplitude of oscillation, and the same amplitude used for succeeding
swings. A mercury manometer is hung within the receiver, and by means of a port-
able air pump, u, the air is exhausted through stop cocks on the side of the case to
about 55 mm. Three windows, j, v, w. (w not shown) are provided in the case for
observing respectively the mirrors, arc scale, dummy thermometer and manometer.
The box to the right, fig. 4, is for the plate, e, with agate knife-edge, d.

Flash Apparatus—The flash apparatus consists of a light metal box, z, mounted
on a brass stand having both vertical and azimuthal movements and clamps, and
carries above it an ordinary observing telescope, 0, which may be focussed for objects

within a few feet. The object of the flash apparatus is to observe coincidences between

the swinging pendulum and the chronometer used for determining the period or time
of oscillation of the pendulum, which in turn depends upon the time determination
made by means of the chronometer, i.e., the time determinations made by observing
transits of stars with the chronometer serve as s scale with which to measure the
period of the pendulum. This box contains an electro-magnet, whose coils are con-
nected with the chronometer circuit, and whose armature carries an arm which
moves two shutters; by an ingenious device a flash of light is emitted from the box
only when the circuit is broken. The light for the flash is furnished by a small oil
lamp, v, attached to one side of the box, the light from which is concentrated by a lens
on to the slit after being reflected by a mirror in the interior of the box set at an angle
of 45°. The chronometer is made to break circuit at every even second, omitting the
58th for identifieation of minute. It is the illumined image of the slit that falls on
both the fixed mirror and the mirror on the pendulum; and these two images are
observed by means of the telescope.

When the pendulum is swinging, the image as reflected from the pendulum
mirror will change its position relatively to that of the fixed mirror as seen in the field
of the telescope, because of the fact that the pendulum makes a double oscillation in_a
little more than a sidereal second, and hence will be found slightly behind its former
position at the end of each break when the flash ig thrown. The moving image will,
therefore, appear to travel up and down across the field of the telescope by successive
jumps, wholly disappearing from the field to return again with apparent retrograde
motion. Coincidences are observed by noting the time when the two images are in the
same horizontal line, It is evident that in the interval between two occurrences of this
phenomenon the pendulum has made one less than twice as many oscillations as the
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chronometer has beat seconds, and that in an interval of time between the first and

last of a number of coincidences, the number of oscillations of the pendulum will be

twice the number of seconds (8) less the number of coincidence intervals (m), so that
s

P The

alegance of the coincidence method lies in the fact that a small error in noting the

time of coincidence has little effect on P.

Use of Apparatus—One of the pnnclpal advantages of this apparatus is the ease
with which it may be used, and the few inexpensive preparatxons necessary for its
mstallation. For the best work a well-founded brick or cement pier upon which the re-
ceiver may rest is essential. The flash apparatus may be placed upon a table near the
pier. If the apparatus can be placed in a room of nearly constant temperature the
results will be more uniform, but if sufficient time is allowed before swinging for the
pendunlum to come to the temperature of its chamber, as represented by the thermometer
in. the dummy, this is not essential. The correction for temperature may be so well
known that results obtained at temperatures differing widely will be in close accord
when this correction is applied. The room should be somewhat dark in order that the
flash may be easily seen in the field of the telescope.

The routine of observing is as follows: We begin by making a suitable number
of transit observations to determine the error of the chronometer, which will sub-
sequently be used for the flash apparatus for determining the period of the pendulum,
We next place one of the pendulums, face direct on the pivots, into the case, the
dummy and manometer having already been placed therein. The lid, with its thin
coating of a mixture of sperm oil and sheep’s tallow, is then put on. Next by means
of the air pump, the air is exhausted to a pressure of about 55 mm., and the stop cocks
closed. The pendulum is now gently lowered by means of the milled-head serew, al-
ready described, and the pendulum made to oscillate by means of the handle moving
the arm which deflects the bob. Immediately thereafter the scale is read showing the
amplitude of oscillation, also the manometer and thermometer of the dummy. It is
customary to read an outside thermometer.

The telescope having been adjusted beforehand so that the image of the fixed
mirvor falls centrally in the ficld and that of the pendulum besjde it, the observations
for coincidence are begun. Presently one will see the i image of the pendulum mirror
approaching (or receding) the fixed image. The image increases in brightness, and
each break will see it a little nearer the fixed image until coineidence takes place, when
the time thereof is noted. This is done by picking up the beat of the chronometer,
which one hears, every two seconds with our chronometers, by the click of
the shutter of the flash apparatus. It is customary to count by half-seconds,
4.2, the flashes would come at multiples of four. If coincidence does mot take place
just at a flash, one estimates the position of the image of the pendulum image at the
flash preceding and succeeding coincidence and records the coincidence accordingly.
This coineidence, let us suppose, to be on the downward motion of the moving image,
we record this then as D, with its corresponding time, after an interval of about two
minutes, depending upon the latitude, the image will be seen to be approaching from
the opposite direction as before until similarly coincidence takes place, and is recorded
as U (up) with the time. The following two coincidences are similarly noted, which
then suffice for this chronometer.

Tt is customary to use two chronometers and to have them suitably connected with
switches for intercomparison, and for putting either on the flash apparatus, as well
as on the chronograph used for the determination of time of star transits.

It is generally possible to interpolate the coincidences of the second chronometer
between those of the first, by moving the switch from one to the other. In order to
pick up the beat, that is, the proper second of each chronometer, as there is generally
not time to wait for the electric interval indicating the full minute, it is customary to
have a pocket or other box chronometer beside one, and whose relation in second beats
to the two observing chronometers is known, so that by means of the former the count-

the time of a single oscillation is readily derived from the relation P=
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ing for the seconds of the latter can readily be picked up. With the second chrono-
meter then eoincidences, two D’s and two U’s, are observed as with the first.

A This finishes then the first stage of the observations for swing 1. Between 7 and
8 hours afterwards, these observations are repeated together with reading of tempera-
ture, pressure and arc,—which complete, then a determination for the period of the
pendulum in position D, knife-edge I.

" The stop cock, 2, is now opened, air admitted into the chamber so that the lid or
cap may be removed, however, first raising the pendulum by means of the milled-head
screw off the knife-edge on the pivois. After removal of the lid, the pendulum is
reversed, R, by means of the handle, let down on the pivots, the lid replaced and the
air again exhausted to about 55 mm., the pendulum lowered on to the knife-edge, made
to vibrate as before, readings taken of the dummy thermometer, manometer, and am-
plitude are, and coincidences noted by.the two chronometers. After a lapse of some-
thing over T hours, the observations are repeated and the second set for period of
oscillation obtained, in this case for position R, knife-edge 1.

We next observe with pendulum 2 and knife-edge I1 a set D, and other set R. This
ig followed by a set D, and set R, with pendulum 3, giving for the three pendulums
their twelve determinations of periods, two for each pendulum for each chronometer.

The whole of the observations are then repeated in the inverse order, giving
twelve swings each of somewhat less than 8 hours duratien.

These then are grouped for each pendulum.

From the two chronometers we obtain a mean value of the period for each pen-
dulum in each position, that is, for each pendulum there will be four mean values, two
for position D, and two for position R. The mean of these four means gives the mean
period for the respective pendulum, and the mean of the three pendulums the desired
period: of the pendulums.

While the pendulum observations are in progress it is essential that time observa-
tions be taken too for determining the error and rate of the chronometers used for
noting coincidences, and especially is it necessary that time observations be obtained
at the completion of the pendulum observations, for such constitute the end of our
time measuring scale with which the periods are measured.

It may be here mentioned that with careful observations and under favourable
conditions the periods determined for an individual pendulum will agree within the
seventh place of decimals of a second, that is, will agree within the units of the ten
millionths part of a second.

REDUCTION OF OBSERVATIONS.

From the observations we obtain the duration of each swing, counting from a U
to a U, and from the corresponding D to D. From two successive U’s and D’s we
obtain the approximate interval in seconds between two coincidences, remembering
that a D or U coincidence falls respectively between two U’s or D’s. Dividing the
number of seconds in this interval into the duration of swing, the number of coin-
cidences is obtained. Although the quotient is not exact, it must be a whole number,
and there is no question what the whole number is, as the quotient readily indicates
that. Then reversing the operation, the whole number of coincidences is divided into
the duration of swing, or total number of seconds to obtaird the average number of
seconds in one interval. The uncorrected period is then obtained from the relation

8 8 n . ®
P=gem s M0 ¥ -3

In order to make the periods comparable with those obtained with the same pen-
dulums at other times and stations, it is necessary to reduce them to certain standard
conditions. These conditions, which are arbitrarily adopted are: arc infinitely small,
temperature 15° C, pressure 80 mm. of mercury at O° C, true sidereal time, and in-
flexible support. i
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Are correction.—The correction to reduce the time of oscillation to what it would
be were the pendulum swinging in an infinitely small arc is obtained by an adaptation
of Borda’s formula, as follows:—

PM Sin (¢ + ¢") Sin (¢ - ¢')
32 Tog-Sin ¢ - log Bin ¢’

When P is the period of the pendulum in seconds, M is modulus of the common

logarithmic system, ¢ and ¢ are the initial and final semi-arcs respectively.

Are correction = —

Temperature Correction.—The co-efficient necessary for this correction was deter-
mined experimentally at Washington with pendulums of the same material and con-
struction as those of our office, by swinging pendulums at temperatures, differing about
20° O, and obtaining the periods at the different temperatures.

From these experiments the formula for correction for temperature was derived :——

Temperature Correction ==+ 00000418 ¢35°—T°).

T being the temperature in degrees Centigrade.

Pressure Correction—In the original formula of Mendenhall, the standard pres-
sure was taken at 500 millimetres, but for later observations the standard has been
made 60 millimetres, and the following formula from observations by G. R. Putnam in
1894, gives the

o P
Pressure correction = + 000000101 [60 i 00367 T"]

Where Pr is the mean of the obsérved pressures at begmnmg and end of awmg,

and T° the mean temperature of the pendulum during the swing. The expression

P ] 4 §
ﬁ?ﬁﬁrﬁ“i“ simply a reduction of the air pressure to a temperature of O° Centi-

grade.

Rate Correction.—The periods are reduced to sidereal time by correcting for the
rate of the chronometer. If the chronometer is gaining, then as a time measuring
scale its seconds are too short, and the deduced peried of the pendulum will be too
long. Hence for a chronometer gaining, the correction is subtractive; and additive
when losing. The reciprocal of the number, 86,400, seconds in a day is ‘000011574,
hence the

Rate correction = -000011574 R P, where P is the period and R the daily rate on
sidereal time of the chronometer.

Flexure Correction—The effect of flexure upon the period of the pendulum was
determined experimentally at Washington for this form of pendulum apparatus, by
placing it successively on supports—piers, posts and wooden framework—and finding _
the period for each support. By means of a weight, ¢, 15 kilogrammes, the force
thereof .applied horizontally in the plane of oscillation, the displacement of the knife-
ngfe ;31 microns is obtained. From these determinations the following formula is

erived:

Flexure correction = — ‘00000065 D, where D is the observed displacement of the
knife-edge in microns.

Applying the above four corrections the periods of the pendulums are obtained,
and from them, g, for each station. In order, however, to compare them with each
other and with other values of g by the relationship.of the empirical formula,
g== 978-066 (1+ -005243 Sin’¢) (Putnam), where; is the latitude, reduction to sea-
level must be made. The reduction to sea-level is always positive and is of magnitude

2gg, H being the height of the station above sea-level, and r, the mean radius of the

earth. This term is independent of the matter lying between the station and sea-
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level. This matter increases gravity, and the correction 'cherefor‘o%1 9, in which § i

the density of the matter above sea-level and A the mean density of the earth, is
necessarily negative, 3

The reduction to sea-level then takes the form, known as Bouguer’s formula

spm 1 3B (1 3
F=% = ( T 44
finitely extended horizontal plain.

Any deviation from the latter condition by mountain masses above the station or
valleys beneath the same will decrease the gravity at the station and hence a corree-
tion, the ¢ topographical ’ correction, giving a third term to the above expression, will
have a positive sign. To evaluate this term contour maps of the country surrounding
the station are necessary, also the density of the matter.

), on the supposition that the station is situate on an inde-

OTTAWA,

The pendulum observations were.made in the basement of the Supreme Court
building on the east side of Bank street, and within the parliament grounds. The place
was well adapted, as there is very little traffic on the streets in the neighbourhood. In
this basement (same compartment) was installed the Harvard sidereal clock, which
was used for years for all time observations made at the old small observatory (transit
house) on the north side of CLff street, between the properties of Mr. R. J. Devlin and
Mr. G. Holbrook, and on the immediate precipice overlooking the Ottawa river. For
the pendulum observations, part of the floor in this part of the basement was removed,
a cement pier, 2 feet square, was built on the limestone rock in situ, which im-
mediately underlies the floor. The pier was enclosed within a double-walled room 8
feet square, to insure a fairly uniform temperature, and to protect the pendulum
apparatus from currents of air. The flash apparatus was placed on a table immediately
contiguous to the outer wooden wall of the pendulum room, and the coincidence ob-
servations were made through a rectangular aperture 4 inches by 6 inches, in the wall;
when not observing this aperture was closed. °

The two time-pieces that were employed for noting the coincidences were the
Howard sidereal clock and Dent sidereal chronometer No. 48419, both bresking every
two seconds. The Howard clock was used for the time determinations, and compari-
sons between the clock and chronometer were made at every swing of the pendulum.
The chronometer was kept in the pendulum room. The comparisons were made on a
large Favarger chronograph in the basement, while the transit observations were re-
corded on the chronograph in the transit house.

The clock, chronometer and flash apparatus were connected by four small two-
point switches on the table, and at the immediate command of the observer. For
taking the readings of the thermometer, manometer and arc an electric light on a cord
was turned on.

The top of the guard stone at the west side of the entrance to the parliament
grounds, near the Supreme Court building, is 120-82 feet above the city datum. The
city datum is 120°00 feet above mean tide level. These measurements are from the
records of the city engineer. The height of the pendulum based on above data is there-
{ore 73 metres above mean tide level. In the reduction for ¢sea level’ for the value of
gravity at Ottawa, the mean density of the earth is taken at 5:876, and the surface
density of the earth at 2:56, being about that of limestone.

In the Tables I. and II. are given the results of the swings at Washington and
Ottawa. For comparison the results are grouped by pendulums and not chronolo-
gically.

The ratio of gravity at two places is readily obtained from the fundamental for-

mula of the simple pendulim, Pr=7 \/; where P is the period, I the length of the cor-

responding pendulum, and g the force of gravity.
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For the invariable pendulum we have then P2: P2 g 1 g,0r g, = -IT;"gw

The observed value of g, at Washington is taken as 980.098 (unot reduced to sea
level), as this value has been used by the Coast and Geodetic Survey for the deduction
of all other values of g in the United States. Commandant Defforges obtained the
value, relatively to Paris, 980°167,* and based on the value of g at Potsdam, the ob-
gervations of Mr. G. R. Putnam at Potsdam and Washington with the same pendu-
lums gave for Washington g = 980.111,4 agreeing pretty well with the tentative value
980:098.

From the subjoined Table III. the interagreement between the ratios of the
periods of the individual pendulums at Washington and Ottawa can be seen in the
deduced value of g for Ottawa, obtained for each pendulum from the above formula.

Tasre ITI.
: . Difference from
Pendunlum. Period Washington.] Period Ottawa. Dedzl)mvs,:awty | mean ?Mdecimal
7 place.
I *5014337 *5013073 980592 +1
I1. -HOL5T4H 5014531 980592 +1
111 5015530 5014259 980 594 I =1

2
which g* and g are respectively the force of gravity at the pole and equator, m the ratio
of the centrifugal force at the equator to gravify, and e the ellipticity of the meridian.
Clairaut also proved that the increase of gravity towards the poles is as the square

of the sine of the latitude: g =g {l + (§m —e) Sin’qp} for sea-level.
The evaluation of 9 is dependent upon the values assigned for g, m and e, for

none of which have as yet absolute values been obtained. This is one of the reasons
why, in making comparison between the observed gravity and the theoretical values
* anomalies’ of different magnitude and also of different sign are found. The other
reason is in the uncertainty of the ‘reduction to sea-level.” |
In Appendix 1, Report Coast and Geodetic Survey, 1894, Mr. G. R. Putnam dis-
cusses the relative measurements of gravity at twenty-six stations in the United States
obtaimed by means of the half-seconds pendulums. He says: ¢ So as to be able to study
the results more intelligently, the values at sea-level have been compared with those
computed by an assumed theoretical formula g=—978-066 (11005243 sin®;), which is
baged on Clairaut’s theorem, Clarke’s figzure of the earth, and the assumption that
gravity is normal on the eastern coast of the United States.’
As Washington is the fundamental station for referring the Canadian values of
gravity, the above formula has been adopted in the reduction.
For enmparison two other well known formulse may be given:—
Helmert (Hohere Geodiisie, Vol. I, p. 85) gives
g=978-00 (1 4 -005310 sin’¢)
and by Harkness (Smithsonian Tables, 1897)
g=980-60 (1— 002662 cos ¢)

5
Clasraut’s Theorem.—This is generally expressed in the form ?__gj_ =._ m—e,in

which reduces to
g=977-985 (1 -005338 sin’e).

*App. 1 C. & Q. S. Report, 1894, T App. 5 C. & G. 8. Report, 1901.
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TasLE

PENDULUM OBSERVATIONS

Sramion—Wasnaiveton, D.C.

% l I | COINCIDENCE INTERVAL. | Agre. Prriop Un
i |
Date. g g g | Ohrenometer—Negus, é Chronome
z 2 g 5] — g &
¥lg = |8 4| 2| B
g | 8§ 8 | F | No18s | No136 | E | 21 § | § | No 1828
z |~ & | M LRI = i s
1902, 8 8 £ e C.° |m.m. 8
May 21 1 1 D I. 168295 171464 51 21| 20°65| 54-05 5014899
" 2% 10 Iz =D T 168 566 170°887 56 20| 21°30| 60'45 *5014875
" 22 2 1 R I. 168-434 171564 66 23| 20°20| 5340 - 5014887
" 24 8 1 R I. 168-322 170-824 59 22| 21-10| 61-35 5014897
" 22 3 2 D II. 153664 | 155957 60 2321 20°05| 65730, 5016322
" 25 11\ 2 D | IIL 153108 155-114 59/ 21) 21°62| 58°40; * 5016382
" 22 4 2 R II 153" 869 156-160 61 23| 20°10| 54'85 5016301
" 24 8 2 R | A1. 153° 594 155° 802 58 23| 20°75| 5910 5016330
" 23 b 3 D II. 156°232 158°651 59 22| 20°10| 56°55 - 5016063
u 25 12 3 D II. 155633 1577568 67 17| 21-82| 5925 5016115
n 23 6 3 R 156.121 158540 61 22| 20°30| 57-90 - 5016065
" 23 T 3 R | IIL 156145 158474 59 22| 20°60| 5800 - 5016062
|
TABLE
) PENDULUM OBSERVATIONS
STATION —OTTAWA.
COINCIDENCE INTERVAL. Are. Periop U
K - L 4
2 g
Date. g : & Chronometer. 5 Chrono
= g N ) = 5
i ! '5 g k o ¢ 8 §
£ | ® , & | £ |No Howard| No. 48419 | 3 E g | & |No Howard
3 & 5 3 Clock. Dent. Bl e Clock.
1902. l [ s 8 4 4 l C.° [mm 8
Aug. 6 1 1 D 1 ‘ 187° 423 185-082 58 19| 19:73| 38°2 5018374
" 10 12 1 D I. 187903 185-021 57 17| 18°55( 43'8 5013340
" 7 2 1 R 1 3 187°137 184°773 65 17) 19°60| 4'3 5013395
" 10 11 1 R | = 187-846 185-678 59 15| 18°60; 42°6 - 5013344
" 8 6 2, | II. 169014 166673 © 95 27| 19°10| 44°9 5014836
" 9 7 2 D II. 169 169 167194 71 15/ 19°05| 4790, 5014822
" 9 5 2 R IT. 169253 167 447 66 16| 19°23| 456 5014816
" 9 8 2 R II. 169-539 167651 65/ 15 18°95) 44°b -5014789
" 7 3 3 D II. 171956 169723 59 15| 19°65| 44°b 5014581
" 10 10 3 D IT. 172°753 170°816 59 14 18°70| 453 5014514
" S‘ 4 3 R II. 171-994 170°128 66 15| 19-35] 45°9 5014578
" 9[ 9 3 R IL. | 172°740 170 580 57 14] 18-80| 42 5014515
! - i
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No I. £
AND REDUCTIONS.
OBsERVERS—Otto J. Klotz and Edwin Smith.
CORRECTED. Correcrions (7th DeciMaL PLACE). Periop CORRECTED.
ter—Negus. | Rate. Chronometer.
= g 2 Mean.
No.1836. | ¢ g $ | 1828 | 18%6. | § | No.1828. | No. 1836
« & A =

8 | : 8 8 8
5014623 -8l —os8f +16[ —820 —46; 5 5014340,  -5014338] 5014339
5014673 —9] - +4] —287 —67 -5 15014314 5014332 5014323
'5014615[ —12 218 +310, 316 —A48! ——gl *5014346 5014342 5014344
5014678 —Hy —2B5 +3| —290 —65 — 5014340 5014346 5014343
5016082 —10) 211 +7] 312 —51 —5 - 5016791 50156812 5015802
5016169 —10| 207 ¥ —283| —70: —5 5015813 50158131 5015813
5016061 —11] 218 o+ —809 —53] —5 5015772 5015788 5015780
-5016098) —10] —241 +5 —204f —62 =5 5015785 5015785 5016758
* 5015808 —10; —213 - 47 -—305 —b5, —5 5015527 5015632 - 5015530
* 5015897 —8 — +5 279 —72 —5 * 50156543 5015532 5015637
5015819 --101 —222 +6f —301 —b8 —5 50155633 5615530 * 5015531
'5015825‘ —10; —234 + —298! —-60 —5 5015521 5015522 - 5015521

Meano D N PSR S 0T AL BT *5015219 5015223 5015221
|
No. 1L
AND REDUCTIONS.
OnservER—OTTO J. Krorz.
S
CORRECTED. CorrectioNs (7th DrciMAL Prace). PErioD CORRECTED.
meter. I Rate. Chronometer.
Tk N eprsmy (8 | ”
No. 48419 s = i % |No. Howard| No. 48419 ean.
] 8 Clock. | 48419, 5 - 2 i
Dent. -] & ?i : £ Clock. Dent.

] ‘ 8 8 -]
5013544 — —198 +22( --121] —280 =-b 501306 3 5013074 5013069
‘5013549 — —149 +16 ———128l —332 —b -501306 6 +5013071 50130069
5013567 -16{ —193 +161 —119; —297 —5 ‘5913084[ 5013078 5013081
5013501 —8] —151 +18] —124] —284 —b 5013074 5013071 5013073
5015045 —22 —172 +15 —1121 —325, -5 5014540 5014536, 5014538

5014948 —10] —169 +13 —110| —284 —b 5014641 5014543 5014542
50148756 —30  —177 +15] —113; —269 —b 5014525 5014529 5014527
5014957 —08| —166 +16] —111] —274 —5! -5014515 5014520 5014518
“5014773 —9! —195 +16) —118 —310 —b * 5014270 5014270 5014270
~5014679 —8] —155 +16f —120, -—279 =B 5014241 5014247 65014244
“501473% —95 —182 +14| - —116] 276 —5 5014280 5014280 5014280

5014699 -7 --159 + 17‘ —116[ -307 —5 5014245 5014238 ‘5014242

MBSt el Shlediios onfB’ 380 % SmiA Homs, o ‘5013954 "5013955  '5013954
25b—2a ) r—2
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By either of the last two the value of g for Washington becomes 980-047, while
by the first it is 980087, a difference of 40 in the third place of decimal.

The theoretical value (sea-level) for Ottawa, —45° 25’ 28~ is 980-668 by the
first formula.

We have then for final values:—

Reductions |
i < . Observed | Anomaly
Station. Latitude. (Computed . 0>bse.rved g jgvel. o i 0-C.

Washington.............. 38° 53’ 13" 980-087 980°098 0021 - 980° 100! +18
Ottaws:. L. oo o usinnins 45° 25’ 28" 980° 668 980°593 015 980 608| -~ 60

From this it appears that there is an excess in the force of gravity of Washington
of ‘013 dynes and a defect at Oitawa of -060 dynes.

The defect at Ottawa is not surprising when one considers that the station is on
the escarpment of the Ottawa river, with its wide valley running in an easterly-west-
erly direction, and extending far in both directions.

It may be stated that had the reductions for  computed g’ been made by either
of the other two formuls the anomaly for both of the above stations would have been
increased algebraically, but the defect at Ottawa would nevertheless persist.
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Fig. 1.—Transit Micrometer.
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Fi1a. 2.—Transit Micrometer.
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Fig. 8. —Pendulum Apparatus,
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Fig. 4.—Pendulum Apparatus,
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APPENDIX 3.

DEPARTMENT OF THE INTERIOR,
OrFICcE oF CHIEF ASTRONOMER,
Orrawa, CAN., December 30, 1905.
W. F. Kiwvg, Esq., LL.D.,
Chief Astronomer,
Ottawa.

Sm,—I have, the honour to submit the final report on ¢ Transpacific Longitudes’
carried out under my charge.

With me in the work was associated Mr. F. W. O. Werry, B.A., as observer, and
he occupied Fanning and Norfolk islands.

Mr. F. A. McDiarmid, B.A., attended to the clock exchange at Bamfield, Van-
couver.Island, with the observatory at Vancouver and the one at Fanning. He also
computed all the transits.

I occupied Vancouver; Suva, Fiji; Southport, Queensland; and Doubtless Bay,
New Zealand, besides the observatories at Brishane, Sydney and Wellington for per-
sonal equation.

I have the honour to be, sir,
Your obedient servant,

OTTO J. KLOTZ,

REPORT ON TRANSPACIFIC LONGITUDES BETWEEN CANADA AND
AUSTRALIA AND NEW ZEALAND, EXECUTED DURING
THE YEARS 1903 AND 1904.

NOTES ON THE BRITISH PACIFIC CABLE.

On December 81, 1900, articles of cont:aot were made by Her Majesty’s Govern-
ment, Canada, New South Wales, Victoria, New Zealand and Queensland on the one
part and the Telegraph Construction and Maintenance Company on the other, for the
construction ahd laying of the Pacifie Cable.

- The contraet called for the completion of the whole cable on or before December
31, 1902. The cable was finished two months earlier, and after undergoing the re-
quired test of a month, entered upon its commercial career on December 8, 1902,

Thus was the project, that had been advocated with persistence from some quar-
ters for a quarter of a century, made an accomplished fact. The mISSIIJg' link of
about 8,000 miles across the Pacific between Canada and Australia in the world’
metallic girdle was now supplied.

Before the cable was laid a survey was made of the route and the character of the
ocean bed examined.

From the survey the number of miles (nautical) of cable required for the differ-
ent sections was as follows:—

From Vancouver Island to Fanning Island.. e e e .. 8,654
Fanning Island to Suva, Fiji'.. .. .. .. .. .. .. .. 2181

“  Suva to Norfolk Island . e ee ee .. 1019

“  Norfolk to Queensland (Moreton Bay) c .. .. 9086

“  Norfolk to New Zealand. . S8 9§ pEe e 513

25b—3%
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The first section of the cable is aboit a thousand miles longer than any that had
been laid before. This necessitated a considerable increase in copper for the conduec-
tor and in gutfa perchs for the dielectric. The working speed of a submarine tele-
graph cable depends om, and is inversely proportional to, the product of the total re-
sistance of the conductor multiplied by the total electro-static capacity of the core, so
that, other things being equal, the speed varies inversely as the square of the length
of the cable. In the long section there were used 600 lbs. of copper and 340 lbs. of
gutta percha per nautical mile, On the Fanning-Suva section 220 lbs. of copper and
180 Ibs. of gutta percha; and on the remaifiing three sections the copper and .dielec-
tric were in equal proportions of 130 lbs. each. '

In the neighbourhood of Fiji at a depth of 2,500 fathoms, a temperature of 34°-1
Fahrenheit was noted, being the lowest temperature taken during the survey. There
is very little difference in the temperatiire of the ocean at great depths, say below 3,000
fathoms, over a great extent of the earth’s surface, the temperature being only a few
degrees above freezing point, or 32° Fahrenheit. The greatest depth, 8,070 fathoms,
about three and a half miles, was found on the Fiji-Fanning section. where the bot-
tom specimens consisted principally of radiolarian ooze. This ooze is found at the
greatest depths, and was obtained by the Challenger’s deepest sounding in 4,475
fathoms. The United States steamer Nero sounded in 5,269 fathoms, 6 miles (this
last being the deepest sounding recorded in the ocean), and the material brought from
the bottom was radiolarian ooze.

Of the 597 samples of sea bottom obtained on the Pacific Cable survey, 497 were
such that they could be divided into distinet types of deposits. It was found that:—

294 samples referred to globigerina ooze.
€« [13

65 red clay.

\ 43 1% = radiolarian ooze.
45 5 5 coral mud or sand.
27 £ 4 pteropod ooze.
12 5 & blue or green muds.
11 & g organic mud or clay.

The pressure at a depth of 3,000 fathoms, in which a considerable portion of the
Pacific Cable is laid, is about four tons to the square inch. When the cable is being
laid at such depths, it will be approximately twenty miles astern of the ship before it
touches the bottom.

Deep sea cables last longer in ti:e tpopics than in the northern oceans. The rea-
son is to be found in the fact that in the tropics ma¥rine life, from which globigerina
ooze is derived, is mere abundant than in the more northerly or southerly waters. It
is the sun and the warm surface water that call into life these countless globigerina,
which live for a shozt space, then die and fall to the bottom like dust, making such a
good bed for the cable to rest in. In the Arctic currents, where the surface is cold
the water does not teem with life in the same way as it does in the tropies, and conse-
quently there is less deposit on the bottom of the ocean.

A submarine cable consists, first of a core, which comprises the conductor, made
of a strand of copper wires, or of a central heavy wire surrounded by copper strips as
in. the Pacific Cable, and the insulating covering, generally made of gutta percha, occa-
sionally of india rubber, to prevent the escape of electricity. As far as cabling is
concerned, this is really all that is necessary, an insulated conductor. This, however,
would not, in the first place, be sufficiently heavy to lay in the ocean, and secondly,
would be too easily injured and destroyed by the many vicissitudes to which it would
be subjected. For this reason, a protection in the form of a sheathing of iron or steel
wires surrounds the core; the nature, size and weight of the sheathing being depen-

ent upon the depth of the water and kind of ground over which it has to be laid.
he deep sea section, being the best protected from all disturbing influences outside of
displacement of the earth’s crust by earthquakes or voleanic action, is naturally the
one of smallest dimensions; and for the shore end, which is exposed to the action of
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the waves, to driftwood, to the grinding of ice in the more northerly latitudes, and to
the danger of anchorage, especially of fishing hoats, the sheathing must be very heavy.
So that while the deep sea cable is somewhat less than an inch in diameter, that for
the shore ends is nearly 23 inches in dismeter. The action of the waves is limited to
a depth of only about 13 fathoms, so that their influence on the cable, manifested by
wear and chafing, is confined to the shore end.

The Pacific Cable is equipped with the most modern apparatus at the various sta-
tions, and the cable is worked duplex, that is, messages are sent and reeelved on the
same cable at the same {ime.

Canada had carried longitude work from Greenwich across the Atlantic and thence
to Vancouver. The completion of the British Pacific Cable offered an opportunity for
continuing the work across the Pacific in the interests of navigation and geography,
besides tying for the first time longitudes brought eastward from Greenwich with those
brought westward, making the first longitude girdle round the world.

In October, 1902, the Honourable Mr. Clifford Sifton, Minister of the Interior,
authorized the carrying out of the Transpacific longitudes, and the Governors of the
South Sea, Australia and New Zealand were respectively officially notified thereof.

In preparing the programme for carrying out the work, the climatic conditions
of the various stations to be occupied were studied so that the most favourable times
and seasons might be chosen. It was found that Suva, Fiji, was the governing factor,
as it was by far the rainiest place of the series.

Besides the transit outfit, I carried, too, a half-seconds pendulam apparatus, and a
Tesdorpf magnetic instrument, the latter similar to the ones furnished to Drygalski
of the Gauss on his Antarctic expedltlon

ITINERARY.

v

Mr. Werry left Ottawa on February 27, 1903, and proceeded to San Francisco,
whence he sailed for Samoa, where he took the northbound steamer for Fanning island.
The southbound steamers in passing Fanning do not call there. In the latter part of
March, Mr, Md®iarmid and I proceeded to Bamfield, Vancouver island, the eastern
terminus of the Pacific Cable. After installing the sideral clock and its comnmection
with the cable, I returned to the Vancouver observatory to begin observations. Bam-
field, where no observations were taken, was simply used as a clock exchange station
for making comparison between the Fanning and Vancouver clocks.

By the end of April 4 satisfactory number of observations had been obtaimed at
Fanning and at Vancouver, and the first link of the Transpacific longitudes completed.

I took passage on the Canadian-Australian steamer Miowera, and sailed on May
2 for Suva, Fiji. We called en route at Honolulu. Here were met the two American
astronomers, Mr, Edwin Smith and Mr. Fremont Morse, who were engaged in the
determination of the difference of longitude, San Francisco-Honolulu. Suva was
reached May 20, and immediate steps were taken for the erection of the pier and the
observatory. The Fanning-Suva longitude was completed on June 24. Tt may be
stated that as Suva is just west of the 180th merididn, and Fanning east of it, the
dates for the observations of the same night differ by a day. Mr. Werry left Fanning
on June 27 fof Norfolk island some 3,000 miles distant. This necessitated a rather
eircuitous route of about 7,000 miles for lack of suitable steamer connections. He
had ‘%o return to Honolulu thence to Samoa, Aunckland, New Zealand, Sydney
Australia, and finally to his destination, which he reached in the beginning of August,
occupying about six weeks to reach the cable station at Norfolk island. During this
interval I made pendulum and magnetic observations at Suva, and also paid a visit
on invitation of Roko Kandavu, grandson of the great cannibal king, Cakobau, the
present ruler, at the old Fijian capitol on the small island of Bau, some 20 miles
from Suva,
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About 2 month was occupied in determining the difference of longitude, Suva-
Norfolk. On September 7 I sailed on the Aorangi for Brishane, where we arrived on
Saturday, the 12th. On the following Monday I proceeded by rail with the astronomic
outfit of many cases to Southport, the cable gtation, fifty miles south of Brisbane.

Mr. H. C. Russell, government astronomer a} Sydney for New South Wales,
hearing of my arrival, immediately wired his hearty co-operation in connecting Sydney
with Southport. Similar co-operation was readily granted by Mr. A. A. Spowers, Chief
Surveyor for Queensland, with the Brisbane observatory in charge of Mr. T. D. Fraser.
By September 25 the pier and observatory were built and observations begum: South-
port formed a unique station, for nightly clock exchanges were had in succession with
Brishane, with Norfolk and with Sydney, at each of which tirthe observations were
being taken. It was on September 29 that the first mutual observations and clock
exchange were had with Sydney, and so this night may be considered as the one when
for the first time longitude from the west clasped hands with longitude from the east,
and the first astronomic girdle of the world was completed.

By October 16 the last link, Norfolk-Southport, of the direet Transpacific longi-
tude was completed. Mr. T. D. Fraser and I observed for personal equation at South-
port and at the Brisbane ¢bservatory. Magnetic observations at Southport were also
taken. On November 3 I arrived at Sydney, and after observing for personal equa-
tion, with the two observers, Mr. H. A. Lehchan, acting government astronomer, and
Mr. W. E. Raymond, left on November 7 for Wellington, New Zealand. Here I was
met by Sir James Hector, the former director of the observatory, and by Mr. Thomas
King, who now has charge of the time observations. The Premier, the Honourable
R. J. Seddon, extended every facility the government could offer to further the suc-
cess of the work. Observations were made for personal equation by Mr. King and
myself. After making the necessary arrangements for subsequent clock exchange
signals at the observatory, I left for the cable station at Doubtless Bay, at the north
end of New Zealand, going by rail to New Plymouth, thence by steamer to Onehunga,
across the narrow isthmus by rail to Auckland and thence by steamer to Mangonui,
the most northerly port on the east coast. From there I had to drive over an exe-
crable road some miles to the cable station. Here a pier and observatory were built
similar to the ones at Suva and Southport. TLongitude observations_were begun on
December 3 and finished on December 19. Before leaving this station a set of pen-
dulum observations was obtained, and the magnetic elements were also determined.

Returning to Wellington, another set of personal equation observations was
taken, and similarly in Sydney in January, 1904.

This completed the work of the Transpacific longitudes.

I wish here to express thanks for the hearty co-operation of the chief electrician
of the Pacific Cable and of the superintendents at all the stations; of the superin-
tendents, Mr. Hesketh, of the government telegraphs in Queensland; Mr. Young, for
New South Wales, and Mr., John Logan, for New Zealand. Mr. G. A. Buzacott,
Deputy Postmaster General of Queensland; Mr. J. Dalgarno, for New South Wales,
and Sir Joseph Ward, Postmaster General of New Zealand, kindly placed the use of
the respective telegraph lines at my disposal for the nightly clock exchanges.

At the Wellington observatory batteries and telegraph instruments had to be
installed for the clock exchanges with Doubtless Bay. This was done by Mr. Buck-
ley, government. electrician, who algo kindly attended every might during the cam-
paign at the observatory to the exchange of signals. In short, wherever and whenever
any assistance was required it was readily and cheerfully extended, and the success
of the work is in no small measure attributable thereto.

The number of stations between Vancouver and Australia, as well as between
Vancouver and New Zealand, is odd, and as the two observers cecupied alternate sta-
tions, the terminal statioms, Southport and Doubtless Bay, are each free by this
means from personal equation.



ix REPORT OF THE CHIEF ABTRONOMER 39

SESSIONAL PAPER No. 25b
KLOTZ—INSTRUMENTAL EQUIPMENT,

Transit—The transit (Fig. 1) is by T. Cooke and Sons, and known as No. 504 of
their catalogue, 1900, with slight modifications. This instrument was specially ordered
for the Tran#bacific longitude, and was received only a short time before departure for
Vancouver, where it was mounted for the first time, and the large inequality.of pivots
discovered. It has an object glass of three inches, clear aperture, and is mounted in
a tube of double conical shape with dew-shade; focal length about 36 inches, axis 13
inches in diameter, Y’s 11 inches in width; the support of each end of the axis is two
cylindrical segments having arcs £ inch long.

The telescope is provided with two 63-inch setting circles reading by verniers to
20 seconds of arc. Omne of these circles is provided with a special arm for carrying
the latitude level, when using the transit as a zenith telescope. Above the level there
is a device for an_attachable mirror, a strip of silver glass set in a metal frame. In
using the transit as a zenith telescope the level readings cannot be satisfactorily read
for stars near the zenith, as one end of the bubble will be directly behind one of the
transit standards. To avoid parallax in reading the level, the mirror, secured at an
angle of 45 degrees, and at the height of the eye, overcomes the diffculty.

A striding level is provided. The vial rests on cork tips, and is retained in posi-
tion by light cork tipped springs. There is a glass covering to prevent sudden change
of temperature of the vial. A single wooden knob on the level frame serves for hand-
ling the striding level. On account of the long legs it was found necessary to attach
lateral legs to prevent accident from toppling over through gusts of wind or other
cause. A dew-cap 6 inches long is used when observing. The eye-piece attachment
carries a miicrometer for the movable thread used for latitude work. The micrometer
is divided into a hundred parts, equivalent to about 56 seconds of arc, so that by esti-
mation to tenths of a division, about six-hundredths of a:second of arc may be read.
The eye-piece attachment with micrometer may be turned through 90° from the ordin
ary position when observing transits, in order to make the movable thread available
for measuring zenith distances in latitude work. Instead of having a comb for count--
ing the revolutions of the micrometer there is a small, toothed, geared and numbered
wheel outside to effect the same purpose. This has the advantage of obviating errone-
ous counting which may happen with the comb in counting from left to right, instead
of from right to left or vice versa.

Of the different eye-pieces with which the telescope is provided the same rectan-
gular (erecting) eye-piece was used throughout. The eye-piece is set in a cross-slide
with quick-travérsing screw and milled-head. 3

There are on the dispfiragm thirteen spider threads, two outside ones and then
two groups of three each placed symmetrically about a middle group of five threads.
The equatoral interval between two adjoining threads in a group is about 18 seconds
of time. The illumination of the threads was effected through the hollow axis by an
oil lamp, placed on an arm 9 inches long. To prevent unequal heating of the axis, a
lamp was placed at each end of the transit axis. Tuecea oil is found the most satisfac-
tory for burning in the small instrumeént lamps.

The transit was supplied with reversing apparatus. The cast-iron stand rested
on a base-plate and was supported by three large screws, one at one end and two at the
other, fitting into spherical holes in the base-plate. For meridional adjustment two
opposing screws at the foot of the stand and near the supporting screws acted on a
projection on the base-plate, the levelling was done by the single supporting screw at
one end. The base-plate was not bolted to the cement capping bf the pier. The
weight of the whole instrument and plate was sufficient to retain the latfer in a per-
manent position with reference to the pier.

Qlocks—Two clocks or rather chronometers: were carried. They were adjusted
to gidereal time. Both had bresk-circuit electrical attachments.

- Dent No. 48419 had two-second breaks at the even Seconds, omitting the 58th
second break in order to indicate the 60th or minute break.
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_To the inside of the outside case were attached maximum and minimum thermo-
meters and an ordinary thermometer within the chronometer box proper. One dry
cell was generally found. suficient for the clock circuit, and would retain its effi-
ciency for two months. During the day time when not observing, the clack circuit was
of course left open. The clock at each cable station was placed in one of the ¢ artificial
line’ cabinets, so that its temperature might be as uniform as possible. The fluctua-
tion in temperature during the twenty-four hours was small, being confined within
about two degrees Fahrenheit. At Vancouver the chronometer was kept in a small
brick vault near the observatory, used for storing the powder for the signal gun, a
quarter of a mile distant, which is fired daily at 9 p.m. Pacific standard time. In-
sulated copper wire connected the clock with the switchboard in the observatory, hence
with the chronograph circuit; and by another set of wires with the sounder on the .
pier of the cable instruments, by means of which, as more fully explained elsewhere,
the clock was made to record its beats by a special siphon on the cable fillet of paper.

The clock was wound daily at 4.30 p.m. ;

Bond No. 516 made two second breaks also; instead of omitting the 58th second
break, however, a break for the 59th second was interpolated to identify the following
one for the full minute.

Chronograph—A Fauth’(Saegmiiller) barrel or cylinder chrondgraph was used.
The cylinder was 63 inches long and 4 inches in diameter. It was geared to two speeds,
but the slower speed of one revolution per minute was the one always used. A Water-
man fountain pen answered the purpose as recording style, but it requires atiention.
The perversity of some things at times seems inexplicable. X

The pen, being actuated by the small armature of the magnet of the chronograph,
and the eleciric circuit of the latter by the clock, also by the observing key, records
both the clock and star transit. :

Tt was customary to use one chronograph sheet for each position of the instru-
ment, so that for a complete set there would be four sheets for a night’s observations,
and an extra sheet when there was an exchange of clock signals over land lines. The
chronograph sheets are infinitely more convenient for sealing a set of observations
than the Morse fillet 80 common in the European observations. For subsequent refer-
ence too the sheet is vastly superior to the yards or fathoms of fillet.

The measurements on the chronograph sheets were made by means of a conver-
gent-divergent glass scale, covering the two-second spaces, and dividing the same into
tenths of a second, which by estimation were read to hundredths. Fig. 2 shows one
of the chronographs used.

Levels.—Both the latitude and striding levels used were supplied with the transit
by T. Cooke & Sons. .

Their value was determined before and after the work by means of a level-trier,
114 -40 inches between the pivots, and the Whitworth micrometer screw for raising and
lowering one end of the trier read directly to one-thousandth of an inch. Determina-
tions for value of one division of level were also made by placing the level longitudin-~
ally on the telescope tube of transit No. 2, then comparing the displacement of the
bubble with the corresponding angular movement of the telescope as measured by the
‘micrometer on some distant fixed object.

The method by level-trier is more accurate than the one by the micrometer,
as the latter involves the uncertainty of comstant bisection with the micrometer
thread.

Electrical Apparatus—The switchboard which has been used for many years very
satisfactorily in connection with the Canadian transcontinental longitude work, was
used at every station. For clock exchange by cable all its parts were not reqyired;
it then only served for the observations themselves by making the necessary connec-
tion’ between clock, chronograph and observing key.
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However, at Vancouver, Southport and Doubtless Bay, where clock exchange
signals were made over land lines and the conversation was done over the wires from
the observatory, all parts of -the switchboard were brought into requisition.

The accompanying diagram (Fig. 3) will illustrate the various parts and connec-
tions of the switchboard.

When observing, the switch is to the left, and plug 1 is in. The chronograph cir-
cuit is broken by the chronometer at the points of the clock relay, as well as by the
observing key.

For simply talking over the line the switch is to the left, plug 2 in, plug 3 out,
and also plug 8 out if the sounder is to be used. Experienced operators do not need
the sounder but read off the relay. _

For clock exchange, both clocks (of the two stations) beating simultaneously over
the wire, the switch is put to the right, plugs 1 and 2 out; 8 may be out or in. When
3 is in, the talking relay is cut out. In clock exchange the main line current passes
over the points of the clock relay and is there broken; similarly the distant clock
breaks the local chronograph circuit at the points of the signal relay.

For arbitrary signals, sent with the break-circuit signal key, the switch is to left
and plugs 1 and 2 out, so as to throw the chronograph circuit over the points of the
signal relay. Under all conditions the chronometer always records on its own chrono-
graph.

When the switch is to one side, the opposite points are in contaect. The switch
separates them, and changes thereby route of current. One dry eell (Mesco) is suffi- ~
cient for the clock cireunit. This is always independent of any other current, and to
protect the points of elock contact only one cell is used.

For the circuit of the observing key and chronograph two or sometimes three cells
are used.

Cable Attachment.—From former experienice it was found undesirable to have a
direct connection between the clock and the cable siphon, 4.6., to have the clock record-
ing directly by means of the cable siphon. It is better to have an independent clock
siphon tracing a line parallel to the one of the cable siphon.

To obtain the local clock record or two-second beats on the cable fillet, an ordi-
. nary sounder (Fig. 4) was provided with a 4}-inch long threaded rod attached verti-
cally to one end of the sounder arm. Over the rod fitted loosely an oval ring held in
position by two opposing screws and also by two nuts, one above and the other below the
ring. The heads of the screws were perforated to admit of centering and fastening the
silk fibre, to be spoken of presently. 'The sounder was screwed on a small board and the
latter securely attached to the pillar on which the eable instruments are set, as it was
found that by placing the sounder on the table the vibrations to which it was subjected
by walking or other causes, made the siphon record unsatisfactory. On the brass frame
(o the cable instrument) carrying the ordinary cable siphon was stretched another
thin wire to which was attached a siphon which was connected by a raw silk fibre with
the rod of the sounder arm, so that the sipbon responded to the pulsations of the
sounder and hence when filled with ink would leave a record on the cable fillet.

The recording of this siphon differed from that of the ordinary cable siphon, in
as much as it dragged a continuous line on the fillet, while the other makes necessarity
a dotted lime, produced by the small vibrator tapping the frame. The magnetic effect,
produced by the weak current used on cables, and which actuates latterally the cable
siphon, is too weak to permit the siphon to rest permanently on the fillet, it could not
draw it aside, so the giphon is kept just above the paper and by means of the vibrator
is made to deposit drops of .ink-—about 60 per second—and thereby leave a record.

Before attaching the silk fibre to the sounder rod and siphon it was subjected to
a constant pull by means of a small weight for a day in order to remove its elasticity
suffiiently to permit of instantly regponding on the siphon to the movements or pul-
sations of the rod. The tension of the fibre was adjustable by means of the two small
opposing screws in the oval rings of the rod.
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The local clock record on the cable fillet was necessary in order to be able to
interpret the arbitrary signals sent from the other observing station and recorded by
the cable siphon. In receiving signals there were two records on parallel lines on the
fillet, the sigpals as shown by the cable siphon, and the clock beats shown by the
other giphon. The trace of the latter was the foot-rule, so to speak, or scale for
measuring the other. The two-second breaks in the line drawn by the clock siphon
were projected vertically by a fine pencil line on the line of the cable siphon and
the relative position of the arbitrary signals measured by a glass scale, similar to
the one described, but somewhat larger, as the two-second breaks on the fillet were
made considerably larger than those on the chronograph sheets. The speed of the
fillet is adjustable by the small motor.

Although the siphons were generally placed fairly opposite each other, that is, in
the same perpendicular to the fillet, yet it was necessary to knew their parallax.
To attain this end the local clock circuit was put in connection with one of the
cable keys, the one (positive) used for sending arbitrary signals. A special arm was
attached to that cable key so that when the cable key was depressed to make circuit
and send a signal into the cable, the arm would at that moment break the local clock
circuit, hence record the time on the fillet. By comparing the relative positions to a
vertical of the break made by the cable siphon with that of the other siphon for an
arbitrary signal, the apparent parallax of the siphons is obtained. To this parallax
there may be a small outstanding correction due to want of perfect adjustment, that
is, that the make of the cable key absolutely synchronizes with the break on the clock
circuit. To obtain the absolute parallax the metal frame carrying both siphons was
given a slight sharp tap, generally with the back of a pocket knife. By this means
there was a momentary simultaneous displacement of both siphons and the parallax
obtained, and by comparison with the above, an adjustment, if necessary, made.

The correction was always a small quantity—if anything at all—and ‘about one-
hundredth of a second of time. -

Observing key—This was an ordinary Amerjcan telegraph key mounted on a
small piece of wood. The spring adjustment was made weak, and the platinum points
about a fortieth of an inch apart. The same conditions were maintained throughout
the work. The moment the key was touched the circuit was broken and the transit
recorded, independent of the spacing between the points of the key, which is not the
case in a make-cireuit key. 7

SYSTEM OF WORKING.

Programme.

It was decided that for each final differential longitude there should be five
mutually complete nights or their equivalent. )

Time set—A complete night’s programme comprised twenty-eight stars, divided
into four sets of seven stars each. One of the seven being a pelar, while the others
were distributed between the zenith and an equatorial zone.

Two of these sets—one clamp east'and one clamp west—comprised a time deter-
mination, so that each night, when clear, there would be two independent time deter-
minations, and a measure of the individual hourly clock rate obtained, beside the
daily rate shown by the observations of successive days.

For the northern hemisphere the Berliner Jahrbuch has generally been used
fcr the selection of stars, but for the southern hemisphere the British Nautical
Almanae furnished the most suitable stars. Both were supplemented by the Ameri-
can Ephemeris and Connaissance des Temps. On account of the difference in longi-
tude between any two stations, and for other reasons it was not practicable for ﬂ:le
two observers to use the same sets of stars for the purpose of eliminating errors in
right ascension, which in the standard stars alone used is supposedly a very small quan-
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tity. The programmes were always so arranged that each observer would, with clear
sky, have completed his first time determination, that is, would have observed one
set clamp east and one set clamp west, before the time of exchhnge, generally at 9.30
p.m., of clock signals. These signals would therefore fall between the first and second
independent time determinations. It is all-important that the respective clock errors
be accurately known at the time of exchange of clock signals., This jis best obtained
and assured when there is a time determination immediately preceding and ome
immediately following such exchange. Through clouds or rain, or other unpropitious
weather it was not always possible to obtain the time determination when desired.

Hzchange on Cable—Along the whole system of the Pacific cable Greenwich
mean time is used for the commercial work. For Fiji through which runs the anti-
meridian of Greenwich, the Greenwich mean time 12 hour clock dials would praeti-
cally show local time for Suva. It was desirable in the cable offices that the time for
exchange of clock signals be fixed at some definite time so that the officers counld
govern themselves #®cordingly and have the spare cable instrument in readiness at
the appointed time, The time was so arranged that the westerly observer had time
to obtain his first time determination before the exchange, In the tropics observing
may be begun almost immediately after sunset, as there is little twilight. The ex-
change consisted in each observer sending alternately not less than thirty arbitrary
signals at irregular intervals, averaging about two seconds apart, the interval being
always sufficiently long to permit the siphon to have well resumed its normal position
in tracing the zero line of dots on the fillet. The signals having been mutually and
satisfactorily received, the record of the night’s work and of the preceding night was
mutually communicated, and this ended the use of the cable for the night. If all
went well, the whole exchange of signals and communications would occupy less than
ten minutes. This was, however, not always the case; the ink in the siphon might
give trouble, or the vibrator, or some other vicissitude for which one must always be
prepared not only at the cable instrument, but also in the observatory.

Thronghout the whole work, received signals were scaled by Klotz on the cable
siphon record, by projecting the 2 second breaks of the elock on the lower or clock
siphon record upon the upper one. This method was preferred to projecting the re-
ceived signals (beginning of deflection of cable siphon) on the lower line to avoid
cbliterating or obscuring by a pencil line as ordinate the dot or dots (vibration of
siphon) indicating the arrival of the signal. In the method pursued, after adjusting
the glass scale to cover the intersection of the ordinates from the clock breaks with the
zero line of the cable siphon, one could deliberately determine the first indication of
the cable siphon leaving its zero line of undisturbed position.

The scaling of the signals sent, which were recorded by both siphons, was always
done on the clock siphon record, hence it is necessary to apply to all scaling of signals
received, which were recorded of course only on the cable siphon, the parallax of the
cable siphon. This parallax was readily obtained from the signals sent, because in that
case we have the record for each signal by the two siphons. To test the adjustment of
the cable key with the local clocdk eircuit, .6, whéther the two siphons recorded simul-
taneously, the cable key make and the elock circuit break, the frame carrying the two
siphons was lightly tapped after the exchange of signals thereby making simultane-
ously a break in the two lines made by the siphons, and the absolute parallax ex-
pressed in time found. If the apparatus is well adjusted, this absolute parallax is
identical with the one obtained as described above. When a difference was found it
was confined to about one-hundredth of a second.

Mr. Werry invariably scaled the cable siphon record both for sending and re-
ceiving signals on the clock siphon line by projecting the same on that line. The
parallax of the siphons was obtained in a manner similar to the one described above.

The accuracy with which a comparison between two clocks or chronometers can
be made by means of a cable, is practically only a matter of careful scaling of the
time signals on the tape. So that with the tape running out approximately an inch
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a second it is found that an exchange of thirty signals gives a probable error for the
mean difference of the two chronometers of less than =+*.002. Small as this quantity is,
it includes error of sealing, irregular running out of tape, irregularity of clock beats,
and differential rate.

Compared with the many other quantities—star places, level readings, tempera-
ture with its hidden effects on instrument and chronometer, errors of observation,
persona] equation—entering into the determination of the difference of longitude, the
probable error of an exchange of time signals is almost a vanishing quantity. The
same remark holds true for an exchange over land lines. Fig. 5 illustrates a cable
record, both receiving and sending.

Clock Ezchange on Land Iines—Land line exchanges were made between Van-
couver and Bamfield, Southport and the observatories at Brisbane and Sydney,
the former fifty miles distant by wire, and the other 753 miles. Also between Doubt-
less Bay and the observatory at Wellington, 704 miles. The exchanges were effected
without the interposition of relays on the line.

It was customary to allow both clocks to record over the wire at the same time and
record on the chronographs of the two stations. This was a mere check on the actual
exchange by arbitrary signals and to show the relative position on the chronographs
of some one minute (the 60th second) of the one clock and some one minute of the
other clock. Experience has long shown that a more accurate comparison between
two clocks can be made by arbitrary signals, that is by breaking the local clock cir-
cuit as shown on the chronograph, and by that same depression of the key, breaking the
main line and hence sending a signal to the distant station there to be recorded on
the chronograph, than by simply allowing the clocks to record over the line. The
particular merit of the arbitrary signals lies in the fact that in scaling the chromo-
graph sheets the mind is and remains unbiased in making the measurements, whereas
when scaling the record of the two clocks recording simultaneously on the chrono-
graph, the mind involuntarily becomes biased after making one measurement. We
know in advance what the remaining measurements should be. It is impossible to
get rid of the influence of knowing in advance what to expect. This undesirable con-
dition in exchange of clock signals is obviated by adopting the method of arbitrary
signals. The measurements on the chronograph sheets as well as on the cable fillets
were read to the one-hundredth of a second of time.

At the three observatories, Brizsbane, Sydney and Wellington the Morse register
with fillet of paper and two styles was used for recording the exchange of eclock
signals. It is somewhat surprising how temaciously this form of chronograph is
maintained not only at these observatories (Sydney had a drum chronograph too) but
also at those in Europe. The cylinder chronograph is to one who has used both so
manifestly superior for convenience of reference and reading and saving of time that
it is difficult to understand why the Morse form is retained.

Rate.—Rate is one of the most difficult problems with which we have to deal in
longitude work. It is not the magnitude of the rate, although a small rate is very
desirable, but the constaney. This is the crux. A chronometer may have an appsr-
ently constant daily rate, yet the hourly rate for the twenty-four hours may and does
vary. Again the rate is not the same when the current is on, as when it is off; the
former condition obtaining when observing, and the latter the rest of the day.  The
rate deduced from two indepedent time determinations of the same night, when the
temperature is practically constant for the elock during the time of observation, and
the clock is in circuit with the battery only during that time, is seldom, if ever, the

»same as that obtained from day to day observations.

In our programme we have two independent time determinations for each night.
Each set of transits is reduced to the epoch of the mean of the times of transit of the
stars comprising the set. The rate which is applied for each transit to the mean
epoch, and for which some magnitude must be assumed, is practically a vanishing



ix REPORT OF THE CHIEF ASTRONOMER 45

SESSIONAL PAPER No. 25b

quantity in the resulting clock correction. The ideal time of exchange would be at
that epoch, when the effect of rate is eliminated. But for various reasons this is found
to be impracticable. In the programme then of two independent time determinations,
for obvious reasons the exchange was arranged to take place sbout midway between
the two epochs. An interpolation between the two epochs gives the clock correction
at the instant required, that of the signals. This assumes that the rate is comstant
during the interval, and is represented by a straight line. If extrapolation is necessary,
as sometimes occurs, the rate value has less weight.

Transmission Time—On the sssumption that the time of transmission is the
same in both directions and that the chronometers have the same rate, the difference
of records at two stations of the exchange of time signals will represent twice the time
of transmission.

We are obliged to assume that the transmission time is the same in both direc-
tions, but to the difference of the records of exchange of time signals there must be
applied the relative rate for the interval between the means of the times of the two
exchanges. This interval is confined to about two minutes.

From the two independent time determinations made at each station on the same
night the hourly rate of each chronometer when in circuit is obtained. The algebraic
difference of these honrly rates gives the relative hourly rate of the two chronometers
and the proportional part for the above interval is the quantity entered in the ecolumn
‘ Relative rate’ of Table.....

On exchange by land-lines, it will be seen, referring to the diagram of the switch-
board that the deduced transmission time is free from any retardation by the signal
relays or by the secondary circults of the chromographs. The effect upon the com-
parison of the clocks of retardation by the signal relays and secondary cireunits
will disappear in the mean of the two exchanges provided the sum of the retardations
by signal relay and secondary at one statiop is equal to that at the other. This
eondition is, however, not necessary for finding the time of transmission.

Personal Equation.—Fortunately for the connection between Canada (Vancouver)
and Australia (Southport), also New Zealand (Doubtless Bay), the personal equation
between the two observers was eliminated. This is, of course, on the supposition that
the personal equations remained constant. As the climatic conditions, as far as tempera-
ture was concemned, and the surroundings were favourable for personal comfort, there
was no a priort reason for suspecting any change during the campaign in the personal
equation. The elimination referred to was due to the fact that the number of stations
was odd, and that the observers occupied alternate stations. I occupied the terminal and
middle stations, while Mr. Werry occupied the other two—Fanning and Norfolk is-
lands,—and for these two stations differential personal equation must be applied. To
determine such we observed on our return with the same two transits of the Trans-
pacific longitude, on several nights in a manner identical with that at work in the
South seas, and under similar climatic conditions. It may be remarked that it was
impracticable before leaving Ottawa to observe for personal equation. In the first
place it was winter, thermometer below zero, and secondly my Cooke transit had not
yet arrived when Mr. Werry set out for Fanning island, via Samoa.

For the longitude of Brisbane, Sydney and Wellington, I observed with each of

the observers at the respective observabones, by determining the clock correction for
the respective common epochs.

Instrumental Constants.

Thread Intervals—These were determined by both instruments by observing the
transits of slow-moving (polar) stars and the intervals were all referred to the mean
and not to the middle thread. The times of transit are corrected for level (if any
change of level has taken place during the transit) and for rate. Multiplying the
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time interval of any thread from the mean thread by the cosine of the star’s declina-
tion gives the equatorial interval for the same. For circumpolar stars, whose motion
during the time of transit from omne thread to another is sensibly an arc of a circle
the interval must be further multiplied, by the cube root of the cosine of the hour
angle of the star for the respective threads.

The following are the values of the equatorial intervals for Klotz transit, deter-
mined from transits of ¢ Orueis, v Trianguli, « Trianguli and 8 Chamaeleontis.

Clamp East.
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For the Werry transit, the values determined from transits of A Centauri, o Crueis,
Groombridge 1930 and 8 Draconig are:—

Clamp East.

s.
14209
-11-903
- 9-578
- 4794
- 2196
- 110
+ 2-454
+ 4681
+ 9-591
¥11-906
+14-153

.

RO©®Io oo om
I

e

Inequality of Pivots.—The Klotz transit was received from the maker in the dead
of winter and just prior to leaving for the Pacific so that no opportunity was afforded
to determine any of its constants at Ottawa.

The inequality of pivots was determined both by special series of observations and
also from the many level readings just before and after reversal of transit in the
daily (clear nights) time determinations.

In this transit there was a considerable change in the inequality of pivots from
April to December. For Vancouver and Suva the values are identieal, thence onward
there is an increase for Southport and still more for Doubtless Bay. The cause of
the change is not apparent. Before beginning observing in Southport I removed with
great difficulty the plug carrying the lens in the clamp end of the axis as the inner
surface of the lens was covered with brass filings. In re-inserting the plug I did not
get it quite ‘home’ This might perbaps have affected the diameter of that pivot.
Whatever the reason, the quantity was accurately determined and applied to the level
correction. .
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The mean value for Vancouver of seven determinations gave for p the pivot in-
equality correction %080, the inequality being twice that guantity.

A similar determination at Suva gave p==2.080.

At Southport a double series was taken, one by continuous readings on many
reversals, the other from many nights level readings during the time of transit obser-
vations. From these we obtain p=—2.117.

At Doubtless Bay the value was obtained from level readings extending over the
whole period of time determinations in December and the resulting value for the
correction of inequality of pivots is p=—="151.

All the corrections are additive for clamp east, the axis opposite the clamp being
the larger. The respective values of p were applied for each station.

Level—The value of the striding level of Klotz transit was obtained from two
series of readings on different days, by placing the striding level longitudinally on the
telescope of the Werry transit. The telescope was clamped in a position to allow the
bubble in the striding level to play near one end of the tube. By means of the micro-
meter and its thread a reading was taken on a distant object. Then by means of the
tangent screw of the telescope, the latter together with the level was displaced. This
displacement was measured by the micrometer screw and expressed in angular mea-
sure. Repeated and satisfactory measurements were thus obtainéd.

The mean value of one division of the level at 68° F. is 2.085.

By the use of the level trier the mean value of the striding level (a Pessler)®of
the Werry transit was found to be 2100,

Micrometer—The value of the micrometer of either instrument was not required
in the longitude work, only for the latitude determinations, by using the transit as a
zenith telescope and observing by Taleott’s method. The value of the micrometer was
obtained from a series of transits of slow-moving stars over the micrometer thread,
set in advance at intervals of five revolutions. The times of transit were corrected
for rate aild for hour angle. The mean of the time intervals was taken and reduced
by multiplying by the cosine of the star’s'declination. .

From such observations the value of one revolution of the Klotz transit micro-
meter was 56”-878.

That for the Werry transit is 607.556.

Diurnal Aberration.—The correction for diurnal aberration was obtained for each
star by the usual formula-* 0207 Cos. ¢ Sec. § and alpplied to the time of transit,
¢ and § being the latitude and declination respectively.

For lower transit the correction is positive.

Collimation—The correction for collimation was determined from ‘the simul-
taneous reduction of a set (clamp east and clamp west) of transits for time.

No direct measures were made by means of observations with collimating teles-
cope or mercury collimator.

-

Azimuth.—For the determination of the deviation of the transit instrument from
the meridian a polar or slow-moving star was observed in each position of the in-
strument in the set of time observations. The value was obtained as in the preced-
ing case from the simultaneous reduction of the condition equations constituting a
time determination. As the principal unknown sought is the clock correction, the
stars comprising an observation set may be so chosen that both the collimation and
azimuth corrections, irrespective of magnitude, have little effect on the deduced time.

Beduction of Observations.—As already stated a complete time determination
consisted of the observation of fourteen stars, seven for position clamp east and
seven for clamp west.

On a clear night two of such determinations were made. For each position there
was one polar star the others being time stars. The mean of the eleven threads was
taken for the time of tramsit. This time was corrected for level, inequality of pivots,
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aberration and rate, giving thereby the corrected time of transit, but still involving
the azimuth and collimation corrections besides the clock error. ]

The right ascensions for a given date were interpolated from the respective
ephemerides, and ‘ the corrections to the R.A. of the Nautical Almanac’ as well as of
the Berliner Jahrbuch, were applied.

Assuming then a clock correction AT for the mean clock time of the transits of
a set, and to which time the rate was referred for obtaining the rate correction, we
have for each star observed a condition equation of the form,

AT + 8T = (a-£) + Aa+Ce.

where AT +8T is the clock or chronometer correction. From the fourteen (or less)
condition equations the three normal equations are deduced in the usual manner, and
the three unknowns determined. As a rule, after beginning observing no attempt was
made to level the instrument, but instead frequent readings of the level were taken.
There was only one azimuth deduced for one set of clamp east and clamp west, except
in a few instances, which showed displacement in azimuth after reversal. This change
was due either to reversal or to the levelling done at the time of reversal. The latter
veason is appaxently the one for the Werry transit, and may be explained by the
unsymmetrical motion of the base of the heavy levelling screw in its socket in the
base plate. The change in azimuth.in the few cases became only apparent, when mak-
ing the final reductions. In the recomputation for such cases the normal equations
were golved for two azimuths, one for each position of the instrument.

Ordinarily the exchange of clock signals took place during the interval between
the two independent time déterminations which each observer made nightly, provided
the sky was clear. The arithmetic mean corrected for parallax of siphons of the dif-
ferences of the clocks from the individual signals was taken as the difference of the
¢locks at the mean time of all the signals sent from or received by the respective
observers, so that there was no necessity for applying a correction for differential rate.
The thirty-five arbitrary signals sent by each observer were usnally comprised within
less than two minutes. The differential rate, however, was applied for detetmining the
time of transmission. That is, in comparing the differences between the clocks at the
mean times of the two exchanges, differential rate was applied for the interval between
the mean times of the two exchanges.

We have then two clock comparisons, and they differ from each other by twice the
time of transmission.

To obtain the difference of longitude, the necessary data is now available, and a
simple computation from the following formula gives the difference sought.

Let £, and AT,, = the chronometer time and its correction at the eastern station when
sending a signal. =t
t, and AT,, = similarly for the western station, when receiving the above sig-
nal. :
and ¥, and AT, =the chronometer time and its correction at the western station when
sending a signal.
¥ and AT, =similarly for the eastern station when receiving this signal.
= transmission time.
dA = difference of longitude, west longitude being reckoned positive.
We have then from an eastern signal.
dr-p=te+ ATy - (t +AT,y) =aA,

and from a western signal,
dA tp= t’, + AT',e —(t’ + AT,ow) = dl\'
hence dA=% (dA,+dA,)

This is on the supposition that the relative personal equation has been applied to
the chronometer correction, and furthermore, that the time of transmission from east
to west is the same as from west to east, an assumption which must be made.

Hence we obtain also y=} (dA, —dA,)
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Tf we let K =relative personal equation between the two ohservers the following
formule express the difference of longitude for the several links across the Pacific,
the observers occupying alternate stations.

Vancouver-Fanning dif =} (di} +di}) + K. ;
Fanning-Suva ¢ =} (diff +di]) —K
Suva-Norfolk di™ =} ('] + di'H + K.

and Norfolk-Southport di'¥ =} (i +dily) —X.

hence for Vancouver-Southport dL=3 (3dA,+3dA;)

That is, the difference of longitude between Vancouver and Southport, Australia,
and similarly for Suva and Doubtless Bay, New Zealand, is free from personal
equation even without knowing its magnitude, which, however, was determined, as
stated elsewhere, for application to the Fanning and Norfolk longitudes.

The probable error of a difference of longitude was found from the probable
errors of the two chronometer corrections and the probable error of the exchange of
time signals.

We have then B gy =~/Eo+ B + B,

For the weighted mean difference of longitude of a number of mnights we have

= (dl\;lT + dA,Erl:r +dA, 2,%,— *. )di‘ﬂdod by(ﬁ" S Eq +. ) the latter
1 2 3

quantity representing the sum of the weights, which we may write [p]. From the
weighted mean and the individual values of the difference of longitude we obtain a
series of residuals ».

The probable error of the weighted mean is found from

E e fp el
iy 6745\/[:& n-D

where n represents the number of individual values.

This gives then the probable error for the final difference of longitude between
two successive stations.

The probable error of the longitude of a station is the square root of the sum of
the squares of the probable errors of the various stations forming the chain from the
prime meridian, or Greenwich, that is, E, =VIEIn] ad

SYDNEY OBSERVATORY.

The following description of the instruments used at Sydney in the recent deter-
mination of the difference of longitude Sydney-Southport, has been kindly furnished
by Mr. H. A. Lenchan, F.R.A.S,, acting government astronomer at Sydney for New
South Wales,

‘The transit has a 6-mch object glass by Troughton & Simms, of London, who
constructed the instrument ih 1875. The focal length is 6 feet, and it is provided
with a dew-cap 18 inches long.

‘The bearings of the instrument are on fixed gun-metal bearings on cast-iron
columns; no adjustment for corrections of level or azimuth being provided. This
was designedly done, so that there would not be a possibility of alteration in any way.
The eye-piece used magnifies 148 times. The instrument has two circles 2 feet in dia-
meter, graduated to every 5 minutes of are, and these graduations are still further

25b—4
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sub-divided by the micrometer microscopes, which are readily read to the tenth of a
second of arc. There are two setting circles one on each side of the tube, graduated
to 20 minutes of arc, and further divided by the vernier.

¢ Counterpoises on each pier take off the greater weight on friction wheels from
the bearings, leaving very little resistance on moving in declination. A sgliding re-
flector in the instrument regulates the illumination of the field of wires from a lamp
at the end of the axis. A sef of seven vertical wires and a horizontal one is provided;
the equatorial intervals being about 5 seconds of time apart; and these wires are from
the cocoon of one of the silk worms readily got in the gardens here. These cocoons
have small sticks attached to the outer surface. We find the fibres of silk are stronger
than the spider lines, and they last longer, the only drawback being their varying thick-
ness, but this is not so marked as to cause them to be rejected.

¢ The instrument has a collimating telescope outside the building to the morth,
and reading by this (with the micrometer moving the wires) in its field, through
holes in the transit circle and again through a 40-foot lens on the southern wall t0 a
silver plate with vertical and horizontal crosses on its face. This plate is on a pier on
the same level as the northern collimating telescope. We adjust the moving wires of
the collimating telescope on this mark, and then take readings with the transit circle
telescope on both, the mean of the adjusted wires on the northern collimator and on
the southern mark gives the collimation of the transit circle, which deducting ”-010
for aberration is the final setting of the K. A. micrometer.

¢ Level readings are by reflection of the wires in a mercury trough on Pritchett’s
principle, viz., a shallow copper trough 6 inches square with an amalgamated surface
containing only about %46 inch of mercury. This is placed in a recess below the in-
strument on the solid stone which carries the piers. The instrument is protected in
every way from any vibrations of the building or floors, being on a separate pier ex-
tending from the bed-rock below the foundation. The observer mounted on the re-
mover reads through a Bobnenberger eye-piece the wires covering their reflections by
moving the micrometer, and the mean of these (10) readings are subtracted from the
collimation, a smaller reading giving a +, a greater —sign, and expressed in the equi-
valent of the micrometer screw.

¢ Azimuth is determined by the stars by observing upper and lower transits of slow-
moving circumpolar stars, and we find the instrument so extremely steady that any
variation of over a fraction of a second of arec is practically not existant.

¢ The sidereal clock is by Frodsham, of London, and has at present a small wheel
on the pendulum rod, which as it swings to the vertical presses a delicate spring into
contact and marks on the chronograph for each second, omitting the 60th, thus only
recording 59 beats to the minute and one break.

¢ A cylinder chronograph is used for observations and by diversion of current these
contacts go to a tape chronograph; this is generally used with longitude. On this tape
can be recorded with two pens, and can vary the beats of the clock to each peh, and
the same with any signals received from longitude stations.

¢ The transit observations are recorded on the same chronograph as the clock by a
flexible connecting wire and handle beld by the observer, who presses a small spring
with his thumb to make the necessary contacts recording the bisection of the star.

‘ The electricity is generated in four Edison-Laelande large cells, and the life of
the battery is long.

‘ The seven wires observed are entered in the transit book and a mean taken for
the central wire. This is corrected for the inequality of the divisions of the wires
from the central wire, and then level and azimuth are applied, collimation being non-
existing as already explained. Then follows the usual mode for arriving at the errors
of the true and observed transits. The mean of these results gives the clock error at
the mean time of transits. Correction for rate is applied to each star.

‘The value of the wires determined from many observations of slow-moving

southern stars is here given.
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BRISBANE OBSERVATORY.

The sérvices of the observatory are essentially for time purposes. The transii
is by Troughton and Simms, 1883, and is mounied on a sfone pillar. The objective
is of 23 inches clear aperture and 30 inches focal length. The reversing is done by
hand. The reticule has seven threads, the five central threads at equatorial intervals
of about six seconds. The pivots are cylindrical and there is no inequality of pivots.

On the striding level provided, fifty-six divisions are equivalent to sixty seconds
cf are. .

The time-piece used for the longitude work, including personal equation, was a
Kullberg sidereal chronometer, provided with a one-sgcond electric break. The chro-
nometer had a losing rate of about three-quarfers of a second per day.

The transits and exchange of clock signals were recorded on a Morse register
by embossing. The register has two styles, one always recording the clock and the
other, the transit key or the time signals to or from Southport, when making exchange
for difference of longitude. For the clock circuit three Leclanche cells were used,
and the same number for the chronograph circuit. The telegraph line connecting
Rrisbane with Southpert is fifty miles in length.

The following are the equatorial intervals, determined by means of the miero-
meter, one revolution of which=70":8, by Mr. T. D. Fraser.

Clamp West.
8

1. +23-95
2.. +1246
3.. +6:12
5.. SRR AR B EeiaE s el ed BOeE  SSDPOD
6.. Sia e ew wmie A W A8 Wi ms sl lis wie =193BB
o B8 S walae 5 KB 8 par e e iae sk C2A000

WELLINGTON OBSERVATORY.

The observatory was established in 1869 and is used for time service only. It is
situated on the summit of the hill within the old cemetery, and overlooks the city, har-
bour and surrounding country. The building has two rooms, a clock-room and a tran-
sit-room,

Clocks—In the former are three mean time clocks, and one sidereal—Dent No.
39720—having electrical attachment making contact or circuit avery second except the
80th in order to identify the minute. The clocks are all mounted on brick and cement
bases, and are fastened to substantial braced frames.

25b—43
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Transit.—The transit is by Troughton & Simms, and is mounted on a rather high
stone pillar. It has an aperture of 2% inches, and a focal length of 32 inches. The
reticule has seven threads at equal equatorial intervals of about 17 seconds of time.
There is a sensitive striding level, and one oil lamp for illuminating the field. The
single small setting circle reads to minutes and the reversing of the telescope is done
directly by hand.

Meridian Mark—The meridian mark, placed 35 years ago, which also serves for
testing collimation in the day time, is a 8-inch iroh bar set in cement, and shows well
above the sky-line of the Tinakori range to the north.

Chronegraph.—The chronograph is of the Morse pattern and records on a tape.
It is provided with two styles, side by side. The one records, embossing by make cir-
cuit, the second-beats of the sidereal clock, while the other similarly records the signals
by the transit key, also the clock or arbitrary signals received (from Doubtless Bay),
when making a comparison of the clocks for the determination of the difference of
longitude. The transit and arbitrary signals on the tape are readily interpolated, and
expressed in time, from the embossed dots or records indicating the seconds of the
local sidereal clock.

Electrical Apparatus—Mrx. J. K. Logan, Superintendent of Government Tele-
graphs, has furnished the following description and diagram (Fig. 6) of the arrange-
ment esgecially installed at the Wellington observatory, for the differential longitude
work with Doubtless Bay as this was the first time that an automatic exchange of clock
signals had been made with the observatory.

The Wellington clock made contact (circuit) every second, while the chronometer
at Doubtless Bay was arranged to ‘ break’ circuit.

“ Two British post office polarised relays, the coils of each of which were joined in
parallel, giving a resistance of 150 ohms for each relay, were connected in multiple
through three Leclanche cells to the terminals of the clock. One hundred and twenty
Leclanche cells, with the copper earthed were joined to one of the local terminals of
one of these relays and by adjustment, the tongue of this relay was made to bear
against the stop connected to that terminal. The ferminal connected with the tongue
was then joined to the copper terminal of a Siemens relay of 500 ohms resistance. The
line was connected to the Z (zine) terminal of the Siemens relay through a switch
arranged to disconnect it from the time recording ‘nstruments and connect it to the
speaking (Morse) instruments when required.

The local terminals of the Second British P.O. polar relay were connected through
8 Leclanche cells to the terminals of the magnet coils of the back style of the chrono-
graph. The local terminals of the Siemens’ relay were connected through 8 Leclanche
cells to the terminals of the magnet coils of the front style of the chronograph.
At every make of the clock the tongue of the P.0. relay that was connected to the .
back style coils, made contact and caused the style to emboss, thus registering every clock
beat. The other P.O. relay at every beat of the clock broke contact at its tongue,.the
line current was thus broken and a signal recorded at Doubtless Bay. As this line
current passed through the Siemens’ relay at the observatory, and while passing held
the tongue of that relay open against the bias given to it, at every break of the current
the tongue by reason of that bias, moved across and closed the local circuit, thereby
recording marks on the front style.

When signals were to be received from Doubtless Bay, the observatory battery
of 120 cells was cut off, battery being applied at the sending end.

At every break of the current at Doubtless Bay the Siemens’ relay tongue moved
to close the circuit and the breaks were recorded by the front style, marks being made
at the same time by the observatory clock with the other style. Arbitraries were re-
ceived from Doubtless Bay in the same way.

‘When arbitraries were being sent from the cbservatory it was arranged by means
of a two-way switch, to cut off the clock from one P.O. relay, i.e., the one, the tongue
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of which was in the main line circuit. This relay was then worked by the closing of
a key, the line current being broken at the tongue of the relay in the same way as when
the clock was operating the relay. This break was recorded at Doubtless Bay and also
on the front style at Wellington by the movement of the tongue of the Siemens’ relay,
at the same time the clock was recording on the back style.

It is desired to indicate that for received signals the tongue of the Siemens’ relay
had to move to close the circuit and the front style then to move to mark the tape.
The signals of the observatory clock had fo cause the P.O. relay tongue to move to close
the circuit and the back style then to move to mark the tape. The record of the outgo-
ing signals either from the clock or by arbitraries was got after the clock or the key
had caused the P.O. polar relay tongue to break the circuit which in turn caused the
Siemens’ relay tongue to move to close the circuit of the front style and whlch style
had then to move to impress the tape.

The line was 704 miles long, Wellington to Doubtless Bay, and was of 113 copper
throughout, 200 pounds to the mile.”

No repeaters were used.

DESCRIPTION OF STATIONS.
Vancouver.

At Vancouver the permanent observatory built in 1900 for longitude work was
occupied. Tt is situated on Brocktén Point, immediately to the south of the lighthouse.
The transit was mounted on a brick pier and a single wire connects the observatory
with the city office, distant about 3 miles, of the Canadian Pacific Telegraph system.
Every night at a given time, 10.30 p.m., the observatory was put in cireuit with the
line to Bamfield, the terminus of the Pacific Cable, for exchange of clock signals.

Fanning Island. ¥

This island or the group of three islands, of which it is one, was discovered by
Captain Edmund Fanning on June 11, 1798.*% At the time of its discovery it was
uninhabited, although ‘a stone case, filled with ashes, fragments of human bones,
stone, shell and bone tools, various ornaments, spear and arrow heads of bone and
stone, &ec.,) were found. G

The island is a coral atoll, about 10 miles long and 5 wide. It is only about 10
feet above the level of the ocean. The lagoon is surrounded by a fringe a quarter to
half a mile in width on which is the plantation of cocoa-nut trees, for the production
of the commercial article known ag copra, 6wned by Greig brothers.

The cable station is at the northwest part of the island at Whaler Anchorage,
and the observatory with pier was erected near the cable station. (See Fig. 7.)

Suva, Fiji.

The Fiji group, comprising several hundred islands, is too well known to require
any further description. The two larger islands, Viti Levu and Vanua Levu, are both
mountainous and have extinet volecanoes. The red voleanic soil of Taviuni, reminding
one of ‘the soil of the Hawaiian islands, is very fertila. The sea surrounding the
group is studded with coral reefs dangerous to navigation. The vegetation on the
islands is tropical and luxuriant. Commercially the principal products are sugar,
copra and green fruits. Among other products may be mentioned the vanilla bean
and trepang or béche de mer, the latter for the Chinese market. The natives at
one time the most ferocious cannibals are now docile under British rule. Bounteous
nature makes them indolent, since their vocation—ﬂghting——is gone,’

Two factors militate against the development of Fiji—one is, want of labour, and
the other, the dlﬂiculty of acqulsltmn of land,—all the land, save a small part, bemg

* Voyages Round the World by Edmund Fanning; Londom, O. Rich, 1834.
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still held by the natives and in common, so that there is great difficulty in seeuring
land for cultivation. Suva, on Viti Levu, is the official eapital, and the residence of
the governor of the South Sea Islands. No military is stationed here, but a native
constabulary is maintained.

The observatory (Fig. 8) was built on the Pacific Cable premises (Figs. 9 and 10).
The material used in construction was planed, tdngued and grooved flooring throughout.
The building is ten feet square, gable roofed, and has a three-inch opening around the
eaves for circulation of air. This arrangement worked very well and prevented the
instrument during the day-time becoming unduly heated. There were two shutters on
each side of the roof, giving a clear opening of two feet.

The pier was built of concrete. A cubic yard of concrete was sunk in the earth _
and the pier proper, 22 inches by 27 inches, built to a height of 30 inches above the
floor of the observatory. It was learned afterwards that the ground upon which the
pier was built had been filled in something over a year before to a greater depth than
the excavation for the pier. This may in a measure account for the movement of
the pier, although part of this motion is undoubtedly attributable to the tides.
" That is, the daily loading (twice) of the ocean bottom near the shore by high tide
would have the tendency to tilt the pier towards the sea, which effect would later
be counteracted when low tide had set in. The pier is sitnated 17 feet west from the
cable building (verandah), 42 feet north from the south limit of the cable lot, and
11 feet from the edge of the sea at high tide.

For the pendulum observations anocther similar pier but only 2 feet above the
floor was built within an adjoining hut, 7 feet square, to the east. The south walls of
the observatory and pendulum huts were in a straight line. The floors of the two
buildings were 5 feet 8 inches above high tide, so that the pendulum bob was, say, 8
feet above high tide.

The tides at Suva harbour average between 83 to 5 feet.

For the magnetic station it was not so easy to find ideal ground. The ground
has to be within reasonable distance from the observatory, to carry the instrument
and chronometer to and fro.

Corrugated iron has become a most important element in building operations of
the most diverse kinds in the tropics. It is used for roofs, for fences, in place of
weather boards, and for many other purposes. Especially in Australia does corru-
gated iron meet the eye at every turn.

After examining the vacant grounds in Suva, the embryo park to the south of
the cable premises was chosen for a site for the magnetic station.

The local surveyor, Mr. G. Heimbrod, who laid down a meridian for erceung
the pier and observatory, also made the connection between the astronomic and mag-
netic stations and gave the true azimuth of some reference points from the latter.
The Honourable Geo. Moore, Commissioner of Public Works, kindly placed a tent. at
my disposal for shelter to the instruments while observing at the magnetic station.

Norfolk Island.

Historically this isolated island (about 9,000 acres) is best remembered as a
British penal colony, and later (1856) as the new home of the Pitcairn islanders, the
descendants of the mutineers (1789) of the ship Bounty, Captain Bligh. In former
davs the island was the chief centre of the large whale fishing industry of the South
seas. This industry has, however, much declined. The best known produect of the island
is the Norfolk island pine (Araucaria excelsa). An avenue of these trees is a superb
sight, but in the individual tree the branches are rather too far apart to give it a fin-
ished symmetry and beauty.

The cable lands at Anson bay at the northwestern part of the island, and the
cable buildings are in close proximity to the precipitous cliffs of the shore. The
observatory with pier was erected between the cable buildings and connected in dis-
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tance and azimuth to a stone monument as shown on the accompanying diagram
(Fig. 11).
Southport.

The observatory built here was erected 30 feet southerly from the brick pillar
supporting the water tank near the south entrance to the offices of the cable building.
The magnetic station was in the vacant field of the cable premises and 186 feet south-
ward from the astronomic station (Fig. 12). The observatory was 10 feet square and
built similar to the one at Suva already described. For foundation of the pier a cube of
grouting was built in the earth, leaving its sides free from firm contact with the earth.
The pier 22 inches by 27 inches itself was built of brick with an inch cap of concrete.

The alignment for the pier and observatory was obtained without the aid of in-
struments by low north and south stars and a plummet, sidereal time having been
deduced from the noon mean time signal from the observatory at Brisbane.

At this station, connection was made with the cobservatories at Brisbane and
Sydney; and for this purpose, the land line in the cable office was led to the observatory
so that the clock and arbitrary signals during the nightly exchange with those ob-
servatories could be recorded on the chronograph.

The route line distance to Brisbane was 50 miles, and to Sydney, 778 miles. The
conductor was of copper, weighing 200 Ibs. to the mile. The line was cut through to
Sydney direct during the exchange, that is, no relay was interposed between the ter-
minal stations,

Doubtless Bay, N.Z.

At the foot of the deep bay of the above name the cable from Norfolk island lands
on a sandy beach. Close to the cable station the pier and observatory were built (Fig.
18). The foundation of the brick pier was in compact sand, and hence very satisfac-
tory. The building and pier were of the same dimensions as those of Southport and
Suva.

A triangulation has been carried over the North island by the Survey Department
of New Zealand. By instruction of the Surveyor Gemeral, Mr. J. W. A. Marchant,
the district surveyor, Mr. V. J. Blake, made a connection of the triangulation system
with the observatory, pendulum pier and magnetic station, as shown on the accom-
panying sketch (Fig. 14).

The country about the station is open and hilly. Much of the ground is covered
with ti-tree scrub, and in the valleys the tree fern, cabbage tree and the kauri pine are
found. Near the sea-coast on rocky exposures scattered pohutukawas, or Christmas
trees, with their beautiful, large, red flowers and glossy leaves are seen. The English
name of the tree was given because it flowers at that season.

The rocks observed were strongly impregnated with iron.

AUSTRALIAN LONGITUDES.

Former Values.

Australia.

The transit of Venus in 1874 gave an impetus to the determination of longitudes.
Some of these longitudes were determined by means of the telegraphic submarine
cables, while others were dependent upon absolute methods,—~moon culminations and
occultations.

To the latter belonged Sydney. Consequent to the German Venus expedition to
the Auckland islands, Dr. A. Auwers recomputed the voluminous data (mostly [rom
Mr. Tebbutt and Mr. Russell) on hand for the longitude of Sydney, through whic1 he
laid the fundamental meridian for Australia.

This gives the longitude of Sydney as 10® 04™- 498-60.*

* Astron. Nach. No. 2086.
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In the joint report }+ of the government astronomers, Ellery, Todd and Russell we
read: ‘ Some time prior to the transit of Venus, in December, 1882, we severally re-
ceived communications from the President of the Royal Society, London, relative to
the telegraphic determination of the longitude of Australian observatories, which in-
volved, as a first step, the telegraphic determination of the difference of longitude
between Port Darwin and Singapore . . . . . . Singapore being the initial point of
these determinations, the actual longitude of Port Darwin and hence all Australian
longitudes would depend on the accuracy of the assumed longitude of Singapore, which
has twice been telegraphically determined—first, in 1871, by Dr. Oudemans, of Batavia,
and Mr. Pogson, of Madras, and more recently, in 1882, by Commander Green, United
States Hydrographic Department. For reasons given in the appendix, we agreed, after
full considerdtion, to acecept Commander Greer’s position of Flagstaff at Fort Can-
ning, viz., 68 55™- 23%50. Reducing this to Captain Darwin’s observing station +1%-51,
makes the longitude of Captain Darwin’s transit instrument 6 55 25%-01. The
difference of longitude, Port Darwin-Singapore, determined by Captain Darwin and
Mr. Baracchi, is 1* 47™ 57848, making the longititde of Port Darwin 82 43®- 222-49 E,
of Greenwich.’

The station at Port Darwin was marked by a masonry pillar 4x2x 2 feet, upon
which the transit stood, and is the origin of Australian longitudes.

By means of the telegraph lines Port Darwin, Adelaide, Melbourne and Sydney
were connected in longitude, and similarly by cable Melbourne with Hobart, and
Sydney with Wellington, New Zealand. It must be remembered that up to this time
in most cases, when the cable was used for the exchange and comparison of clock
signals, the small deflecting mirror, throwing a beam of light on a secale, indicated
the arrival of the signal impulse. This visual manifestation had then to be recorded
in time, either by the ‘eye and ear’ method or by tapping a key in circuit with a
chronometer and chronograph. Comparison of chronometers over a cable by this
means has not nor cannot have that accuracy obtained in more recent times by the
exclusive use of the Thomson (Lord XKelvin) siphon recorder, to be described later. In
the Bombay-Aden-Suez, 1877 longitude, the siphon was used.

In order to estimate the yalue of Australian longitudes it is necessary to examine
the assumed position of Singapore upon which those longitudes rest.

Myr. P. Baracchi, who was the observer at Port Darwin, and is now Government
Astronomer, at Melbourne, for Victoria, presented a paper on ‘ The most Probable
Value and Error of Australian Longitudes’ to the Australasian Association for the
Advancement of Science, at the meeting in Brisbane in 1895.

Mr. Baracchi has expended much labour in compiling from so many sources the
required data, and has put the results in such compact form, that I avail myself in
reproducing the greater part of it here. He always gives the ‘ mean error’ instead
of the  probable error’ as is customary in our work, The former is readily converted
to the latter by simply multiplying it by -675.

He writes:—I shall therefore commence at the beginning, viz., the prime meri-
dian. The values of intervals, as given in Appendix, Table 1, will be referred to by
the letters respectively attached to them.

Longitude of Alexandria—Six different values—viz., (@), (b), (¢), (d), (e) and }
(f+f,)—may be combined, giving three values for this longitude, two of which are
quite independent.

(a) Greenwich-Mokattam.—This was determined by exchange of galvanic sig-
nals between Greenwich and Portheurno; Porthcurno and Alexandria (by joining the
five lengths of cable, Porthcurno, Vigo, Lisbon, Gibralter, Malta, Alexandria); and
finally, between Alexandria and Mokattam. Time observations were made with transit
instruments at Greenwich, Alexandria, and Mokattam, but those at Alexandria were
not used for this interval. The observers were Mr. Criswick at Greenwich, Mr. Ellia

s

+ Report of the Telegraphic Determination of Ausiralian Longitudes—Melbourne, 1886.
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at Portheurno, Mr. S. Hunter at Alexandria, and Capt. C. Orde Brown, R.A., at
Mokattam. Transits were recorded by eye and ear at these two latter places. All
galvanic signals were sent by hand, and observed by eye and ear. The operations were
executed in November, 1874, on the four nights, 14th, 15th, 21st and 22nd. The per-
sonal equation in observing transits between Mr. Criswick and Capt. Brown was deter-
mined before and after the longitude operations, and varied from 0°:025 sec. to 0°655
sec,—(8) page 288.

(b) Alexandria-Mokattam.—(8) On the same four nights, November 14, 15, 21
- and 22, Mr. Hunter, at Alexandria, made transit observations with a portable transit
instrument, in addition to exchange of signals with Mokattam. His station, which
was on the roof of the Hotel de 'Europe, does not seem to have offered the necessary
stability for delicate work.. Dr. GiHl remarks of this station—(7) page 68— The ob-
server had to abstain from movement during each complete observatiom, otherwise the
level was disturbed by the change of his position.” The personal equation of the two
observers was determined after their return to England. At Alexandria the chrono-
meter had to be carried to the telegraph office for exchange of signals, which was at a
distance of about five minutes’ walk.

(¢) Greenwich-Berlin.—Result of several determinations—(9) page 490.

(d) Berlin-Malta.—Observers: At Malta, Dr. Low, chief of the German expedi-
tion of the Transit of Venus, 1874, to Mauritius; at Berlin, the astronomers of the
observatory, Drs. Becker, Auwers and Knorre. Dr. Low made time observations with
-a portable transit instrument, recording by the eye and ear. (alvanic signals ex-
changed by hand on six nights in 1875, March 10, 11, 12, 13, 14 and 15. Parsonal
equation well determined. Signals satisfactory—(9) page 860-393.

(e) Malﬁa.-Alexandria.—Observers: Dr. Low at Malta, Dr. Gill at Alexandria,
same station as Mr. Hunter’s. . Gill made his time determinations with an alt-
azimuth. Operations repeated on the nights of March 10, 11, 12, 13 and 14 (1875).
Personal equation of these observers well determined.

The chronometers had to be carried to the telegraph station for exchange of sig-
nals, as in the case of (b)—(9) page 306-320.

() Berlin-Alezandria.—Direet measurement made on February 28, March 6, 7,
10, 12, 13 and 14 (1875). Personal equations of the observers, known through Dr.
Low; the observers being Dr. Gill at Alexandria, and the astronomers of the observa-
tory at Berlin. This value was deduced by Dr. Copelarrd. It is remarked in (9)
that the signals were unsatisfactory, and the combination of the two intervals (d) and
(e) was adopted in preference of the direct value—(9) page 820-348.

(f,) Berlin-Alexzandrics.—Same operations as in (f). Value deduced by Dr.
Auwers—(7) page 60.

The three values for the longitude of Alexandria 2re:—

h. m, sec.
By the combination (a)~(d).. 1 59 33-69
(&)+(D)+(e). . 1 59 83-827
(e)+3 [(f)+(f)] 1 59 33750
The following values were adopted, viz..—
(9) Page 491—
By Dr. Copeland. ... 1 59™ 332-807 ) Mean error.
(7) Page 60— I mean 1% 59 33846 3= 05078 I,
By Dr. Auwers.. .. 1 59m 333-885

(8) Page 830—
By British Transit of Venus Expedition. 18 59m. 335-69 = 0°-156 II.
The values I. and II. of the longitude of Alexandria are independent. Their
difference is 0156 seconds.
(g) Alezandria-Suez—Observers: Dr. Low at Suez, Dr. Gill at Alexandria.
Instruments for time determination, same as already stated above. (Galvanic signals
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exchanged on five nights, viz., 1875, Februery 19, 20, 23, 24 and 25. Signals sent by
hand; observations made by eye and ear. At both stations the echronometers had to be
camed for some distance to exchange signals. Result computed by Dr. Copeland—
(9) page 492. ‘

(9) Alewandria-Suez—Same operations as in (g). Result deduced by Dr.
Auwers—(7) page 60.

(k) Mokattam-Suez.—Observers: Mr. Hunter at Suez, Captain Brown at Mo-
kattam. The instruments used by these observers have already been referred to in
(a) and (b). The signals were sent by hand, and the observations made by eye and
ear. Operations repeated on four nights, viz., 1874, December 4, 5, 7 and 14. The
station used by Mr. Hunter was not the same as Dr. Low’s station. The former
appears to have given trouble on account of its.instability. It is remarked by Mr.
Hunter—(8) page 333—The only defect arose from the looseness of the soil, causing
the level readings to vary a good deal’ The same complaint is also made by the
officers of the Great Trigonometrical Survey of India, who used this station in 1877,
nz., that their observations may be somewhat vitiated by the unsteadiness of thein
irstruments, due to looseness of the soil—(12) page 45a.

(s.) Dxﬂerence of longitude between Dr. Low’s and Mr. Hunter’s stations at
Buez.

This was determined by Dr. Gill by tirthe observations made by himself with
Dr. Léw’s transit instrument mounted at one station, and with his altazimuth mounted
at the other station, and by transportation of nine chronometers to and fro. The value
thus found was 0-32 seconds—(9) page 262-266.

(¢) The same interval as (2), determined by a traverse under the direction of
Claptain (now Colonel) Campbell, R.E.; its value was found to be Q025 seconds—
(9) page 491 and (11) Appendix to Part II., page 109. The discordance between the
two above values is 0-295 seconds. This may be probably accounted for, or at least
partly, by the length and complex character of Dr. Gill’s operations, when compared
with a simple traverse; and also by the circumstance remarked in (9) page 262, that
‘ these operations required seven and a-half hours of continuous observing, involving
great fatigue.’

We have thus the two following independent values for the interval Alexandria-
Suez, reduced to Hunter’s station, by adopting value (4,), viz.:—

bh. m. sec sec.
i{(g)+(gl)}-+m‘ Gttt ve e e e O 10 89-025+=0-082
B)+(h). . Vo oee me wv vs se we we 0 10 89+481 203180

which differ by 0 456*"-
.The value for Alexandria-Suez, deduced from the two above, weighted in terms
of their respective mean error, is—
h. m. sec. see.
Interval Alexandria-Suez.. .. .. .. 0 10 39-120==0-073...1II1

(k) Suez-Aden.—Observers: Dr. Low at Suez, Dr. Gill at Aden. Time observ-
ations at Aden were made with some difficulty; in fact, ¢ opportunities for observing
were few and unsatisfactory —(9) page 5. At Aden, the distance between the observ-
ing station and the telegraph office where signals were sent and received was nearly
two miles. The operations were very limited, and the result depends on time observa-
tions of the single night of January 81, and on the exchange of galvanic signals on
the two nights of January 80 and 81. This result was computed by Dr. Copeland—
(9) pages 196-227.

(k) Suez-Aden.—Same operations as in (k). Result given by Dr. Auwers—(7)
page 61,

(%,) Suez-Aden—Obgervers: Captain (now Colonel) Campbell, R.E., at Suez;
Captam (now Colonel) Heaviside, R.E., at Aden. Station at Suez the same as Mr.
Hunter’s. Station at Aden, a few yards north of the cable offices at Telegraph Bay.
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These officers aimed at the highest refinement possible, and had at their disposal the .
necessary equipment and conveniences wherewith to attain their purpose—(11), Part
I, Chapter I. Their transit instruments were of similar dimensions and workmanship
(8” object glass, with eollimators, and means of levelling by mercury reflection, &ec.).
They recorded observations by chronograph. Galvanic signals were always exchanged
directly between the stations, being sent by hand, and simultaneously recorded on both
chronographs. Their operations were repeated on the six nights of 1877, May 25, 26,
27, 28, 29, and 80, giving very accordant results. Their personal equation was deter-
mined on four nights in April, 1877; and although it was not redetermined after the
expedition, no serious consequences may be feared on that account. The observers them-
selves are confident that it remained fairly constant—(11), Part L., page 34. On the
other hand, if their usual mode of observing was lisble to sudden changes of con-
siderable magnitude (of waich there is no evidence), a redetermination after the
expedition would have given very little help in finding the actual changes that tock
place at Suez and Aden. The only disadvantage in this measurement is to be attri-
lla)uted to the unsteadiness of the station at Suez, as already pointed out in (h)—(11),
art 11,

(1) Difference of longitude between Dr. Gill’s and Captain Heaviside’s station at
Aden.

This was determined by a careful triangulation, made under the direction of
Captain Heaviside—(11) App., Part IT.

We have, then, for the interval Suez-Aden reduced to Mr. Hunter’s station at
Suez, and Captain Heaviside’s at Aden—

h. m. 8ecC. sec.
;{(k)+(k1)} =l .. .. .. .o .. .. 0 49 42-839=0-120
(ky) .. 0 49 42-662-x=0-060

The dxﬁerence between these two mdependent resulis is 0177 sec. Combining
them according to their mean errors, we have—
h. m, sec. soc.

Suez-Aden.. .. ........ 0 49 42-697=0-054 .. ........IV.

The longitude qf Aden, reduced to Captain Heaviside’s longitude station, may
now be derived by combining the several values shown in the foregoing, in the manner
adopted by Dr. Gill—(7) pp. 60-62—omitting the value given for Alexandria-Mokat~
tam, viz, ;—

By the British Transit of Venus Expedition of 1874, and the officers of the
G. T. 8. of India.

h, m. sec. sec,
) U GO 2 05 06-240 ==0-098
R)o. oo o o L o s o .. 0 05 06°931%=0-103
i) s s mmsmn me 4w e .. 0 49 42-662-=0-060
Al are, S5 salh s 2 59 5583830154
By Lord Lindsay’s Expedltlon of 1874 and Dr. Low.
] Qi e .1 59 83-846-—+0-078
% { g) + (g1 } oy 3B B . 0 10 39-000 ==0-082
3 { k)+(k,)} ok . 0 49 437420120
)] 5 S w e e —0 00 00-877T+0-
B.. - . 2 59 55-711-=+0-165
A.. .. .. .. .. .. .. 2 59 55'833+0-154
B.. .. .. ... .. ..., 2 B9 55711=-0-165
Longitude of Aden (Capt. Heaviside’s sta.) 2 59 55776 ==0-113
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Dr. Gill considered the mean errors of the two values A and B as equal, and adopt-
ed for the definitive longitude of Aden 3 (A+B) (7) p. 62, viz.:—

Aden E. of Greenwich 2B 59™ 558-772 == 0-079% (should be 0-076% %)

(m) Aden-Bombay—Observer: Dr. Gill at Aden (Gill’s station). The opera-
tions at Bombay were conducted under the direction of Mr. C. Chambers, Superinten-
dent of the Colaba Observatory. Time at Bombay was determined by a transit instru-
ment 5 feet focal length., Records made by chronograph. Time signals gent by hand,
and observed by eye and ear at both stations. These operations took place in 1875,
on 3ist January, concurrently with the determination Suez-Aden by Drs. Gill and
Low; the time observations of this single night being all that could be secured at
Aden. The personal equation between the observers not determined—(9) pages 182-
195,

(m,) Aden-Bombay.—Observers: Captain Campbell at Aden, and Captain
Heaviside at Bombay. This measurement was made with the same instruments and
methods described in (%, ). The station at Aden was the same as that occupied by
Captain Heaviside in determining the interval (%,). That at Bombay was 0-134%c
east of the Colaba Observatory transit instrument. The operations were repeated on
nine nights in 1877—April 80, May 1, 2, 8, 4, 5, 7, 8, and 9—giving accordant
results.

The two values (m) and (m,) are quite independent. The former is based on
observations and conditions not altogether satisfactory (as we have seen), with very
limited time and great disadvantages, and involving the unknown element of the
personal equation of the observers. The latter value (m,) is the result of elaborate
operations extending over a period of nine nights, and made under the best possible
conditions; yet these two results differ only by 0-03%e

(n) Bombay—Difference of longitude between Captain Heaviside’s station and
the transit instrument of the Colaba Observatory. This was determined by a traverse
mesasured under the direction of Captain Heaviside (11).

(o) Bombay-Madras.—Observers: Captains Campbell and Heaviside. Station
at Bombay the same as that used for the interval (m,). That at Madras was 65 feet
due north of the transit cirele of the Madras Government Observatory. This interval,
though not determined directly, is certainly as well ascertained as any other—(11),
Part 1.

Its value is deduced from the telegraphic measurement of the difference of longi-
tude of nine Indian arcs joining the six stations—Bombay, Bolarum, Bellary, Man-
galore, Vizagapatam, Madras; the most direct route being Bombay-Bellary-Madras.
(See diagram in (11) Part I, page 16.) The operations were executed by these
officers in 1875-76-77 through the land lines, using the same instruments as mentioned
in (%k,). Time signals were exchanged automatically, and simultaneously recorded
at the two stations. Every possible precaution was taken to guard against error,
systematic or accidental, and the work generally was carried out with a completeness
that leaves nothing to be desired. The result for this interval is shown in (11) Pre-
face to, Part 1., page (xviii.).

We are now enabled to deduce the longitude of Madras; but before doing so, I
shall mention and consider another set of totally independent operations, which must
be regarded as a powerful check upon all others hitherto discussed—viz., the deter-
mination of the longitude of Madras, via Ispahan-Kurrachee. Indeed, if it were not
for the very limited and somewhat incomplete observations at Kurrachee, and the
undetermined personal equation of the observers at Ispahan and Madras, this chain
would bhe entitled to much greater weight than the one via Suez-Aden-Bombay, because
it connects Madras with Greenwich in four steps including only five stations, three of
which are fixed national observatories, in addition to having the interval Kurrachee-
Madras measured twice independently. I regret that, with the exception of the opera-
tions at Madras and Kurrachee, the details of the observations are not at hand; the
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results given here being taken from General Addison’s paper—(10) page 83, and (13)
pages 47, 54, 81. The actually measured intervals are as follow:—

(p) Berlin-Ispahan.—Observers: The astronomers of the Berlin Observatory,
at Berlin; and Dr. Fritsch, chief of German Transit of Venus Expedition in Persia
(1874), at Ispahan. The operations were repeated on eight nights—viz,, November
16, 17, 18, 19, 20, 21, 28 and 27.

(a) Ispahan-Kurrachee—Observers: Dr. Fritsch at Ispahan, and General T.
Addison, O.B., at Kurrachee. General Addison observed for time with a portable ‘tran-
sit instrument, and recorded his observations as well as galvanic signals by ehrono-
graph. Signals were exchanged on December 11 and 12, 1874, Personal equation
between the observers not determined—(10) page 83.

(r) EKurrachee-Madras—General Addison at Kurrachee, and Mr. Norman Pog-
son, Government Astronomer, at Madras. Galvanic signals were exchanged on one
night only—viz., December 13. The time at Kurrachee depends on the observation of
three stars. Results given by General Addison—(10) page 83.

(r) Kurrachee-Madras—Same operations as in (r); wvalue deduced by M.
Pogson—(13) pages 47, 54, 81.

(r,) Kurrachee-Madras—This interval was determined indirectly through Bom-
bay and Bellary and other Indian ares by Captains Campbell and Heaviside in their
usual excellent manner, a$ already spoken of. The operations were executed in 1880-81.

(8) Difference of longitude between General Addison’s and Captain Campbell’s
station. The position of the former was 0°:6%¢ east of the station ‘used in the Great
Trigonometrical Survey at that place’—(10) page 84. The position of the latter is
descrited in (11) Part I., page 252, as being 61 feet north, and 152 feet =17 -65=
0-11%¢¢ west of the ‘ Telegraph Office Station,” which is a point ‘on the eastern ter-
race of jhe upper story of the block of dwelling quarters standing in the angle be-
tween Macleod road and Telegraph road, marked by a cirele and dot engraved on the
floor of the terrace, and connected with the Hill Stations A and Mutrani of the
@. T. 8. Tt seems, therefore, that the ¢ Telegraph Office Station’ is the oné referred
to by General Addison as being 0-6%® west of his observatory.

We may now compare the three values (r), (r), (#,) of the interval Kurrachee-
Madras, reducing them all to the Telegraph Office Statmn of the Great Trigonomefrical
Survey.

sec, h. m. sec.
(r) + 060=0 53 06-82
(r) + 060=0 53 06-45
(r,) - 0:11=0 52 55-61

The two values () and(r,) are derived from the same few and simple observations
of a single night. Their difference is 0-837% and has not been accounted for by the
astronomers concerned. The value (r,,) is 11-21%¢ smaller than (r), and 10-84%° gmall-
er than (r,). This large error was pointed out in (6), page 31. No doubt some cleri-
cal mistake occurred srmewhere, or the position of General Addison’s station may be
misunderstood ; but to assume that this is a clerical error of ten seconds so as to make
it a round number, as Mr. Pogson proposes—(13) page 81-—seems arbitrary. It is
strange that in all these years we have never heard an explanation of this matter.

The longitude of Madras is thus arrived at by two routes, as follows:—

Via Suez-Aden-Bombay.

h. m. sec. see.
Longitude of Aden (Gﬂl) . 2 B9 B5772-+0-113
Aden-Bombay (m,).. .1 51 19-973 20056
Bombay-Madras (o). . . 0 29 43-530==0-058
Longitude of Madras, VI.. .. 5 20 59-:275==0-139
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Via Ispahan-Kurrachee.

h. m. sec.

(D R e AL e e A R e o

(p).. i e vl SRR R S 8 D e By TR

(7).. TG B S o L T T P )

%{(r) & (r,)} 3l 8 e b 0 58 U EA0NE
Longitude of Madras.. .. .. .. .. .. 5 20 59-430...VIL

. It would appear from result VII. that the error at Kurrachee vanishes in the sum
of the two intervals Yspahan-Kurrachee and Madras-Kurrachee; in which case the
results VI. and VII. compare very well indeed, considering that the unknown personal
equation (Fritsch-Pogson) is involved in VII. I think, however, that this latter value
may not be used for any further purposes at present. It would be difficult to do pro-
per justice to it, even if favourable assumptions were made, which is always a danger-
ous course.

(t) Madras-Singapore—Observers: Dr. J. A. C. Oudemans, Surveyor-General of
Java, at Singapore; Mr. Pogson, at Madras. This measurement was made in July,
1871, by the exchange of galvanic signals, through the cable, on the evenings-of 24th,
25th, 26th and 28th. Mr, Pogson observed with the transit circle of the observatory
and clock, but had to earry a mean time chronometer to the cable offices for exchange
of signals at a distance of four miles. Dr. Oudemans made his time determinations
on the 24th by observing zenith distances of two stars with a universal instrument.
On the 25th and following dates the observations were made with a ‘broken transit
instrument >—viz., one of the form in which the eyepiece is at one end of phe hori-
zontal axis. He also had to carry his chronometer to the cable offices for exchange
of signals at a distance of three-quarters of a mile. Observations at both stations were
made by eye and ear, no chronographs being used. The personal equation of the obser-
vers was not determined—(18) page 11, and (15) page 69. The point to which
Dr. Oudemans referred his longitude was the position of the flagstaff on Fort Oanmng
in 1871—see (15) page 69, and (14) page 211.

This result was deduced by Dr. Oudemans—(14) page 214.

(t,) Madras-S8ingapore—Same operations as in (£). Result given by Mr. Pog-
son—(13) pages 11-24.

(t,) Madres-Singapore—This determination was made by Lieut. Commander
C. M. Davis, U.S.N., at Madras, and Lieut. John A, Norris, U.S.N., at Singapore,
in 1882; the operations being repeated on the five nights of January 20, 21, 23, 26, and
27. These officers made their time observations with the so-called broken transit
instruments,” which offer the great advantage that the observer remains in the same
position during observations of stars at all altitudes—a condition greatly favouring
the constancy of personal equation. They exchanged galvanic signals directly from
their huts, thus avoiding the danger of having their chronometer rates accidentally
disturbed, and errors of comparison. They had chronographs upon which their obser-
vations were recorded, and their personal equation was continuously tested by ¢ abso-
lute personal equation instruments,’ each observer being provided with onme. This
equation, however, was not introduced in the results, on account of its being always
very small, and probably no greater than its possible variations, Cable signals were
observed by reflecting galvanometers. The observers were especially well trained for
that class of work, having made together many longitude determinations in various
parts of the world. Their plans were all prearranged and methodically carried out,
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and the excellence of their results is shown in the agreement of values deduced from
each night’s observations. The discrepancy between the values () and (Z,) is 0-71
seconds, and that between (#,) and (£,) is 0-51 seconds. The Australian astronomers,
in their report—(6) page 31—adopted the value ({,), which course, considering the
circumstances surrounding the two determinations of this interval, was no doubt the
best.

(u) Singapore to Port Darwin—This interval was determined in 1883, the obser-
vers being Qaptain (now Major) L. Darwin, R.E., at Singapore, and myself at Port
Darwin. Captain Darwin made his time observations with the transit instrument
previously used by the British Expedition of the Transit of Venus in New Zealand
in 1882, and I observed with an excellent portable transit instrument (8% inches object
glass). The observations were recorded by chronograph. Galvanie signals were ex-
changed directly between the stations, sent by hand, and observed by reflecting gal-
vanometer at each receiving observatory. Our personal equation was determined be-
fore the undertsking at Melbourne, and experiments were made at Melbourne and
Sydney to test our mode of observing and transmitting signals. Three different
methods were used in exchanging signals, in accordance with a plan proposed by
Oaptain Darwin, which was strictly adhered to throughout. This plan is described in
(8) page 26. The operations were repeated on the mights of February 13, 14, 15, 22,
23, 25, and 26.

The two cable lengths Singapore-Banjoewangie and Banjoewangie to Port Dar-
win were joined; and the signals, though passing through a distance of over 2,000
miles, were satisfactory when the circuit was good. On some occasions they appeared
unsteady; but the greater attention then required in observing them seemed to com-
pensate for their inferior guality, as the individual results show.

(v) Difference of longitude between the flagstaff on Fort Canning (position of
1871) and Lieut. Norris’ station at Singapore in 1882. This latter is the same as that
occupied by Captain L. Darwin in 1883. This value is given in (15) page 68, and was
determined by measurement by Lieut. Norris. The flagstaff was west of Lieut. Norris’
station. My station at Port Darwin was on the ground of the Eastern Extension
Telegraph Company, 56 feet N. 40-22° E. of the veranda post at the northeast corner
of the eable officer’s quarters. It was marked by a masonry pillar 4 x2x 2 feet, upon
which the transit instrument stood. This point is now the origin of the Australian
longitudes (86).

(w) Singapore-Banjoewangie—Observers: Captain Darwin at Singapore, and
Captain H. Helb of the general staff, Batavia, at Banjoewangie. Captain Helb made
his time determinations by observing zenith distances with a portable universal instru-
ment. Galvanic signals were exchanged on February 17, 18, 19, 21, and 23, 1883. The
personal equation between the observers was not determined—(6) page 29.

(w,) Banjoewangie to Port Darwin.—This interval was determined by Captain
Helb and myself. Signals were exchanged on four nights—viz., January 28, Febru-
ary 1, 22, and 23, 1883. Personal equation between the observers not known.

These operations were arranged at the request of the Dutch Government in order
to verify the longitudes of Batavia. We were glad to have Captain Helb’s co-operation,
as it was not certain whether the direct signals between Singapore and Australia would
be good enough for the purpose, and also as a check to our work. Captain Helb short-
ly after sent all his observations in detail over to Melbourne, where they were found
in every respect excellent.

The two values (w) and (w,) offer a partly independent value of the interval Port
Darwin to Singapore, although the Banjoewangie longitude itself remains affected
by the unknown personal equation of H. D. and B. The difference between the direct
value (u) and the indirect one (w) + (w,) is as follows, viz.:—
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h. ‘m, sec. gec.
NIRRT ST IR N . 0 42 06-78==0-076
(A0 s Tor i e Bl . 1 05 50°84-+0-091

1 47 57-62
Personal equation (D.B.).. .. .. .. .. .. -02

h, m. sec. sec.
Singapore to Port Ddrwin (indirect).. 1 47 57-60==0-119 } Difference
Singapore to Port Darwin (direct) (u) 1 47 5748+ 0-046 } 0 -19%c

These combined in terms of their mean errors give:—
Singapore (Captain Darwin’s station)—
h.  m. sec. sec.

Port Darwin.. .. .. .. 1 47 57490045 .. .. .. ..VIIL

The longitude of Port Darwin may now be deduced, viz.:—
h., m. sec. sec.
Longitude of Madras (VL).. .. .. .. .. 5 20 5927540139
Madras to Singapore (£,).. .. .. .. ., .. 1 34 24-07 ==0-040
IR R e 1:51 ==
Singapore to Port Darwin (VIIL).. .. .. 1 47 57-49 ==0-048

o

Longitude of Port Darwin (IX.).. .. .. 43 22-34 —+0-152

(z) Port Darwin to Adelaide.—Observers: Mr. (now Sir Charles) Todd at
Adelaide, and myself at Port Darwin. The observations at Adelaide were made with
the transit instrument of the observatory. The exchange of galvanic signals here con-
sisted in sending clock-beats to each other auntomatically (generally two sets of two
minutes each), which were simultaneously recorded on the chronographs at the two
stations, the chronograph of the receiving station recording at the same time the
beats of its own clock. The personal equation between the observers was determined
on several oceagions through Mr. E. J. White, then Chief Assistant at the Melbourne
Observatory, and direetly in Melbourne. The operations were repeated on six nights—
viz., February 14, 15, 22, 23, and 26, and March 2, 1883—(6) page 22.

(y) Melbourne-Adelaide—The operations for this interval were carried out at
the two observatories under the direction of their respective government astronomers,
Mr. Ellery and Mr. Todd. The observations were made by the latter at Adelaide,
and by Mr. E. J. White at Melbourne. Clock-beats (generally two sets of two minutes
each) were exchanged, and simultaneously recorded on the chronograph of both sta-
tions, &e., as in the case of the interval (z), Port Darwin to Adelaide. Personal equa-
tion between Messrs, Todd and White was determined several times. Comparisons
made on five nights—viz., February 15, 17, 23, 26, and March 2' (1883).

(%) Port Darwin to Melbourne—Observers: Mr. E. J. White at Melbourne, and
myself at Port Darwin, The operations were exactly similar to those described in the
two preceding intervals, Time signals were exchanged on four nights—viz., February
15, 28, 26, and March 2 (1883), the individual results being very fairly accordant.
The personal equation between the observers was determined before and after the
expedition—(6) page 22.

The value (#,) ought to be equivalent to the sum of (z) and (¥).

We have, in fact—

h. m. sec. sec,
Adelaide to Port Darwin (%).. .. .. .. .. 0 80 B7-80==0-041
Melbourne to Adelaide ().. .. .. .. .. .. 0 25 33:84-+0050
Melbourne to Port Darwin, indirect.. .. .. 0 56 3164
Melbourne to Port Darwin (z,), direct.. .. 0 56 31:66=t0-044
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(2) Sydney-Melbourne.—This interval was measured five times by direct con-
nection of the observatories between the years 1861 and 1884. The operations consist-
ed, as ususl, in the automatic exchange of clock-beats, producing chronographic re-
cords at the two observatories, and in time determinations made with the transit
circles of these institutions, the whole under the direction of the respective govern-
ment astronomers. An indirect determination was made in 1868 through the longi-
tude station at the western boundary of Viectoria, of which more hereafter.

The last indirect measurement took place in 1887, through Mr. John Tebbutt,
private observatory at Windsor, New South Wales. Mr. Tebbutt made his time deter-
minations with a small transit instrument; sent his signals by hand from the local
telegraph office, which is at a distance of ¢ ¢ ) miles from his observatory, using a mean
time chroriometer, and observing the incoming signals by coincidence of beat. His
operations were conducted with great care, and gave very satisfactory results.

The astronomers at Melbourne give great weight to the value of 1861, and to those
of May and August, 1884. The mean of the five independent values is 24™ 55 -408%
The mean of the last two is 24 55-395%>, and that of 1861 is 24™ 55-38%c The
value 24™ Bb-40°c was adopted in (6) page 24 as the most probable. We may now
conclude the longitudes of the three principal observatories east of Greenwich on the
evidence of the telegraphic method alone, as follows, viz.:—

h. m. sec. sec.
Longitude of Port Darwin, IX.. .. 8 43 22:34-+=0-152
Port Darwin to Adelaide Observatory (w) 0 30 B57-80==0-041
Longitude of Adelaide Observatory, X.. 9 14 20-14+=0-157
Melbourne-Adelaide (y).. e .. 0 25 383-84+0-050
Longitude of Melboume Observatory ..... 9 39 b53-98=+0°-165
Longitude of Port Darwin, IX.. .. .. 8 43 22-34+0-152
Melbourne to Port Darwin (z,).. 0 56 31-65--0-044
Longitude of Melbourne Obaervatory, XI 9 39 53-99=0-158

Sydney-Melbourne (2)..

v 24 b55-40==0-091
Longitude of Sydney Observatory, XII. L |

04 49-39+0-182

oo

Probable amount of Uncertainty of the Australian Longitudes.

It remains now to be seen with what degree of confidence the given results may be
taken.

The theoretical errors attached to the longitudes of Adelaide, Melbourne and Syd-
ney, found above, are respectively —t=0-157%¢¢, —=0-158%¢ and —=0-182%% Tt has
already been stated that these errors represent only that part of the probable uncer-
tainty due to the disagreement of separate results of the same measure derived from
each night’s work, when compared with their mean value. It would appear then that
the really and purely accidental errors incurred in each single night of the period
upon which a longitude result depends are fairly measured by the theoretical errors;
or, if this measure is not quite satisfactory, is at least the best that can be obtained.
But there may be involved systematic errors common to all the nights of that period,
some of which are beyond the reach of investigation, and others that might possibly
be discovered only by delicate and continued experiments in fixed institutions, but not
in the temporarily arranged longitude observatories.

Altered personal equations at each new place of observation, instrumental changes,
flexure, physical peculiarities of the localities, and many other known and unknown
causes may bring in systematic errors mnot easily discovered. The theoretical error
has no concern in these matters, and gives no help. It is when new instruments and
new observers are employed in different years, so as to make the redeterminations
entirely independent, that the existence of these systematic errors is revealed, if the
results do not agree. But even then it is difficult, if not sometimes impossible, to

25b—5
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locate them. There are, besides, inaccuracies the causes of which are traceable, such
as unsteadiness of stations, imperfect adjustment of electric instruments, changeable
strength of circuits, level imperfections, unfavourable conditions such as having te
carry time pieces to a distance, and others; but their effect can only be made evident
by new measurements.

Every determination of differential longitude, however short the interval may be,
is weakened by at least some of the causes here enumerated.

Admitting consummate skill in the great majority of the observers concerned, we
may then look at the conditions under which this long longitude chain, Greenwich-Aus-
tralia was developed, in order to see where its deficiency in strength is more especially
to be feared.

There appears to be at first a natural division at Aden. The three ihtervals on
the western portion were all measured twice, the results giving, as we have seen, the
following discordances :—

1 sec.

Greenwich-Alexandria., .. .. .. .. .. .. 0-158
Alexandria-Suez.. .. .. .. .. .. .. .. .. 0°-456
SuersAden: s A S e e T

Indeed, remembering the circumstances, these differences seem very small. Yet,
although the aggregate error in the Aden longitude may not be more than one-fifth
of their sum, it would not be unreasonable to suspect that it may amount to half a
second of time or even more, for the unsteadiness of the stations at Alexandria and
Suez and the great variations in the personal equation of the observer at Mokattam are
serious matters.

The operations east of Aden all along to Australia were decidedly made under
better conditions and with more complete equipments, and, unlike the others (which
were only chiefly made for the purposes of the observations of the Transit of Venus),
they were intended for the establishment of fundamental longitudes.

The portion from Aden to Madras depends on the elaborate and refined Operatlons
of the officers of the Great Trigonometrical Survey of India, of which the interval
Aden-Bombay, with its two independent and extremely accordant values, obtained under
such uneven share of advantages, offers a remarkable instance of how a good result
is sometimes found where we might be justified by the nature of the case in giving it
but little weight.

From Bombay to Madras the telegraphic results, though in every respect highly
trustworthy, are not corroborated by any other entirely independent telegraphic deter-
mination. It appears also that the geodetic value of this interval, derived from the
principal triangulation, is 127:29 = 0-819%% in excess of the telegraphic value, the
difference being partly attributed to local attractions—(11) Preface, page xviii.

Up to this point we have another test for the whole of the operations in the longi-
tude chain via Berlin-Ispahan-Kurrachee, and but for the doubts attached to the
Kurrachee station this test would be invaluable.

We have now the determinations Madras-Singapore of 1871 and 1882. It is not
unfair to assume the superiority of the latter value. The chief weakness of the earlier
one arises, perhaps, in the carriage of the chronometers to considerable distances for
the exchange of signals, and in the unknown personal equation of the observers.
There is a difference of more than half a second of time between the two results, and
it is not quite certain, though most probable, that the whole of this error is attribut-
able to the observations of Dr. Qudemans and Mr. Pogson. The interval Singapore to
Port Darwin depends solely on one set of operations—viz., those of 1883. I can only
say that the observers felt satisfied about the quality of their work; but still the
receiving of galvanic signals by observing the sudden motion of a beam of light not
always regular or well defined, involves greater uncertainty than transit observations,
and may be subject to comparatively large variations in its amount. The result is
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partly checked by the two separate intervals formed by the intervention of Banjoe-
wangie, but is not corroborated by entirely independent operations. The difference
between the direct and indirect result is 0-12%¢ 0

There remain now the Australian operations. In the two intervals Port Darwin
to Adelaide and Port Darwin to Melbourne, the unknown error of the results rests
almost entirely on the time determinations at Port Darwin, as the exchange of signals
was entirely automatie, and transit observations at the fixed observatories involve very
little uncertainty.

The various measurements of the interval Sydney-Melbourne, as we have repeat-
edly. observed in these pages, range from 24™ 55-10%% to 24™ 55+81%°%, which may give
Teason to suspect some unknown disturbing cause interfering with this kind of work.
Fortunately, fresh determinations may be frequently repeated without inconvenience,
and I believe it is the intention of the government astronomers of these colonies to
make arrangements for that purpose.

We have, finally, the boundary longitudes.

Here an error of more than half a second of time was disposed of in what was
thought the only possible way under the circumstances; but it does not by any
means clear the doubts attached to the discrepancies produced by the operations of
1868.

These are the principal facts upon which an opinion is to be formed as to the
amount of uncertainty inherent to the adopted results.

I think that the longitudes of the Australian observatories may be accepted as
true only within one second of time.

Possible Improvements of the Adopted Values.

No doubt, even with the present means of astronomical science, the Australian
longitudes could be strengthened by a new determination of the longitude of Aden,
as recommended by Dr. Gill, and of the interval Ispahan-Kurrachee. The import-
ance of these operations could not be overrated, and it is to be hoped that they will
be undertaken at the first opportunity. i

25b—53
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ArrENDIX—TaBLE 1.

Iif]f:: D]ﬁf,?"ce puw%mfieun - Description of Int rval
Totter Longitude. iy for which the Difference of Jongitucde is given.
h. m. sec sec. |
{a) 2 05 06240 | + 0°098 lGrreeuw1'ch—Mol'xa.t;t:mn (Cairo).
® 0 05 32550 [ +°0122 ;Alexandria (Hunter’s station) to Mokattam.
(e 0 653 34865 [.connnenn. Greenwich-Berlin (Transit Circle).
(d 0 04 28316 | 4 0°058 Berlin-Malta. y
{e 1 01 30°646 | - 0°030 [Malta-Alexandria.
(l‘ 1 06 38750 | 3= 0078 Berlin-Alexandria. Dr. Copeland’s value.
fr 1 056 59020 | -+~ 0°'078 |Berlin-Alexandria. Dr. Auwers’ value.
(#) 0 10 38923 | 4+ 0°082 Alexls.ngria. g.lunter’s station) to Suez (Ldw’s station). Dr. Cope-
and’s value.
(g1) 0 10 39078 | - 0°082 {Alexandria (Hunter’s station) to Suez (Low’s station) Dr.
Auwers’ value.
(h; 0 05 06931 | + 0°103 [Mokattam—Suez (Hunter’s station).
(i 0 060 000320 |.... ...... Suez (Hunter’s station, east of Low’s station) to Dr. Gill's deter-
mination. i
(%4) 0 00 00025 |. . « ...|Suez (Hunter’s station, exst of Low's station) to Captain Camp-
bell’s traverse meeaurement.
(k) 0 49 43750 | 4 0°120 [Suez (IL'dw's station) to Aden (Gill’s station). Dr. Copeland’s
value.
(k,) 0 49 43733 | 4= 0°120 [Suez (Liw’s station) to Aden (Gill’s station). Dr. Auwers’ value.
(%,4) 0 49 42662 | - 0°060 |Suez (Hunter’s station) to Aden (Heaviside’s station).
) 0 00 00°877 | 4= O Aden (Gill’s station, east of Heaviside’s station).
{m) 1 51 18940 | 4 O Aden (Gill;s station) to Bombay (Chamber’s station, Colaba Obser-
: vatory).
(m,) 1 561 19978 | 4~ 0°056 |Aden (Heaviside’s station) to Bombay (Heaviside’s station).
{ ; 0 00 00°134 (... .... ...-|Bombay,to Captain Heaviside's station (east of the Colaba Obser-
vatory Transit Instrument or Chamber’s station).
(o) 0 29 43530 | 4= 0'058 Bomgp,yl ( )Heaviside’s station) to Madras (Observatory Transit
ircle).
() 2 33 05440 | + Berlin-Ispahan. ¥
(q) 1 01 13090 | = Ispahan- Kurrachee (Addison’s station).
(r} 0 53 06°220 | 4 Kurta(l;bee—Madras {Addison and Pogson). General Addison’s
value.
(ry) 0 53 05850 | Kurrachee-Madras (Addison and Pogson). Mr. Pogson’s value.
(r11) 0 52 55720 Kurrachee (Captain Campbell’s station) to Madras Observatory.
Determination by the officers of the G.T.S. 5
(8) 0 00 000710 | 4 Kurrachee (Campbell’s longitude station, west of Addison’s station).
() 1 34 23885 | ‘Madras (Observatory) to Singapore (flag staff on Fort Canning,
1871). Prof. Oudemans’ value. .
(t1) 1 34 23560 | 4 Madras (Observatory) to Singapore {flag staff on Fort Canning,
. 1871). Mr. Pogson’s value. ) -
(¢1,) 1 34 24070 | - 0°'040 |Madras {Observatory) to Singapore (Lieut. Norris’ station).
(u; 1 47 57.480 | = 0°046 (Singapore (Lieut. Norris’ and Captain Darwin’s station) to Port
Darwin {Baracchi’s station). ;
{») 0 00 01°510 |..,.... .... (Lient. Norris’ station is the same as Captain Darwin’s station).
(Darwin’s station, eastof flag staff on Fort Canning, 1871).
() 0 42 06°780 | + 0°076 |Singapore (Darwin's station) to Banjoewangie (Capt. Helb's).
() 1 05 50°840 | 3= 0°091 Banjoewangie (Helb’s station) to Port Darwin (Baracchi’s station).
(ms 0 30 57°800 | o= 0°041 |Port Darwin (Baracchi’s station) to Adelaide (Observatory).
(¥) 0 25 33'840 | 4+ 0°050 |Melbourne (Observatory) to Adelaide (Observa.torﬁ.
() 0 36 31660 | <+ 0'044 [Port Darwin (Baracchi’s station) to Melbourne (Observatory).
z) 0 24 55400 | o= 0°091 Sydney (Observatory) to Melbourne (Observatory).

I1.—List of Works Consulted.

(1) Report on the Determination of Differences of Longitude in the West Indies
and Central America. By Lieut.-Commander F. M. Green, U.S.N.

(2) Smithsonian Contributions to Knowledge, No. 223, vol. 16.

(8) Astronomische Nachrichten, No. 2636.

(4) United States Coast Survey Report. App. 18. A
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(5) Royal Astronomical Society, vol. 51. ‘

(6) Report on the Telegraphic Determination of Australian Longitudes, via
Singapore, Banjoewangie, and Port Darwin.

(7) Annals of the Cape Observatory, vol. i, Part II. (Dr. Gill.)

(8) Account of Observations of the Transit of Venus of 1874. (Edited by Sir
George Airy.)

(9) Dunecht Observatory Publications, vol iii. (By the Earl of Crawford and
Balcarres.)

(10) Royal Astronomical Society, vol. 88. (General T. Addison, C.B.)

(11) Account of the Operations of the Great Trigonometrical Survey of India,
vol. ix. (General J. T. Walker, C.B,, R.ts,, F.R.S,, &c.)

(12) Report of the Great Trigonemetrical Survey of India for 1876-77.

(13) Telegraphic Determinations of the Difference of Longitude between Karachi,
&c., and the Government Observatory, Madras. (By Norman Pogson, C.LE., FR.A.B,,
&ec., Government Astronomer.)

(14) Astronomische Nachrichten, No. 2486. (Prof. J. A. C. Oudemans.)

(15) Telegraphic Determination of Longitudes in Japan, China, &e. (By Lieut.
Commanders F. M. Green and C. H. Davis and Lieut. J. A. Norris, U.8.N.)

(16) Royal Astronomical Society, vol xlviii. (By John Tebbutt, F.R.A.8., &ec.)

(1) Report on the Determination of the Boundary Line of Colonies of South
Australia and New South Wales. (By Charles Todd, F.R.A.S., Observer and Super-
intendent of Telegraphs, South Australia, 14th December, 1868.)

Since Mr. Baracchi compiled the preceding, a fresh determination, Greenwich-
Madras via Potsdam, has been made (1894-96) by Capt. Burrard and Capt. Conyngham,
and still later (1903) a re-determination of Greenwich-Potsdam; whereby the preced-
ing suffers a small correction so as to bring Capt. Burrard’s value for Potsdam in
accord with that of Professor Albrecht. From the recently published details of Profes-
sors Albrecht and Wanach’s work, it would appear that we now have a practically
absolute value for the difference of longitude Greenwich-Potsdam, and hence Berlin,
that will not suffer material correction.

The meridian of Madras is the one of reference for the Great Trigonometrical
Survey of Indis, and on its position the one of Singapore rests.

For over a century observations have been taken, from time to time to determine
the longitude of Madras. In 1891 the survey of India had not adopted the then best
value, so that at the International Geographic Congress held at Berne in that year the
question arose, why the known error in longitude of 2’ 30” was not corrected on the
Indian maps and charts. This gave rise to a discussion in India and the whole longi-
tude work was reviewed, with the result that a determination de novo was decided
upon, earrying the work directly from Greenwich via Potsdam, Teheran, Bushire and
Karachi, where connection was made with the three arcs of the Great Trigonometrical
Survey between Karachi and Madras. This is the work referred to above and carried
out in 1894-96.

In Volume xvii.,, Appendix No. 2—Great Trigonometrical Survey of India, 1901,
Major S. G. Burrard R.E., tabulates the various independent values of Madras into
Series A, B, 0, D and E.

Series A leads via Pulkowa to Vladivostock, with thirteen links, carried out by
the Russian general staff, and thence by officers of the U. S. navy via Shanghai, Hong
Kong, St. James, Singapore to Madras.

Series B was obtained in connection with the German Transit of Venus expedi-
!‘.io::d of 1874 and 1882, but owing to some serious error at Karachi, its value is re-
Jected.

Series C gives the results of the most recent (1894-96) determination and the de-
tails are given in Capt. Burrard’s report. The value for Madras of this series, cor-
rected for Dr. Albrecht’s value of Potsdam will be used for deducing Singapore. The
differertce between this new value for Singapore and the one adopted in the Singapore-
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Port Darwin determination will be applied to the present value of Sydney, Brisbans,
;nd Wellington for comparison with the Canadian longitudes brought across the
acific.

Series D.—This leads via Berlin, Malta, Alexandria, Suez, Aden, Bombay and
Bellary to Madras.

Mr. (now Sir) David Gill, who was one of the observers on this series, writes in
volume I. of the Annsals of the Cape Observatory: ‘In the case of Lord Lindsay’s
Expedition (i.e. of Series D.) the observations lay no claim to high refinement. They
were made throughout in the open air, with small portable instruments, which in the
case of Alexandria were placed on the roof of a hotel, where the observer had to
sbstain from movement during each complete observation, otherwise the level was
disturbed by the change of his position. At Aden and Alexandria the chronometers
had to be carried a long distance between the observing station and the telegraph
office. The observers were without personal assistance and the crucial observations
for time had often to be made under conditions of extreme fatigne, amounting on
one or two occasions nearly to exhaustion on the part of the observer engaged. In faet
the character of the work was only such as it was possible to organize and execute en
route, and the results fully realised the accuracy expected from them.

Series E. This leads from Greenwich to Mokattam (Cairo) and thence to Suez
and Madras as in Series D.

This series, too, Sir David Gill considers wanting in that refinement essential for
fundamental longitudes.

The result of the five series of operations, Capt. Burrard tabulates as follows:—

Longitude of Madras. Probable Error.

. h, m. sec. sec.
Series Al ag oo, oettdd W 4w 5 20 59-750 =155
S S IR CE T ey o | 59-010 —+=-163
(Bl 5 g v Bis ited 59137 4022
P S gsh s e 59-233 ==-127
E 59421 =+ -123

On the first link Greenwich-Potsdam of Series C, there is a check by another
determination.

The adopted value of Berlin, as given in the Berliner Jahrbuch, up to 1903 is
OB 53m: 34-910%c

Berlin-Potsdam, 1™ 18:721%%¢, Astron. Geod. Arbeiten in 1891, Longitude
Potsdam, 0 59 16189 By Series C, 0 52™ 15-953%*, Vol. xvii. p. 208 G. T. S.
India. Or -284%c less than the German value.

The value of Potsdam of Series C, 0% 522 15-953%¢ ig the mean of the two values
O 52m. 15-623%c and O 52% 16-283%C, obtained by exchange of stations by the obser-
vers Capt. Burrard and Capt. Conyngham. This gives a difference of -660%" be-
tween the two resulfs, and the personal equation is half, or -330%®, a quantity larger
than had been obtained by direct observation therefor both at Greenwich and in India.

In 1903 a re-determination of Greenwich-Potsdam was carried out by Dr.
Albrecht and Mr. Wanach. Stations were exchanged and the observations made with
a Repsold registering micrometer. The whole work was carried out with so high a
degree, of refinement, that it is not probable that the work will ever require revision
or repetition. #

From the above 1903 determination, we have Potsdam 0P 527 16-051%> == -003%c
p.e* or '098%c more than that of series C, and :188%° less than the former German
value.

New Zealand.

In volume 35 of the Transactions of the New Zealand Institute, Mr. T. King,
observer at Wellington, gives a full account of the various determinations made for

* P, 77. No. 16 Veroftentlichung des K. Preussischen Geodiitischen Instituts.
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the longitude of a prime meridian for New Zealand. This meridian, passing through
the former Mount Cook observatory, is the one to which the surveys of New Zealand
are referred. It may be remarked that the observatory was not on or near the well-
known Mount Cook of the South or Middle island, but in Wellington on a site now
occupied by prison buildings.

The longitude hitherto adopted for that meridian is 112 39™ 09 -92%°, derived from
moon culminations, 1869-71. In 1876 a telegraphic difference of longitude was obtain-
ed between Sydney and Wellington by Messrs. Russell and Stock. However, as the
accurate longitude of Sydney was at that time in doubt, no definitive meridian for New
Zealand resulted from the 1876 work.

In 1883, as already noted, Sydney was connected with Greenwich by a chain of
telegraphieally connected stations enfering Australia at Port Darwin, and the result-
ing longitude was 10" 04™ 49-54sec}

In the same year Messrs. Russell and Adams connected Sydney with Wellington
(Mount Cook station), obtaining a difference of longitude 1t 34™ 16 -983see- = -020%c-
(A very full and interesting account of this good work is given by Mr. C. W.. Adams
in the report on the surveys of New Zealand for the years.1883-84.)

- This gave for the longitude of Mount Cook Initial Station, 11 39m- (6 -52sec-

This value ig less than the hitherto accepted value by 3:40%%, or 51 seconds of arc.

By triangulation a connection has been made between the Mount Cook station and
the present observatory, both in Wellington. The latter was found east of the former
1:21%c g0 that the longitude of the present Wellington Observatory, is 11* 39=
05 315 east of Greenwich.

This value is based on:—

1883, Wellington-Sydney. Adams and Russell.
1883-84, Sydney-Melbourne-Port Darwin. Ellery, Todd, Russell, Baracchi.
1883, Port Darwin-Singapore. Baraechi, Capt. Darwin.

Ag Singapore is dependent upon Madras, whose longitude has already been dis-
cussed, all New Zealand longitudes, by accepting the last quoted longitude for Welling-
ton, will be affected by any change in the value of Madras. Although the 1883 value
for Mount Cook initial station was at the time considered definitive, yet its value has
not for a period of twenty years thereafter, been introduced on the Admiralty Charts
(except on No. 1423) nor on the maps of New Zealend. This was due to the great
labour involved in changing the engraved plates. &

Mzr. T. King in his report,* writes: ‘I understand, however, that the Surveyor
General purposes taking advantage of an intended reissue of the Department maps to
revize the longitudes on the basis of Mr. Russell’s and Mr. Adams’ determination.’

The chsnge of longitude by the 8-40%>, will shift the topography relative to the
‘meridians about three quarters of a mile to the west.

LATITUDE.

For the differential longitude determinations, the value for the latitude enters
only for computation of the star factors, and was not required to be of such aceuracy
as in geodetic computations.

Vancouven—The value used was that of former years, this station having been
occupied at various times for longitudes in British Columbia :—

$=40° 17 487

Fanning Island—Mr. Werry observed here 29 pairs of stars between the 19th
April and 11th May, 1908, Talcott’s method, and obtained the value:—

$=+3° B4 877532015

t Report on the Telegraphic Determination of Australian Longitudes.—Melbourne, 1886.
* Trans. New Zealand Institute Vol. 85, p. 446.
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Suva, Fiji—Between June 27 and July 27, 1903, Dr. Klotz obtained here 28 pairs
of stars from which the latitude was found to be:—

¢=-18° 08" 45" :02=="014. %

Norfolk Island.—Mr. Werry observed here 28 pairs of stars between Sept. 17 and
23, 1903, and obtained the value:—

$=—29° 00 28”7-91=+" -014.
Southport, Queensland.—The transit instrument not being available for latitude
work on account of the broken micrometer thread, several observations for latitude

were taken by the method of observing pairs of stars at eastern and western elong-

ation respectively, with a 6-inch transit theodolite, kindly loaned by Mr. A. A. Spowers,
Chief Surveyor, Brisbane.

The mean value of three pairs was:—
$=—21° 58 53".

Brisbane.—The position of the observatory, where the observations were taken is
(given in the Nautical Almanac) :—

¢ =-27° 28 0070,
Sydney—The }osition of the observatory, where the observations were taken is
(given in the Nautical Almanac) :—
¢ =-283° 51" 41”1,

Wellington.—The position of the observatory, where the observations were taken
is:—

p=—41° 16’ 4771,

Doubtless Bay—The observatory here was connected, through the courtesy of
the Surveyor General, J. W. A, Marchant, by Mr. Vincent J. Blake, Government
Surveyor, with Station 20 of the triangulation system, spread over the North Island.

The latitude of Station 20, based on initial Station Mt. Cook at Wellington, was
furnished by the Surveyor General under date November 11, 1902, as—

$=—34° 58 5871
Applying it to Mr. Blake’s survey we have:—

Station 20—A.. .. «. s0 v e he on . - 227 -87
Station. Aew ww v ovm 5b ol s ey e — 84° BY 20797
Station A—Observatory.. .. .. .. .. .. - 1707

Observatory.. .. «c vv vo ve v0 on oo o - 34° 59 22704
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The following is an abstract of the transit observations at the various stations:—

TRANSIT OBSERVATIONS.

Station: VANCOUVER. Date, April 10th, 1903. Observer : Orr0 KLOTZ.
i : :
Transit 'g‘? ! .g f'; ‘s ‘gg
< Star. over mean of| ° 3 #| 2 k- S | =g R. A g v
g threads. |528| 2 | 8 g §E §'3
o Rl R = 2 B
g 3 :3 3 é < | > 6
h. m. s 8, 8. s rzs__' 08| & h. m, =& 8. 8.
W 924 1777 ~ 80 +°35| +-28( 04|10 17-41| 9 23 2231 -55°10 -0
LR e 201401 -17| - 03| 404 —-03(—-02| 13°80] = 28 1879  -01|- 09
142, 411788 —-13| —-04| +-04| 02 —-02{ 17°71| 40 22'59| -1+ 02
PR i 47 17-76( ~ 08| —~-08| +-03| —-0L(~-01/'17°6L 46 22'58  '03|-"07
Y. s 56 0242/ — 10/ —-06 +-03|  -00{~-02] 0227| B5 0711 16|+ 06
145....... 10 02 59°87| ~ 12| - 05 4°03) 00 02| 59°71| 10 02 04'56  -15{+°05
Wds....... .. . 1012 1505 24 —-04| —-04f +-01--02/ 1472 1119'68 0408
| i 17 30:65| 32 —-02 —-04| +-02--02( 9027| 16 35°16  -11+°01
2. ... 23 14°10 - 30| - 02 04| +-02|—-02( 1374| 2218'56] 18+ 08
A 34 ot 27 51-85| — 91| 418/ —-14| +.-03|- 06| 50-45| 26 55°36] 09| 0l
. . s 41 25°80( ~-27| —'08 —-04| +04—-02| 25:48| 40 30'37| 11/ 01
432, : 45 06-90| — 20 -—'06‘ --03] +°04--02/ 0663 44 11'55] 08|02
{

a=-094 o=+%033
Chronometer correction at 100 00 = — 55098 4-* 012
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Date, April 15th, 1908.

+2:007
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DEPARTMENT OF THE INTERIOR
TRANSIT OBSERVATIONS.

Station : VANCOUVER.

"
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TRANSIT OBSERVATIONS.

%

Station : VANCOUVER. Date, 4pril 16th, 19083. Observer: Orro Krorz.
4% : g
- g 2 53
Transit |g:~ i £ Sl 2 E
; Star. overmeanof| @ 3| & ‘5 ~ | = R. A. v.
oy threads. |~ 22{ 2 K 35 48 ] é (&
2 28 2 |5 | 4 14|38 £
o ki <18 | =& B 3}
h. m, s, 8. s, -9 r=i“ﬂﬁ‘ 8. h.m. & 8. 8
O 10 27 41-11| - 15| -°26] +°12 — 95|~ 96| 40°71| 10 26 5498 —45°73(+ 02
L e el B 41 16°02] — '05( 4 "05{ +'03 - 08— -02 16°00 40 30°30 *70; - 01
LT R e 44 b7- ~-08] +°09] +°03 — 08| - 02| 57°16 44 11°49 ‘67| - 04
1o et e W 48 40°90{ - 05| +°04] +°03 — 02— -02{ 40°88 47 55 29 ‘59 — 12
434, ..~ .........| 11 00 4861 —-04]{ + 09 +-03 -0k - '02] 48°66/ 11 00 02 82 ‘844413
s S SO s, 05 00°53] - 06| + 02 +°04 00] — <02} 00°51 04 14°80 ‘T 00
W 159..... 14 02°39] —-21| 404 —--03 +01j—02{ 02'18 13 1648 '70: - -01
1L P iy Fhicy 16 55°82] — 14| +'09; 03 +01{--01) 55-74 16 10°15 -80| - 12
162..... s ily s 26 28- -~-39) —'14| - 08 + 03| — 06| 2758 256 41°87 ‘TH 00
A8 s LBl 4 32 46°85| — 12| +°10/ —-03 403 — 01| 46°82 32 0106 ‘76(+ 05
Lo R 44 54°65( - 13| + 08| — 03 + 04 -- 02| 5459 44 08°81 78]+ 07
a=+2138 ¢=+%028
Chronometer correction at 112 8=— — 45" 70842017
i L e 13 08 08-47| — ‘01 +°06 406 — 05| — 02| 08°51| 13 07 23'00[ —456'51|— 056
1) (R S 13 59°33 —01{ +-03{ +°07 —-04/—-02 59°36 13 13°84 52|~ 04
I T O 20 49°13) —01] — 03| +-09 — 03| - 03] 49°12 20 0361 *51l— 0B
S e TR 24 28-44| - 03| —-20| + 17 — 03| - " 05| 2830 23 4267 63!+ 07
454. ., .. S e n bk © 31 16°59f — 01| + 04| %06 - 02— 02| 15°64 80 30°11 53— 08
L R s 43 26°84] —01] + 08 + 05 ~01] - -02] 2693 42 41°35 58| 402
50 51°68 +°08| + 08 --05 00| — 02| 51°77 50 06-15 62/ + 08
57 30-40| + 06| + 10 ~-05 4 01]--01| 30°51 56 44°88 63407
02 33°67) +°20{ — 09| -~-12 + 02| - 03! 33°65| 14 01 48'27 +38/—-18
06 46°27| +°09| +-06] — 06 +02(~ 02| 4636 06 00°68 68+ 12
10 02°58) +°87) —-32 ~ 24 403~ 07} 02°35 09 16°73 62)+ 06
13 29°43; +°13] +-01| ~07 + 03]~ 02| 29-51 12 4397 54— 02
28 26°55| +°10| +'05| — 06 +°05] ~ 02| 26°67 27 41°11 *56{ 00
a=+139 e=—°050

Chronometer correction at 18" 48== — 45°' 5614017



76

Station ;: VANCOUVER.

DEPARTMENT OF THE INTERIOR

X

5-6 EDWARD ViIl., A. 1906

TRANSIT OBSERVATIONS.

Date, April 18th, 1903.

Observ.er: Orro Krorz.

Chronometer correction at

14b 28m = — 43% 3024010

4 g g
e S HE
Transit EE ; S .5 é 8 %g
Star. over mean of| * & 3| £ k] B leag R. A. g g| v
threads. |29 g iE 2 £ g § g
EoR| B = =2 2 &
Ki 2|38 & | <2 8
h. m. = 8. 8. 8. jr=+.03| s h. m. = 8. 8.
9 36 43-36] + 05| + 08| — 02 —02{—-02{ 43'43| 9 36 00°10{ —43-33{~ ‘07
41 05°76| +°06] + 06, — 03 - 02]- 02| 0581 40 2246 36— 05
47 59-92( + 06| + 05 — 03 — 02| - 02| 59 96 47 1659/ 87| - 03
55 5036 + 05| + 08| —-02 — 01— 02/ 50 44 35 07°01 43+ 03
11 26 25°30| -+:15{ - -13| — 06 +°03|— 05 25°24] 11 25 41°81 *43{+ 03
32 44°37| + 03| +°10{ —--02 4+ °03;— 01} 44°50 32 0105 45+ - 05
10 48 38°72/ ~ -06] + 04| +'03 +01|- "02| 38°72| 10 47 55° ‘44|14 04
52 59-831 — 25 —-80| +°08{ 4 -01|- 07 59°30 52 1598 32{- 08
56 45°30| — 12| ~-08] + 05 + 02 - 04| 45°15 56 01°67 481408
.| 11 QU 46-12] — 04| + -08| + 02 -+ 02! — 02| 46-18] 11 00 0280 <38 —:02
04 53°16/ — 08| +-01; + 03 + 02| - 02| 58-12 04 1478 34|- 06
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78 DEPARTMENT OF THE INTERIOR ix

5-6 EDWARD Vil., A. 1906

TRANSIT OBSERVATIONS.

Station: VANCOUVER. Date, April 23rd, 1903. Observer : Orro Krorz.
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ix . REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Siwion 2 VANCOUVER. Date, April 24th, 1903.

Observer : Orro K1LoTz.
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DEPARTMENT OF THE INTERIOR

TRANSIT OBSERVATIONS.

1x
5-6 EDWARD VIl,, A, 1906

Chronometer correction at 14b 37m= — 30%- 94345020
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Orro K1oTz.

Observer

Date, April 26th,"1903,

Station : VANCOUVER.
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E: DEPARTMENT OF THE INTERIOR ix

. 5-6 EDWARD Vil., A. 1906

TRANSIT OBSERVATIONS.

Station : FANNING ISLAND. Date, April 15th, 1903. Observer: F. W. O, WERRY.
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

Station ;: FANNING I8LAND.

TRANSIT OBSERVATIONS.
Date, April 16th, 1903,

Observer: ¥. W. O. WERRY.
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84 DEPARTMENT OF THE INTERIOR

X

5-6 EDWARD VII.,, A. 1806

TRANSIT OBSERVATIONS.
Date, April 18th, 1903.

]
Station :" FANNING ISLAND.

Ouserver : ¥. W. O. Wrary.
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Observer: F. W. O, WERRY.

Date, April 23rd, 1903,

Station : FANNING ISLAXD.
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DEPARTMENT OF THE INTERIOR

5-6 EDWARD ViIl., A. 1906

TRANSIT OBSERVATIONS,

Date, April 26th, 1903

Station : FANNING ISLAND.

Observer : F. W, O. WEREY.
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REPORT OF THE CHIEF ASTRONOMER

~

ix
SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Date, June 2nd, 1903, Observer : F. W, O. WERRY.

Station : FANNING ISLAND.
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DEPARTMENT OF THE INTERIOR

5-8 EDWARD VI, A. 1906

TRANSIT OBSERVATIONS.

Date, June 3rd, 1903. Observer : F. W. O. WxgRY.

Station : FanniNg ISLAND,
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ix REPORT OF THE CHIEF ASTRONOMER 89

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Station : FaxNzing IsLAND, Date, June 8th, 1903. Ghbserver: K., W, O. WERRY.
£ £ g
= p ] 33
R
Transit 'g: < .8 _g B g g
s Star. over meanof( “s 4| & = € =2g R. A 88 o
= threads. = 29| 2 B s Bl & ! g
g ‘ g 4 (3| § | 2|5 =
3] i 3 & < | @ &
h. m, s, 8. 8. 8. r___s_;_ 10l = h, m. s 8. 8.
130 o P S .| 13 50 10°01} +°02| - 10| 402 - 07| —"02{ 09-86| 13 50 06-08] —03°-78{—- 09
457, p b6 52°72| +°02| — 17| 402 - 06| — '02| 52°51 B6 48-70 81 - 06
C o R 14 06 04'80) +°03| - 15| +°02 ~ 04| — '02| 04°64| 14 05 60°65 99/ + 12
186.. ... et 11 01°97! +:03{ + 06| +'02 - 03| — 02| 02°03 10 58°13 -90|+ 03
L s U 12 48°09| +°03| — 36| +-02 —-03{—-03| 47°72 12 43°78 ‘944 07
RO4E” . .. * 36 16:26] + 03] — -08{ +°02 + 01| - 02| 16-22 36 12° 40 82— 05
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L2 SRR 58 23-92( — 01 —-29{ — 02 + 05/ - 02} 23'63 58 19°75 -88/ + 01
LA 15 00 23°64| - 01| — 17| — 02 + 05| — 03| 23°46| 16 00 19°67 79— 08
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i R L e 10 28-54 00| —-01| —-02 + 07| - 02| 2856 10 24-62 94|+ 07
O el v, I, 11 4212 00 —-22! —-02 +07) - 03] 41°92 11 37:86) 04°06/+°19
o? Libre.. ..... 17 43°75 ‘00| +°12{ --02 . +'08/—-02 43-91 17 40°07| 03°84|-°03
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Chronometer correction at 155 §0m= — 3¢ 70644018



e

5-6 EDWARD VIl,, A. 1906
Observer: F. W. O. WERRY.

Date, June 9th, 1903.

DEPARTMENT OF THE INTERIOR
TRANSIT OBSERVATIONS,

>

Station : FANNING ISLAND.
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 26b

TRANSIT OBSERVATIONS.

Station : FANNING ISLAND.

Date, June 10th, 1903.

91

Observer : F. W. O. WgrRY.
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F. W. O. WERRY.

.

5-6 EDWARD VII., A. 1906

Observer

+6%° 68912015

+2-039

[

Date, June 15th, 1903.

DEPARTMENT OF THE INTERIOR
TRANSIT OBSERVATIONS.

+1648

a=

Chronometer correction at 15t 10™

Station : FANNING ISLAND.
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ix REPORT OF THE CHIEF ASTRONOMER 93

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Station : FANNING ISLAND. Date, June 21st, 1903. Obgerver : F. W. O. WEzRRY.
8% g g
ur :' f 8 §.—-
Transit (&= -2 g B @
x Star. over mean of| ~ & ¥ = -3 £ |8 R. A. § g 2
& threads. = 25| % | § ! B g g
g soz| B | o 2L 33 g
< N
5 K| < |8 & | < 8
k. @ s 8. 8. 8 t=1,03 8. h. m. s 8. 8,
EHABE . ot 14 51 26°16] -+ 05 ~ 08| +°02 —ul{—-02] 26:12| 14 51 40°85) +14 73(+"
T e - 15 00 05°02| + 05| ~-20) + 02| —01|~-02{ 04'86] 15 00 19°59, 73+
06 29°57] +°05! +°18 302 — 01 --02) 29°73 06 4447 68+ *
10 09°63| 05| ~ 01| + 02 - 01| - 02| 0966 10 2459 ‘93—
11 23°21| +°05{ ~-26/ +°02 00| — 03] 22-99) 11 37°76 T+
17 24°99| +°05| 414 402 00| — 02} 25°18 17 40°06 88|~ -
20 37°30{ + 05| ~"30| +-02 00[ - "03( 37°04 20 6177 T34
22 35°01) + 06| + 16| + 02| -00| - .02] 3522 22 50-1 ‘88| — -
29 54°14{ +°02| +°14/ 02 -00] —02{ 5426 30 0892 66|+
34 08°44] +°03| — 34 —~'02 + 01| — 03| 0509 34 2292 83—~
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41 30°47) +°02; —-09] — 02 + 01| —-02| 30°37 41 45°17 80} ~ -
64 24°03| +°03] +-21] —-02 + 02| - 02| 24 25| 54 3904 7o -

a=+%434{ ¢=+2015
Chronometer correction at 16 20m = 41427924+ 017
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600. & imeea 31 50°03 + 07| + 14| +°03 + 02| — 02| 50-27 32 05°15 88 -~

a=-+%420- ¢=+2030
2 Chronometer correction at 164 40™ = +14%'8324-*-016



DEPARTMENT OF THE INTERIOR

5-6 EDWARD VII,, A. 1906

TRANSIT OBSERVATIONS.

Observer : F. W, O. WErRY.

Date, June 23rd, 1903.

Station : FaNNING ISLAND.
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ix REPORT OF THE CHIEF ASTRONOMER 95
SESSIONAL PAPER No. 25h
TRANSIT OBSERVATIONS.
Station : FANNING ISLAND. Date, June 24th, 1903. Observer : F. W. O. WEgzy.
&% g g
e, = " yE
Transit |82 .| . 2 BB s ¢
2 Star. over mean of| S ¢ £ & 3 2128 R. A g ’8" v,
B threads. |= 29, & g ; £1%8
g ica| § |5 | £ | B|8E £
& A < |38 8 | 2|3 o
8. 8. 8. Izs; -8 ® h. m. = 8. 8.
+°02] —-221 ~-09 4+ 04 —-02] 32°57} 156 23 62-07 +19'50{+ 03
+°02 ~-3b —*I1 + 03| - "03| (9°30 27 28°91 61~ 08
4°02] 4°14| ~'u8 4+ 03] — 02| 4948 30 08-91 43[4+ 10
+°02| —34 ~°11 + 02|~ ‘03] 0339 34 22°89 50| 403
+ 02| —-18| ~-09 4 02| - 02| 22-99 38 4259 60|~ 07
409 —- 409 100} — "02] 41°51 52 00°93 42| 411
+°09) +°18| +°09 ~ 01| - 02| 31°37 59 5092 55| - a2
+09 +°06/ 408 — 02— -02; 5892 16 09 18'57 *59| - 06
+°091 +°23| +°09 —03{ - 02| 013 15-20°92 58| - 05
+09) --12{ +-09 - 03— "02( 21-56 17 41°06 *50(+ 03
a=-+%430 o=+ 082
Chronometer correction at 15" 50™ = ++19*$5304-*'018
20 3949 + - — 09 +'14 +'05l.— ‘02 39:64] 16 20 59:11) +19°47)- ‘04
29 34°17) +- +°29] +°18 +:04 — 02| 3470 29 5413 431 -00
31 82°391 +- +°12| +°14 +°'04 —"02| 82°72 31 52°06 % 09
39 17-45] +- —+361 +°18 +-03,— 03} 17°34 39 3678 . ‘01
43 36°49| + 436 +°17 +:02 - 03] 37'08 43 56°'54 *46( - ‘03
47 23°09| +- -°10) +°15 +:02 - 02! 23-21 47 42°59 381+ 05
52 47°78| 4+ — 05} +°14 +'01|—'02 47°88 53 07-38 50| - -07
56 18-39| +- —-'26| —-16 +°01 —-02| 17°99 56 37°33 *84( 409
15 47°231 +- +°26| —1H =02 — 02| 47°32| 17 16 06°59 ‘27116
21 2667 +°03]- 00| —-14 = '03,— <02 2651 21 45°05 ‘54|11
30 09-56 +° -07] --14 — 04 02| 09-31 30 2873 “42i+ 01
31 45°6% + - + 16! - 15 —~"04 — 02} 45°66 32 05°18 52[~ 09
38 24°42| + ‘00 --14 —'Oﬁi— ‘03| 24-24 38 4377 ‘53| —-10
! /

a=+485 o=+*140
COhronomséter correction at 17% 00= = + 1924335017



96 DEPARTMENT OF THE INTERIOR ix

5-6 EDWARD Vil.,, A. 1906

TRANSIT OBSERVATIONS. i
Station: Suva. Date, June 8rd, 1903, Observer : OrT0 Krorz.
1 Gl x -
e , g 88
Transit |22 1 | 8 818 @ §
) Star. over meanof ~ @ 4| = p- 2|28 R. A. g & »
g threads, '§ 22 g g 8 ] 'g g g 8
« o8 - ,3
8 = g S g | <48 B
h. m.s. 8. 5. 8. rzs_‘ 15 & h.m.s |{m s | 8
E |8 Chame=leontis) 12 16 25-58] — 19/-1062) —~ 96 +:11}—-10; 13-82| 12 12 45-92/—3 27°90| - 02
08 Corvro-or v 28 2092 —-08/+ 10/ —-20 + 08| - 02| 20°80 24 52°88 '92( 00
p Virginis.... 40 27°45) —07|+1°16) —-19| - 4 -05/— ‘02| 2838 36 G0°46 ‘92| -00
3 Virginis. .., 46 2441} ~ 07|+ 90| —19 + 04— 02| 25°07 42 57°10 97|+ 05
31 Come. . .... 50 26°52| — 06|+1-85] —-21 + 03| — 02| 2811 46 60°3] ‘80 - 12
6 Virginis ... 54 12°39 - 07+ "90{ -19 + 02— 02| 13°63 50 45°11 ‘82| -00
e Virginis.....| 13 00 49-94) —07|4+1°19| —'19 00— 02| 50°85 57 22°94 ‘91—~ +01
17 09°59 — 17| - 21| +°20 ~ 04|~ 02/ 09-35| 13 13 41°45 90— 02
1¥ 40°28| ~ 19— 90| +-23 —04]— -02{ 3936 15 11-47 89! - 03
23 35°05| —-16/+ 31| +°19 - 05|~ 02| 3532 20 07°36 96|+ 04
33 1467 - 15|+ ‘T4 +°19 — 08}~ -02{ 1535 29 47°32 28:03{+ 11
37 1829 —21(-2-16| + ‘30 — 09/ - -03; 1610, 33 48°30 27:80(—-"12
40 01°37( —-16{+ -40{ +-19 —*10;—~ 02| 01-68 36 33:67 28-011+°09
46 07°89 —"14{+1°47| +°20 —*11]—"02] 09-29 42 41-33 27°96|+ 04

a= —2"376 c=—3%"188
Chronometer correction at 13b 1m= —3m 27s-92]4-5-013




ix REPORT OF THR CHIEF ASTRONOMER 97

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Station : Suva. Date, June 4th, 1903. Obvserver : Orro KrLorz.
a% «
e § €
T g e £3
Transit ,“,.ﬁ % . £ 8|% = °
J Star. over meanof|_ @ Z| & = & R.A. 8 3 v
B threads. {®=8| 2 g ; 2
> o g = - § gg
v ¢ & 3 2
3 3 4|38 & | <& o
h. m. s, 8, 8. 8, rz‘f.w 8. h.m. 8. | m s | s
E |e Virginis. .. .| 13 00 51°52 -- --21 + 10!~ 02| 53-88| 12 57 22-93| -3 30°95| ~ ‘06
9 Virginis. .... 08 27-89| - - 21 ++09]~ 02| 23-89( 13 04 57°87 31°02{+ 01
v Hydre.......| 17 13°06] - 99  +°06(—-02] (2'43] 13 41-44]  30-98/—-03
¢ Centauri..... 18 44°67) - —26 305~ 02| 42°53 15 11°46 3107+ 06
$ Virginis. .... 33 16°93 - - 21 4+°01/--02] 1825 29 47-31 3094/~ 07
e Centauri..... 37 24°30| - -33 00| - 03 19°39 33 48'28 31°11{+ 10
o Virginis, .. .. 46 04°03] — —-21 —01f— 02 04'63 36 3366 30°97/ - 04
W (= Bodgis ...... 46 09°17 +-22 --08|- -02! 12-44| 42 41°32] 3112+ 11
¢ Centauri..... 53 0707 +'30 — 05| - '03l 0379 49 3287 30-92( - 09
ir Virginis. ....| 14 00 14-20 +°21 —07)— 02! 16'02 56 44°98 31-04|+°03
* H e 04 25°35 +'23 —-08]- '02[ 24°73| 14 00 5374 30-99{ - 02
x Virginis, .... 11 16°10 +°21 - 10| —"02' 16°94 07 45°85) 31°09|+ 08
o Bodtis...... S 14 44°06 + 22 --10( - ()2‘| 4741 11 1643 30-98{ - 03
a=+5011 e=-*209
Chronometer correction at 13t 37m = —3m 31# 01445 014
W |8 Libre. . 15 15 20°36) +-03(+ 80| +°18)  +-18(—-02/ 21°48| 15 11 49-99/ -3 31-49|+ 13
¢ Libree.. 26 21°09) +-03|+ ‘16 +°19]  + 09--02) 2153  22'60'10 43(4-07
v Lapi. . ... 32 1785 +°03|-2'56( +'23|  +-08{— 03/ 15°60| 28 4437 23/ - 13
a Corone. ... 34 04'39| +°02|+397) +'20|  +:07|- 02| 0863 30 37'31 32|04
o Serpentis, .., 43 01'08| + 02(+2°11| +'18 <+ *06] — 02! 0342 39 3205 37)+ 01
n Serpentis. . . 48 06°12) +02|+141 +°18|  +08)- 02| 07°74) 44 36°24 50+ 14
B Triang. Aust. 50 20°18 +'64-7'73; + -39 + 03] - "04) 12°87 46 41°56 31} - 0B
E (0 Scorpii....... 58 10°82/ + 0%~ ‘40| —-19 + 01— 02| 10°31 54 3902 29 - -07
Bt Scorpil ..... 16 03 22°51 +-09{—~ -15{ —--19 -0l - 02| 2223 59 5087 36| 00
v? Norme..... 16 14°88) +-11|-4'07) — 28 —-03| - 03! 10°58; 16 12 39°'19, 39+ -03
v Herculis. .... 21 09-28| +-07(+3-26; — 19 - 06| — 02| 1234 17 41-05 29| - 07
o Scorpii... ... 27 03°17] + 04—~ 80| —*20 — 08l - -02{ 0216 23 30°90 26| - 10
A Ophiuchi . ... 29 33.83| +'08{+1°76| —-18 —~*08]—- 02| 85°39 26 04°01 38(+ 02
o Triang. Aust, 42 13°38| +°15/-10"75| — ‘49 —+12(- 06| 02°11 38 30°67 44|+ 08

a=-5022 e=—178
Chronometer correction at 16° 00m = —3m 81=361-+*°014
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Station : Suva.

DEPARTMENT OF THE INTERIOR

.

X
5-6 EDWARD Vil., A. 1906

TRANSIT OBSERVATIONS.

Date, June 9th, 1903. Obgerver : Orro Krorz,

’ % £ g
ey g ;|3 &
Transit |g Colae Blras wg
Star. over meanof| * @ &| § 2 B ,g'f‘ R. A, g 8 v.
g‘ threads. | 29 g 8 P g § § g
2 Zal = B
S 3°M 3|8 & | 2| &
m. 8 8 8. 8. ___'_;_' 19| & h. m. s 1. 8 8.
29 3471} +°06| + 75 — 34 +°09|— 04| 35° 12 25 50-20 -3 4503 +°06
33 04°73| +°06/ 4°06| — 21 +°08(—"02] 0470 29 19°71 44°99 +°02
40 45°83( +°06| — 82 —~°19 +07|— 02| 45-43 37 00-40 45'03 + 06
45 50°97) +°13} +-85 — 37 4+ 06| — 04 b1-60 42 06'70| 44-90,— 07
54 30°24] +-11| —-25| --19 + 04/ — 02| 29°93 50 45°06! 44°87 - 10
01 0823 + 12| — 33| ~°19 + 03|~ 02 07'§4 57 22-89 44'95 - 02
08 43-04) +°15| — 1) —-19] » 4 °01]-'02) 42 84| 13 04 57"83" 4501 + 01
ydre .. 17 26°05| 11| +-08| +'21 —--01/—~ 02| 26:42 13 41°40 45°02 + 05
irgini 93 52°21| +°10] — 11| +°19) —-02|--02] 52'35]. 20 07-32  45°03 + 06
V. 333236 +-10| - 27| +-19) -—-04(—-02 3232 29 47-28 4504 + 07
entauri. . 57 32 08 +°13) +°78 +°30| —-05--03 3391 334821 4500 + 03
. Vll'g;.;ls ..... 14 00 30°06] + 09 — 29| +-19 — 09| - 02| 29-94 56 44°95 44°99 402
T Hy T, ..., 04 3831 +-11} +-13| +-21 ~-10|—-02| 3864 14 00 5372 44:92 - 05
x Virginis. ... 11 30°74] +-10] — 13| +-19 -~ 12/~ -02{ 30'76 07 45°83 44-93 — 04
1
a=+v805  a,=+7668 c=-*190
Chronometer correction at 13" 14m= — 3m 445- 97145014
W (8 Libre .... 15 15 85°10f +11] - -12) +-14 +°19) - 02| 35-40| 156 11 50" 0N) -3 45-40|+ ‘01
{1 Libre ...... 26 35°25 +-11) —-02 +-14 +-17(— 02} 35°63 22 5011 "524-?'13
y Lupi........ 32 28°86/ + 14| + -39 +-18 + 16/ - 03| 29:70 28 44-39 31| - 08
3 Scorpii...... 16 0% 36°85] + 12| + 02| + 15 + 09 —-02) 36°21 59 50° 90 *31)- 08
4 Ophiuchi.... 13 03-79 +11 —-19 +°14 +°07{— 02| 0390 16 09 18-56 ‘34—~ 05
v2Norme . .... 16 23°66 +'14 4+ 63| +°21 + 07— "03| 24-68 12 39-24 441+ 05
E Scorpii_ ....... 17 30 50°00] +-41|+ -32( —-17 — 08| — 08| 5045/ 17 27 05°06 ‘39 -00
7 Pavonis..... 40 02°93] +-56+1-31) —-32 - 10/ - 05| 04°33 36 1895 ‘38| - 01
8 Ophiuchi... .. 42 29°33| +°30/— 30| —-14 - 10[ - 02| 2907 38 4360 411 402
« Herculis ... .. 46 2840 +-28'— ‘63| — 15 ~111 - 02] 27°77 42 42°38 39 00
89 Herculis .. .. 55 19°10 +'28|-— ‘60 — 15 ~+13{ - 02| 18-48 51 3310, *38 —-01
» Opbiuchi.... 57 29°69] + ‘35]— ‘12 --14 —-"14] - 02| 29:62 53 44°19 43+ 04
a=+*777 c=—* 140
Chronometer correction at 16" 50w = — 3w 452-39242-013
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Observer : Orro Krorz.

Date, June 10th, 1908.

Station: Suva.

: . 8288538 gs3383%z
¥ T C S S T B N B .
. RRRARZR JASAEOR
‘UOLPILI0P &
WPWOTONYY) | 4 4
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, BSBZAZY IBIANEE
<  RABLBLN BEOEHRY
o g AREISBRE TR2RIBS
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— BETRBAS 2BRESFT
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woguumeqy | , oS08 S8 838888
L) v 3-8 |t 1 f B N g
| BoSBZ888 IsEEERL
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W -
T Ry
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3 g8,
o mmmu
ESFE
: _wnaB
G|

e=—5198

+3:618
Chronometer correction at 13 Q0= —3m 47

a=

5011

88880 88F8R8
[ O | 141 141
BESIF ©B5B588
5
®
SB88E S8SRBA
IFRRR IHHR=S
RSLES H38IsH
X ]
SEEEY SE3ea%
/IHRL BXSRIS
88888 588888
s =02 | St T8 1 ¢
=5838 85882
++++4+ LT
RINRR RBSERS
4+ 4+ | I T T O I §
TR83 HBRAEF
o] (S B ST LT o D |
88558 RARIER
R e
BSESE GRREI5
RBRRY HRIXSS
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Bl s i
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Hat L
383 33dAEd
2% R musler

e=—5209

a=+%692

Chronometer correction at 15 13™

—8m 47% 56145020
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DEPARTMENT OF THE INTERIOR

100

5-6 EDWARD VI, A. 1906

TRANSIT OBSERVATIONS.

Observer: O11o KLoTz.

Date, June 11th, 1903.

Station : Suya.

. | ,ssesnss ssssss 35380z Zz883Ee
i e G R i o I s N | RS o e
“IEHEECE TENBSE I3 AT 88BN
“WOLIA9I00 L &a LTS L
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0 hodie - ©o
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— w_ NBTBRA BIBBR2D
"3100' 30 8pU0YLR BYTEHRY JIAEZRER & REBIRS SARIBZR
womeusqy | , HOSOSSS £38888 & | 28535 IEETSLT
S el R L mmu e P T T
ZR888833 BBRTAS | D HERBES 285IBEA
L P I T il e TR
§ ¢85
IREQ[II] VAIRAER 3 SHERRKR RITRIZ
Sm— LS L DR | TORERG BTanTe
I R | S et o o Mn e i s R D O 0 O O |
CERBECE8 IRABFES | o8 88853F LR-TBRS
apmE | LT T T TEaew Rl i
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o BREREEY 282255 | S 8 SHERSR SNEE5%89
o Eiriwnis SN B PP R | BERERE SRSREHS
mﬁ EL 19497 fRhdiate i Lt m +4+t++ A EFE++
5 | Ec0enk NgseAT | § | UEgssY GRRILES
mMm 7 HIBEHEB/E NIBR8] I HEBI[E KNKVSBRT
ESE | fem=gnee BSTHAR | O | 833388 39RI9RE
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2 - = - futiad —
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o P AR e s SR socr gE . BEE
4 B EEZ8s ZE58s54 gidgge SEPESESR
5 SEEECE: SECESC saisbs Boigs
SobEdEal dEdk SARERA CBeno0d
VR v L e EDea™ LRLVL, s suBho<t,
dump | M B 3 R
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a=
Chronometer correction at 15t 45%

— 8% 50 090+ 010
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

Station : Suva.

TRANSIT OBSERVATIONS.
Date, June 16th, 1903.

F

101

OQbserver : Orro KroTz

¢ &5 g
Transit |92 | . | .§ g8, i
. Star. over meanoﬂ._.';g & 3 2| 3F R. A. B v.
g threads. 858 § | 8 8 § £8 g
oo 8 'R a3 98
& 1] 4138 g | 98 5
h. m. s. 8. 8. 8. rzf'.m 8. h. m, 8. (m & 8.
E k Virginis. . 14 11 48-37( +-04{ - 08 ~ 17 +-05(—"02{ 48°19( 14 07 45°82/—4 02°37|- ‘09
@ Bodtis, . ..., 15 19-27| +-07)— '36| 18 +'06|—-02| 1883 11 16°35 ‘48] 402
f Boitis....... 26 0182 +°08'— ‘36| — 18 + 03] --02| 01°37 21 58°88 49|+ ' 03
p Bootis .. ... 31 44°25| +°07, — 60| ~-22 + 02| - 03| 4349 27T 4111 38|08
7 Centauri..... 33 26-55| +’10{+ ‘41| ~ 23 + 02 — 03| 26°82 29 24-40 ‘42| — 04
« Chreini. ..... 38 4714 + 18|+ 94 -39 + 01| — 05 4783, 34 45-34 49/4- 03
2 Boitis. . ... . 44 50°39| +°09|— ‘45! —-19 *00] — -02| 49°82 40 4728 54|+ 08
W la Libree. ...... 49 35°88] — 01— 02| +-17 —-01|--02| 35-99 45 3353 ‘46| 00
£ Libre. .. 55 8561 — 01|~ 07| +°17 —-02{ - 02! 3556 51 33°02 54|+’ 08
20 Libree ...... 15 02 28°83| —-01/+ ‘07| +°18 - 03|~ 02| 29:02 58 2665 *37|— 09
W Bodtis ....... 04 22'431 — 01|~ -4b} +°19 —-04|— 02| 22-10| 15 00 19°66 44|~ 02
Triang. Aust. 13 5845 - 02(+1'21| + 48 - *05{~ 06 60°01 09 5758 *43( - 03
Libree. ... . 16 52°56] — 01— "09] +°17 - 05| - 02| 5256 11 49-99 57|+ 11
a=+°560 =-~#170
Chronometer correction at 14 43m = — 4m (25 4615014
w a Serpentls 15 43 3477, +°03~ 28] +°20 + 08 - 02| 34'78| 15 39 32°07|—4 02'71}+°11
ntis. 48 38°86| + 03|~ 17| +°20 + 06— 02| 3896 4 3628 68+ 08
ﬁTm&ng‘ Aust 50 42°63{ + 05 + 95 +°'43 + -05{— 04| 44-07 46 41-57 50| — 10
gScrpentls. D 56 03-70| + 08|~ 36| + 20 + 04|~ "02| 03"59 52 00°95 64|+ 04
Scorpii....... 58 41°37| +°03[+ 05| +-21 + 04| — 02, 41°68 54 39-07, 61|+ °01
ﬁ‘Seorpn.. 03 53-35) + 03]+ "02) + 21 + 03[ - -02| 53 62 53 50°92 70|+ 10
4 Ophiuchi 13 21-09] +-03j~ 15 + 20 + 01~ ‘02 21°16| 16 09 18-61 55|~ 06
E |y Herculis. .. .. 21 44°09| +°26|~ 40| --21 ‘00— 02| 43°72 17 41°08 64 4+ 04
a Scorpii....... 27 33°33 +34(+ -10f —-22 ~ 01— 02| 33°52 23 30 53 - 07
a Tnang Aust. 42 32°29| +-54|4+1°32| —-H4 — 03] — '06| 33°52 38 30-82 *70(+ 10
€ Scorpii... ... 47 58°81) + 36|+ 20| --2¢ ~ 04| - 02| 59°07 43 5650 57|~ '08
« Ophiuchi..... 57 10°32| +-25|- 38| —-20 —~ 06| - '02} 09-91 53 0740 51| - 09
30 Ophiuchi....| 17 00 02°40| +°80(— -16| —°20 —~ 06| - '02] 02°26 bb 5973 ‘5g|— 07
a=+%617 e=~—0195

Chronometer correction at 16t 22m = — 4m (2060545 016



Observer : Orro Krors.

5-6 EDWARD Vil., A. 1908

Date, June 22nd, 1903.

DEPARTMENT OF THE INTERIOR
TRANSIT OBSERVATIONS.

Station : Suva.

102
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Chronometer correction at 14» 03m

a




ix REPORT OF THE CHIEF ASTRONOMER 103
SESSIONAL PAPER No. 25b
TRANSIT OBSERVATIONS. D
Station : Buva. Dste, June 24th, 1903. Observer ; Orro KroTz.
& |&% £ g
| ol g i E k5
.' Transit g% . 2 £y g
¢ Star. over meanof 7 #| 8 & Z | ng R. A. § u
g threads. —=z2| £ | £ : % %
4 e EEN Z (5| § |2)|3F :
B | 3 < | & g8 | <& 8
[ h. m. s. 8. 8. 8. L mj 8. h.m s |m 8 | 8
E 31€eme. .. .. 12 51 21°14 +-12{ — 50! —-21 ‘0N — 02 20°60; 12 46 50 04/—4 20°b0[+ 06
0 ¥irginis.... | 55 056 +14) ~"24 —19 ' 0537 50 4490 47|03
€ Vn'gmxs cvesl 13 01 4357 +-18] —-32) —-°19 —'02] 43°22 57 22° 7 ‘491— 01
8 Vi 09 18°34] 414 —-15] — 19 —02; 18-16| 13 04 b7 69 471 -03
4 Hydree...... 18 01°68] +-16{ 06 —"20 02— 02 0170 13 41°25 45(— 08
FBsniavis' . | 19 31°63| +°17{ +-24| —-23 02{--02 31°81] 15 1129 591+ 09
| Virginis ... 24 27° +°15] —-08) —"19 + 01 — 02 2767 20 07°18 49| - 01
W ¢ Virginis. . .. 34 07°77 -'01] -20| 419 i -'ﬁﬁl 07:72 29 47°16 BT+ 07
je Centauri . 38 07-68| -0l +-59| +. 30 - 021 — 03, 08 41 33 4T° ‘46| — 04
40 53-99| -~ 01| ~ 11 19 ‘02— 08 5402 36 33°52 ‘50 00
47 01°8%( — 01| ~"40; + 20 — 03 01°57 42 41°13 44! - 06
it 53 62°61) — 01 + 45| +'27 —-08{ 53'14 49 32°62 52|+ 02
7 Vi ms ve.- 14 01 0B 49} - 01 —-22) +°19 - 02{ 0537 56 4485 520+ 02
|1r Hydr - 05 18-85 — 01| +°10| +-21 —+02] 14°06] 14 00 5360 "46(— 04
G=+2643 ¢=-*187
Chronometer correction at 13b 282 — - 4m 205' 50144009
{
W (a Bodtis.... .. 14 15 3702 +°'03] ~ 33| 420 409 — 02| 36°99| 14 11 16-27|-4 20°72|+ 08
\f Bobtis...... 4 26 19°60] +°03] ~ 33| + 20| + 07| - 02| 19'55 21 568°81 74|+ 06
p Bootis. ..... 32 01'86| + 02| ~ - 54] + 24 +'06| - 03| 01'61 27 4102 69 - 10
o Circini ..... 39 04°56| +°05| + 85| + 44 + 04— -02{ 05-92, 34 45°19 731404
2 Bobitis. . .... 45 07°99) + 02| - 41 +-21 + 03— 02! 0782 40 47°21 ‘61— -08
« Libre. ... .. 49 53°98) + 03] —02) +°20 -!-'02 - 02! b4-19 45 33-49 *70) +-01
E E‘Li.braa e 56 6379 +°21| —-07| —-19 +°01| 02| 53°75 51 32°98 J76[+ 06
20Libre. . ... | 16 02 47°26] +°23| 4+ 07| —'21 00|~ ~02{ 47°33 58 2662 T1{4+02
¢ Boitis....... 04 40-81 +-17 — 41} --21 - 01|- 02| 49°33| 156 00 1960, 731404
¢ Libre. ...... 11 05°13] +°22| +°01] —-20 -02|--02) 05-12 06 4447 66| - - 04
B8 Libre. ...... 16 10-83] +-21| —-08] - 19 —03|~02) 10-72 11 49-96 76|+ 07
B Triang. Aust. bl 01°57| 4w 34| + 78 —-42 - 10|~ 04| 02°13| 46 41°53 *60{ -~ 09
a=+% 506 o= %189

Chronometer correction at 15% 00™ = — 4 204,691 *-018



104 DEPARTMENT OF THE INTERIOR ix
5-6 EDWARD Vil,, A. 1906
TRANSIT OBSERVATIONS.
Station : Suva. Date, June 25th, 1903. S Observer : Orro Krorz.
46 & i
3 g L B &
Transit |2 i 2 258 ?
Star. over mean of| © = #| & -] s | =g R. A g v
g‘ threads. |5 2.8 g E 8 £1E g g
g Ben £ 5| § | 2|58
(&} — &) é < |@® 6
h, m. 8. 8. 8, s r=s—.'12 5 I h. m.s. |m s 8,
13 34 10°27) +°07| - -14] — 16| 4 08| - 02/ 10°10) 13 29 47-14|-4 22°96|+ 01
38 10°63| +°10) 4+ "41] —‘26 + 07| - "03] 10'92 33 47°93 99+ 04
4G 56°54 +07! — 07| ~ 16 4+ 06| - -02| 56 42 36 33-51 ‘911— ‘04
47 04°50] +06] — 27| —'17 + 05/~ 02| 04-16 42 41-13 23021407
4 53 55°34| +°09 +°32] —'23 + 04|~ "03| 55°53 49 32°61 2292 — 03
= 14 01 08°03] +°07) — 15| —°16; = +-02|—-02| 07°79 56 4484 ‘95! 00
05 16-54) +-08) +-08) — 13 4+-01]—--02 16-°51] 14 00 53°59 92| - 03
W |k Virginis..... 12 0863 — 03, ~ 08! +-16 00{— *02( 0866 07 4572 ‘94 - 01
a Bootis....... 15 39-41| —--02] - 30| +°17 - 01| - -02| 3923 11 16-27 96+ 0L
f Bobtis... ... 26 21°99| — 02 —-30, +°17 - 03/~ 02| 2179 21 58°80, 99|+ 04
p Bobtis...... 5 32 04:29) - -02) —-47) 320 - 04|~ 03| 0393 27 41°01 ‘9208
€2Bootis....... 45 1045 - 02, —-37) +'18 ~071— 02| 10°15 40 47°19 96| 4 01
' Libres. ..... 49 56-41 — ‘O3l - 02 +-17 - 071— 02! 56°44 45 3348 ‘96 + 01
a=+456 e=-%159
Chronometer correction at 140 12m = — 4m 29-952, +- (008
W& Libre .... 14 55 55°93] - '01‘ —-07] +°20 + 11| - "02| 56-14| 14 51 32°98/—-4 23°15] ‘00
20 Libre ...... 15 02 49°38| — 01 +°07 +°21 +'10] - "02| 49°73 58 26°61 ‘12|04
Bootis...... 04 42°85) — 0L} —-44 +-22 +10{— 02} 42°70{ 15 00 1959 ‘11 - 05
2 Libre ..... 11 67-36| — 01! +-01] +-20 +'08| - ‘02| 07°62 06 44°46 ‘161 00
8 Libre ...... 16 1302 —-01] —-09, +-19 +07{~ 02| 13°16 11 49°953 “21(+ 06
& Libree ..... 27 13°08] —-01' — 02| +°20 + 05| - 02| 13'28 22 50°09 *19{+ 03
E |8 Triang, Aust.| 51 03-96] + 28 +-84 --43 00— 04| 04°61] 46 41°51 *10| - *08
1j 59 0226 +°19) -+ 05 —-21 -0L 02 0226/ 54 3907 *19{+-03
16 04 14°25 +°19 +02 —-20 - 02— 02| 14°22 59 50°93 29|+ 13
27 54°12) +°190 +°09 --21 —07|- 02| 54°10/ 16 23 31-01 09| - -07
30 27°57) +°17] —--19] -"19 — 08| — -0%| 2726 26 0410, *16| -00
36 1550 +'18| - 08/ — 20 - 09|~ 02| 1529 31 52-08 21+ 05
48 19°63 -f-‘20l +‘18‘ --23 —-11{- 82| 19°65 43 56°54 ‘11 - -08

a=4+548 ¢=-2192

Chronometer correction at 15 52m= — 4m 93+-162.1-2°013




ix REPORT OF THE CHIEF ASTRONOMER 105
SESSIONAL PAPER No. 25b
TRANSIT OBSERVATIONS.
Station : Suva. Date, August 11th, 1903. Observer : OrTo Kvotz.
8% £ j
I 5 .18 £
Transit (B2 | . | & 818,
! Star. over mean Of| ﬁg 5 = 2 | wg R. A o
£ teadn 522 2| 2| ¢ | B |ER| g
@ R ot -
5 5 :4' 3 E < | & g
h. m. s. 8. ‘ &, 8. r=i'094 8. h. m. s, 8. 8.
7 Ophiuchi ....[| 17 05 13°94] + ‘1§ —-02[ --23 + 06| —"02| 13'87 17 04 61-94) -21°93,+°07
) Hercuhs ...... 11 27°65| 11| - 37| - 24 + *05} —~ "02( 27-08 11 05°23 85| — 01
I8 AT®. i 17 40°55| + 18] + 62 -89 + -04( — 04 40°87 17 18-98 ‘894 03
3 Ophmclu AT 22 0702 +-12{ —-19| - 22 +04|--02] 06°75] . 21 44-87 *88| + 02
A Bcorpii., 27 26°89| +°16{ +°20{ —'28 + 03| — "03 26°97| 27 05°09 88!+ 102
o Ophmchl 30 50-82 + 11| —-25 —~-23 + 02| - -02| b0-45 30 28°60 85| — 01
7 Pavonis . . 36 40°09| + 18} + 83 -~'52 ~+ 01 — 03] 40-49 36 1869 80|~ 08
W (89 Herculis..... 51 55°03] — 04 —-38] 425 — 01, — 02} 54°83 51 3304 79|~ 07
» Ophiuchi. ..., b4 06°18; —0B| — 07| +°22 — 02— 02| 06-24 53 44°35 89 403
2 Sagittarii.... 59 59°96| — 06 +°12 + 26 - 03| - -02) 60°23 59 38-27 96|+ 10
72 Ophiuchi. . ... 18 03 09°90] — 04| — 23| +°22 ~ 03| - 02! 09-80! 18 02 47°93 87|+ 01
o S ‘iaglttam e 08 2300, —-05] + 02| + 23 - 04} — 03] 23-13 (8 01°21 924 06
7 Serpentis. .... 16 42:33] — 04 — 13! 4-22 — 05| — 03| 42:30 16 20°53 ‘77— 08
a Telescopii .. 20 12°60] —08] +°33| +°32 --06|--02| 13-11 19 51-30 81! — 08
a= 45489 0= —4-292

Chronometer correction at 17h 43m=— 215863+ 011



DEPARTMENT OF THE INTERIOR ix

5-6 EDWARD Vi, A. 1906

TRANSIT OBSERVATIONS.

Station : Suva. Date, August 14th, 1903. Observer : Orro Krorz.
X g g f
» 5 L]
Tounat 182 | . | 8 g s, £ |
: Btar. over meanoft “'4 g1 £ g =% R.A. g ».
& threads. |2 22 g E 3 £ g g8
g ?ze 8 |5 | 4 | 5|88 g
° =]
B A > g2 | <& (]
h. m. = 8 8. 8 r=i‘08 & h. m. = & 8.
E |e Herculis... . | 16 57 03°T0] - 09 —-49] —'21 +07]—"02[ 02-96/ 16 56 36°85] —26°11|— 06
8 Hercnlis...... 17 11 3200 —09) —-42] —°20 <+ 06|~ 02! 31-33| 17 11 05°18| *15) -~ -02
AT 17 44-96] — 16| + 59| —-31 + 05| — ‘04| 45°09 17 18°91 ‘181401
W |n Serpentis.....| 18 16 46°95] —°15| — 15| 418 - 03— 02| 46'78/ 18 16 20-50 281411
a Teh_ascopil 20 17°07| —-20| + 38| + 26 —04] - 03| 1744 19 51-26 -18{+'01
A\ Sagittarii ... 22 28-87| 17| + 08| + 20 — 04— 02| 28°92 22 02-65 271+ °10
AL 7,77 R o8 34 08:70] —-11| — 60] + 23 —'0bj—-03; 08°14 33 42-01) ‘13- 04
2 Aquile..... e 37 27°35| —16) — 09 +°18 —'06]— 02| 27-24 37 01-08 16— 01
A Pavonis ... 43 44-96| — 25! +°84) +°38 — 07| — 04| 45°82 43 19-72 10| - 07
o Sagittarii .... 49 44°95 — 18] +°09; + 20 — 07|~ 02| 44°97 49 1872 2514108
a=+"560 ¢=-%178
Chronomster corraction at 17h 53= = — 265 17312-017.
W ly Aquile....... 19 42 08-67| +-04] ~-28| +-16] « +°08 —‘02l 08:65| 19 41 42-14] —26-51|+°07
a Aquile, ..... 46 32°77| +°03] —-34| +°16 +°07|— 02 32°67 46 06°34 33 - 11
. Sagittarii..... 49 04°35| + 05| + 30} +-22 4°07)— 03} 04:96 48 38-45 Bl 4+ 07
a Pavonis .. 20 18 29°08| +-06| + 63 +°30 + 03|~ "04| 3008/ 20 18 03°69 39 - 05
p Capricorni ... 23 49:66] +-04) +°17 + 02— -02] 49:87 23 23-33 541 +-10
€ Delphini..... 29 04°57| + 04 —°28 +°'16 +°01j-"02 0448 28 38°09 +39| - 05
’a Delphini . .... 35 37°89) +03|+-'32) +-17 401}~ -02 37°76 35 11°33, *43 01
E i¢ Aquarii . 42 55°53| +°31| --'08 -"16 0| - 02l 56°58 42 29'03: 55+ 11
» Aquarii ...... 47 5526 +°31| —08{ ~-16/ - -01(—-02{ 55-30| 47 28'85|  -45|+-0L
1 Piscis Aust... 55 50°52! +°36] +°17| —°19 - 03] - 02| 50 82 55 24'-!6| 36| — 08
a Equulei...... 21 11 28'67] +'29! — 22| --16 - 04/ -'02| 28-42| 21 11 01'95‘ 47403
¢ Capricorni.. .. 21 37°75] + 34 + 06 —-18 —'05]— 02| 3789 212 11'45' 44 ‘00
‘e Pegasi........ 39 55-37| +°28| —-27| - 18 ~ 08| - 02| 55°12 39 2?'75| 37|07

a=+3%564 ¢=-%161
Chronometer correction at 20t 40m = — 26° 4414+ 015,

]




ix REPORT OF THE CHIEF ASTRONOMER 107
SESSIONAL PAPER No. 25b
TRANSIT OBSERVATIONS.
Station : Suva. Date, August 17th, 1903. Observer : Orro Krorz.
gs ¢t : g
o & g 3 g §§
Transit (82 | . | § Elu, g2
2 Star. over meanof( *® £ = k- 2 | mx R.A. g g v,
= threads. |< & 8 g 8 B8 g g
g goial = g 2|88 _g
8 s - & <14 &)
h. m. s 8. 8. 8. r=~s:'08 8. h. m. s 8. .
E 7 Serpentis...... 18 16 52°06[ +06( —13f - 18 +:07 - 51-86] 18 16 20-47 -31°39 409
e Lyre......... 34 13°97) +-04 ~-54] ~-31] +-04|—-08 13-27| * 3 4197 -30| -0
2 Aquile : 87 32°47| 4 '06] ~ 08 —-18 404} — 02| 3229 37 0106 28|~ 07
A Pavonis . ..... 43 50°44 + 08 76/ ~°38 + 03] — 5089 43 19°65 24| - -08
e Sagittarii..... 49 50°13| + 06! +-08 -~ ‘20 +'02— 02 50°07 49 18-70 371407
W = Sagittarii,.... 19 04 34°59, — ‘16' +°'03} 419 00| — 02 34°63) 19 04 03-32 311401
o Aquile. ... . 46 37°88| —~-12| ~-31| 4°18 — 0§ — 02i 37 56 46 0633 23— 07
¢ Sagittarii. . 49 09°45 --18' +-27| +°2 - 06 — 08| 09°69 48 3841 28|~ 02
B Aquile. ..... 51 0776, - '%4 ~21{ +°18 —-06; - "02 07°51 50 36 20 811401
¢ Sagittarii & 57 16°77) -1y +°10{ +°20 ul '07’—‘02 1681 56 45°49 32 4«02~
' 4
a=+%509 e¢=-*17b
Chroncometer correction at 19t 06m = — 81*-299+-¢-013.
20 06 52°97) - 14| —15( 423 +09|— 02' 52-98( 20 06 21-41| —31°57(+ 11
8 12 51°19| --15] —-05] + 28 + 08| - 02‘ 51-28 12 1986 43~ 04
13 15-37| - 15| — 05| + 23 + 08| - 02, 156°46 12 43°92 541
18 3419 22 +60| +41 +-08|—-04 35-02| 180369 33—
23 54°79) —‘16| . 00| +°24 + 07|~ 02, 5492 23 23-34 B8+ 12
31 20:06| —20{ +°38; +°'83 +°06|— "03, 20°60, 30 49 14 46 00
21 27 02°36] +°06] — 11| - 23 02| - 02' 02 04 21 26 30°68 36{~ ‘10
48 38°71] + 08| +°22| —-29 —'04/—-03 38'65 48 07°19 ‘46) 00
.1 22 01 23°37) +°06[ - 16| ~ 28} — 06| — 021 22-96| 22 00 5156 40~ 08
03 05°41| + 05 — 39 -‘25‘ ~07]~ 02 0473 02 3329 ‘44| - 02
12 27-38 +°10{ + 73| - 46! — 08| — ‘04 2763, 11 56°08 85!+ 09
17 14°00; +°06| — 15/ - 23 —08(— 02, 13°58, 16 42°19 39 - 07
26 06'06[ +°07) —-06| —-23] - -09|- -021 05°78) 25 34 27 “46| 00

a=+%524 ¢=-%9225
Chronometer correction at 21t 15m = — 31* 461 +*-017.
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DEPARTMENT OF THE INTERIOR

TRANSIT OBSERVATIONS.

X

5-6 EDWARD VIl., A, 1906

Station: Sova. Date, August 19th, 1903, Observer : OrT0 KLOTZ.
P HEL g
;:' & - 8 §'33
Teansit |8 3 f K=t R Qg
: Star. over meanof =4 € | F{ E |=%| RA g | =
g threads. |\ 322 7 | E | ¢ | E | B8 &
& >od '8 = = 3 gu ,E
5] K| < |5} & |49 &)
h. m. s 8. 8. 5 rzs; -gol & h. m. s 8. 8.
E 172Ophiuchi. .... 18 03 22-47] +°02] — 922 - 18; +-12{— -02( 22:19| 18 02 47°87| —-34'32 00
7 Serpentis, ... 16 55°09] + 03] —-12] — ‘18 + 10| — - 02! 54°90 16 2045 *45] - 13
a Telescopii.... 20 25°32( + 03| 4+ 32| — 26| +°09 - 03| 25°47| 19 51°19 -28( ~ 04
A Sdgittarii.... 22 36°93] + 03] + 07| - 20 ++09) - 02 36-90 22 02' 60| 30|~ 02
o Jugree, . in ... 34 16-88] +°02{ — 51 --23 +07 - 16°20 33 41° M -28! - 06
o Sagittarii ... 49 53'05) + 03 + 08 —-20 + 05| — 02 5299 49 18°68 31| —-01
—17] +°26( +°24 —-04{—"03| 12-81| 19 48 3843 *38i4- 06
-~ 16] 4091 +-26 — 05| — -02] 19:91 56 4549 42|+ °10
—-13| --23] +-18 —-10| - 02! 12-40| 20 28 38°09 *31) - 01
—18] +°35] +°26 —-10! - '03 2331 30 49°14 “17(- 16
~-12! —-27} 419 —11{--02) 45°61 35 11-33 28— 04
-*14) --07] +'18 —'12J—‘02] 0338 42 2904 34{+°02
a=+v476  ¢=-179
Chronometer correction at 198 23= = —-34*- 31732017
W |0 Capricorpi....| 21 01 07°86] — 18 —'01| +-21 + 09| - 02| 08:00] 21 00 33°34 —-34'06‘-}-'11
§ Cygni........ 09 26°76| — 09 — 43| +°23 + 08l - 02 26'563 08 51-99 -b4{— 01
B Aquarii.. .... 27 05°18) —-12] —-11| +°20 + 05—~ 02 05°18 26 30°69 48— 06
¢ Aquarii.. ... 33 13-31| —-12] - 09 +-20 +04/— 02 13'32 32 38-84f | 48 --07
v Capricorni.... 35 21°11) —-18] —-01] +-21 +°04(-02 21'2) 34 46°63 57)+ 02
¢ Pegasi.. ...... 40 03°43| - 11} —-24 420 +03)- 02 03 29 39 28-78 "5 - 04
& Capricorni.... 43 19°34| — 13} - 02 +-21 +°08|- 02| 19°41 41 44°83 -58(+ 03
E |¢ Aquarii...... 22 26 03°98) +-21| —-06| - 21 —+04] - 02, 08-86{ 22 25 34°29 571+ 02
B Gruis....... 37 30°69| + 27| + 37| - 30 — 0B - "08| 30°94 36 5642 52|~ 03
n Pegasi. ...... 39 06°08| +°16) — 43| —'23 —+06] - 02} 05°50 38 30-97 53— 02
X Aquarii - 43 11°33( +°20] —09| ~°20 -07{—--02 11°15 47 36°63 ‘5% — 03
d Aquari..... 50 0822 +'21| -02) —21 —+07|—"02| 08°11 49 33-54 57|+ 02
o Piscis Aust... 52 55°47| +°23;) +°12| - 24 — 08| — 02| ¢5°48 52 20°95 -53| - 102
o Pegasi.... ... 23 00 34'20) + 18] —--29| - 21 ~°09; - 02| 3377 59 59°19 58(+ 03
a=-+%505 e=—203

Chronor.eter correction at 22h 00m= — 345-5511-*' 009




X

REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

Station : Suva.

TRANSIT OBSERVATIONS.
Date, August 21st, 1903.

109

Ohserver : Orro KroTz.

Chronometer correction at 20b 30m = — 37*' 630+ 015

R £ g
2. g : 5% .
Transit 'g.ﬂ | o) B _§ %.s "g

5 Star. over meanof| ~ 28] © 2 %138 R. A, § 8 v

& threads. |= 28| § 8 ; £ (&g g

g gox| B | = k3 g g g

K] Podl R e < .2 g-u

o S < |38 & | = ]

h m s 8, B. [ X r=s; 11l & h. m. s 8. 1 8.

E jy? Sagittarii,...f 18 00 15°49] +-28] +-15| ~ 26 +07)- 02| 15-71| 17 59 38°15| —37 58]+ 09
72 Ophiuchi.....{ 03 25°51| +°22j ~ 28| —-22 +°07| — 02| 25-28| 18 02 47°84 #4) - 03
o Sagittarii...f 08 3%°47| +-27| +°02] — 24 4'06| — ‘02, b6 08 01°11 45 — 02
7 Serpentis.... 16 5798 +°24| — 16| -22 + 04— 5786 16 2043 43 - 04
@ Telescopii. .. 20 28°19 +-82{ + 40| — 32 + ‘04) - *08| 28-60 19 51°18 45 — *u2
A Sagittarii.. . 22 39°89| + 28| +°08| —'24 + 03| — 021 40°02 22 02'57], 48] - 02

W la 34 19°76] +°01 —-64] +°28 +°01} - 03] 19:39 33 41° 49(-- 02
|2 37 38°34| 01 —-10] +°28)  +°01l—-0D 38:46] 87 01'02 ‘44|~ '03
A 43 56°68| + 02| 4 92| 447 —-01|— 04! 5704 43 19°5% 471 00
o 49 55°88) + 01| +°10| 425 - 02| - -02| 5620 49 18°66 ‘54(4 07
€ X 55 5373 + 01| — 34| +°23 ~ 03(— -02f 53°58 55 16°17 41 - 06
68 | 19 01 37-69, + 01 — 14| +'22 ~04) - '02| 37°72; 19 01 00" 11 61+ 14
T 04 40°44| 401 +°03| +°24 — 04| — 02| 40°66 04 03°28 ‘88— 09
‘5 21 17-23) +°01] —-22 +-22] —-'07]--02| 17°15] 20 8969 *46| - -01

a=+%601 e=-1220
Chronometer correction at 18 40m = — 37*' 4702013,

W |8 Aquile....... 19 51 13°64| + 09 —-21| +°25 +07|— 02| 13-82| 19 50 36 18] -37°'64|+ 01
¢ Sagittarii.... 57 22°66| +-11( + 10| +°28 + 06| — 02| 23:09 56 45°48 -61|—-02
# Aquile....... 20 06 58-88| + 10| ~ 15/ +°2b + 04| - 02| 59:10| 20 06 2140, 701407
! Capricorni. . .. 12 57°22| +, 10| — 05| + 25| + 03| - 02| 57'63 12 19°85 *68(+ 06
a2 Capricorni. .. 13 21-29| + 10| — 05| + 26 + 03] —~ 62| 21-60 12 43°92 681406
a Pavonis...... 18 40°03| +°14| + 59| +-46 + 02| - 04| 4120 18 03-67 *53{~ 10
p Capricorni.... 24 00°67) + 11 *00] -+ 26 +°01{~ ‘02| 01:03 23 23-33 70|+ 07

E le Delphini. .... 29 15°97| +°35| — 25| —25 ‘00|~ 02] 15-80 28 38°08 72|+ 09
(i oo s R 31 26°38| +-51| +°37) —-40 ‘00|~ *03| 26-83 30 49°13 *T0{4 07
o Delphini. .... 356 49°13| +-34 —-29| —--26 —01[— -02| 48-89 35 1133 56| - 07
€ Aquarii...... 43 06°72| 437 —-08) —-23 —02|—~ 02| 06-72 42 29°04 68|+ 05
1 Piscis Aust.... 56 01-85| --°456] 415/ —-30 — 05/~ 02| 02:08 b5 24°48 60| — 03
¢ Capricorni... | 21 01 10-81 + 41| — 01| — ‘26 — 06|~ 02} 10°87| 21 00 33'34 53| —-10
¢ Cygni..... e 09 29°99| +°30f — 44| —-29 — 07|~ 02| 29-47 08 5199 ‘48~ "16

a=+*518 e=-—2"262



DEPARTMENT OF THE INTERIOR ix

110
5-6 EDWARD VII., A. 1806
TRANSIT OBSERVATIONS.
Station : Suva. Date, August 22nd, 1903. Observer: Orro Krorz.
1% g |
'U: I~ S 8 §§
Transit |2~ : g S 18y
. Star. over mesnof|— 2% B 3 2 | ng R. A H v
g threads. |05 2 é P £ |38 g
& 288 § | 7 g 2|85 E
5] k] < | 8 Ao <& (&
h. m. s 8. 8. s. rzt‘ll 8. h. m. s l 8. 8.
EB  oan e eoo..} 17 17 B7°21) +°07) +°51) — 38 + 28] - "04] bT" 17 17 18°71) -38°94]4-°05
o Ophiuchi . .. 22 23°68! +°05| — 19| — ‘22 + 27— 02| 28-57 21 4472 *85( — "04
rpii ... .. 27 43°60, +°07| +°19] —-28 +°26(— 03| 4381 27 04'91 90|+ 01
a Ophlut;hl ..... 31 07°52) +-05| — 25| — -2 + 25| - 02| 07" 33 30 28 44 ‘89 00
7 Pavonis.... .. 36 56:59| +°09| +-82| --51 + 24| - 05 57-18 36 18°33 *85) — 04
B Ophiuchi . 39 22°58| + 05| — 19| —-22 +-24|- 02! 22-44 38 4354 90|+ 01
w ;-y Capricorni ...| 21 35 25°56 ‘00| —-01| +-23 — 19| - 02| 25°57| 21 34 46'64 93+ 04
Pegasi........ 40 07-83 ‘00 —-23; +-22 - *20{ - -02( 0760 39 28°79 ‘81{— 08
§ Capricorni.... 42 23-82! 00| — 01| + 23 —-21/--02| 23-81 41 44-84 97+ " 08
vy Gruis... ... 48 45°98 00 +-20] +-28 ~ 22| --03] 46°21 48 07°23 98| 409
a Gruis. .. .1 22 02 49°75 00| + 35| +-32 — 24|03, 50°15| 22 G2 1L°36 79— 10
vy Aquarii 17 21°35 00| —-14| +-22 - 27— '02] 21'14J 16 4223 01|+ 02
a=+%485 o¢=-%217
Chronometer correction at 19» 49m = — 38% 894-+-5-012
W |7 Aquarii....... 22 31 04°96| — 02 —16] +21 +08|— 03| 06 04| 22 80 25°77| -39-27] 00
Gruis. ... .... 37 35°02f — 02 +-89, +°31 + 07| - 03| 35°74 36 56°46 +28(+ 01
o Pegasi.. 23 00 38:60) ~-01} ~'30] +21 + 03] — "02} 3851 09 59°23 +°61
v Piscium-. ... 12 50-81| —-02] —19] +-21 + 01|~ 02| 50°80| 23 12 11°62 18— 09
7 Pegasi.. ... . 16 33-17) — 02| —-33| +°23 00 - -02{ 3303 15 53°72 31|+ 04
E |« Piscium ...... 22 40 36| +-28 - 17| --21 Z-01)--02] 40°23 22 00°96 271 00
¢ Piscium . 35 40°48] +-28; - ‘21| - 21 — 04|~ 02| 40-28 35 0100 28|+ 01
] Sculptgor 44 3479 + 34| +°11| —-24 ~ 03| - 02| 3493 48 55°65 28+ 01
¢ Pegasi. . .. 48 16°29! +°25 -~ 34 --22 — 06/~ 02| 1590 47 3665 25 - "02
w Piseium ... . 55 0263 +-28) —22| —~-21 -~07|- 02| 0239 54 23°12 27| 00
2 Ceti........ - 59 2867 +°32| —-01] — '22I ~ 08|~ "02) 28-66 58 49 40| 261 - 01
a=++53 c=-5210

Chronometer correction at 23k 15m = — 39 266+ 009




iz
SESSIONAL PAPE

Station ; Suva.

REPORT OF THE CHIEF ASTRONOMER

R No. 25b

TRANSIT OBSERVATIONS.
Date, August 23rd, 1903.

111

Observer : Ot10 KLOTZ.

&% g g
5 g
- By =~ . 15 .5
Transit ‘;: o -2 ‘§ 8 g
£ Star. lover meanof| S5 8| < 2 2| 8% R. A. g »
o threads. (328 § & ; £ §
] ok 8 & 2 g § =l
= oAl '8 3 é 3
5 K 4 |3 < 8
h. m. s. 8. s 8. r——‘l(t’ h. m. = 8. s
E {# Capricorni....| 21 01 13'85 +°17] -0 —-24 %+ 06 — 02 13-81| 21 00 33°34] —40°47|+ 01
T0yan: ol L X 09 3298 + 12| —~ 46! - 26 +05 — 02 3241 08 51°98 ‘43— 03
e Equulei .... 11 4271} + 15} - 21| — 23 + 0B — 0"‘ 42-45 11 0198 471401
61 Microscopii. . - 15 17-84] 18| +-29| —°30 +04 - 03, 18-02 14 3747 55|+ 09
¢ Capricorni... 21 51°96{ + 17| +-05| —-25 + 08 — 02 5194 21 11-49 45! — @1
B Aquarii . 27 110300 16 ~°12) —'%8|  +:02 -0 L U| 2 3070 41— 05
v Capricorni. . 35 2715, +°17) —-01} — 23 Olt— 031 2707 34 46°65 42| — 04
W |e Pegasi.. . .. 40 0945 — 12| - -26{ +'23 00, - 0928 39 28'79 491408
d baprlcorm 42 2527 —14| - 02| +-24 - 01 — 02 2532 41 44°84 “48{ 402
v Gruis. ... ..... 48 47°39( —-16| + 23| +'29 -02 - 03 47 70 48 07°25 ‘45| - 01
'deegaSl 57 05°98f — 12/ — 29| + 24 - 03 —02; 06°76 b6 25°30 ‘461 00
@ Aqlw.rll veea.| 22 01 82°14| — 13| - 16 + 28 - 64 — 02 32 0’ 22 00 5160 42— 04
o Toucani .. . 12 35°66 — 20| 4 76| + 47 - 05 - 04} 36°60 11 5617 ‘43— 03
¥ Aquarii_ .. ... 17 22°94| — 14| - 15| +°23 & ‘06|— 02i 22 l 16 42 24 56!+ ‘10
a=+543 =997

Station : S'UVA.

Chronometer correction at 21» 39m =— 40 4612010

TRANSIT OBSERVATIONS.
Date, August 25th, 1903,

Observer : Orro KroTz.

&% g g |
P 5 . 8 wB
Transit |2 ik ot ki § s “ §§
7 Star. over meanof| ® s 4| £ a S | =E R. A, g § o

£ threads. |— g,g S H & E | 88§ 8

EH 508 § | 3 2 | B | gk E

=} - < | 3 ] < | & (]

h. m. s 8. 8. 8. r:s; 0] & h. m. s a. 8.
E [a¢ Toucani...... .| 22 12 37°26| + 456, + 60 —"50 +'12]~ 04} 37°89| 22 11 56°19] —41-70|+ 03
7 Aquarii ..... 31 07°54; +°29| —-13| — 24 +09) - 02| 07°53 30 25°79 TH+-07
¢ Pegasi .. .... 37 22°771 +°21| —'21 —-°25 + 08— "02) 22°64 36 4096 68+ 01
7 Peg&}sx ....... 39 13-00) +-23| —-37| --28 + 08| - 02 12°64 38 3102 ‘62| — 05
R 43 26'92 + 40| + 38| — -39  +-07|—-03| 2735 424572  ‘63|-'04
A Aquarii. ..... 48 18 37| +-30| — 07| — 24 +06{- "02| 18-40 47 36°70 70|+ 03
3 Aquaril. ..... 50 15°17| +-31| --01| —25 + 06 - 02 1526 49 33°60 66— 01
w wPisqium cee. | 23 55 04°89) ~ 01 — 18] +°24 — 05— 02| 04-87| 23 b4 23'1’} 70|+ 03
2 Ot .. s e 59 30-93) — 01 00 +°25 - 06|- 02| 31:09 58 49 45 ‘64— 03
.| 24 04 08-08 ‘00 —-36) +°27 — 06| — ‘02| 07 86| 24 03 26 07 TH 412
08 59-61| — 01| —-24] +°25 —07{- 02| 59 52 08 17-86 66| — 01
22 13°57F ~ 01{ + 24| + 33 — 09— 03] 1401 2] 32°48 ‘53— 14
34 5398 — 01| —-33) +-28 — 11} - 02} 5379 34 12°10 69+ 02
39 27 81] --01 00 +°2 - 12| - 02| 27-90 38 46°24 66| - 01
a=+431 = -%"243

Chronometer correction at 23t 25m =

—41°674~+-010
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Station: Suva.

.

DEPARTMENT OF THE INTERIOR

TRAN SI’f OBSERVATIONS.

Date, Angust 27th, 1903,

1x
5-6 EDWARD VIl,, A. 1906

Obgerver: Otro Kiorz.

4% : g

z g | 8 §3

Transt [B= | . | 8 g%, §

: Star. overmean ofl ® s Z| k- g | =g R.A. v
g- threads, I ge g é S g :g § £
g FoEl 8 =% [ ElE 2
8 K] < |38 & 2| &)
h. m. s 8, 8. 8. r=s;'06 ol h. m. s 8. 8
E | Hel‘clﬂis. ... 17 43 25°39, +°08] - 47 - 27| +°03|— 02| 24:74] 17 42 4198 —-42°76)— 06
89Herculis . .... 52 16-19| + 08 — 46| - 27 + 02| - 02| 15°55 5] 32°79 76| - 06
» Ophiuchi...... 64 27°22| + 10| - 09 24 + 02! - 02} 26°99) 53 4415 841+ 02
y*Sagittarii..... 18 00 20°99| +-11| + 16| - 28 + 01| - -02f 20°96 b9 88-06 *91| 4+ 09
720phiuchi...... 03 31°02| +°09 —-28) —-24 + 01|~ *02| 30°58| 18 02 47°75 *83(+ 01
© Sagittarii... . 08 44°00) +-10] +°02| —-28 + 01! - -02| 43'85 08 01°03 ‘82 00
W |7 Serpentis...... 17 03°33) — 22| — 15| 424 00— "02] 03'18 16 20°35 83401
a Telescopii .... 20 33°42| --29' +-39| +-3b - 01| - 03| 33°83 19 5105 78| - 04
A Sagittarii .., 22 45°31| — 25 +-08] 427 - 01| - 02| 45-38 22 0249 ‘89/+°07
a Lyra .. .... 34 25°19| —-16| — 63| +°31 — 02| - 03} 2466 33 41°79 ‘87(+°05
2 Aquile, . 87 43°86 — 23| —-09| +24 — 02|--02 43-74 37 00 95 791 - 03
A iPavonis:. . 44 01-22| —-36| + 88| +°52 ~ 03| - 04 02-19 43 19-41 “78i— 04
o= +%"b86 o=—%"242
Chronometer correction at 18t 13m= — 42 8212011
W le Aquue.., . .| 18 55 59-22| — 18 — 32 +'28 +04] — 02' 59:02) 18 55 16°09| —42°93 + 03
¢ Aquile. ..... 19 01 43°20| —-18| — 31| + 28 404 — 02[ 43-01] 19 01 00°05 ‘96 + 06
W Sagittarii .... 10 2201} - 23] +08 +'3d +°03) - 02) 2217 09 39-21 ‘96 408
w Aquile, . .. 14 01°93] — 19| —-28| + 27 + 03|~ 02 0174 13 18-84 90| 00
B.A.C. 6632.... 20 47°84) — 29| + 58| + 46 + 02| - "04| 4857 20 05°72 ‘856 — 06
a Vulpecule . .. 25 26°31) — 16| — 42} +°29 401 - 021 26°01 24 43 11 90, 00
w Aquile.. ..., 30 07°26) —-19| — 25| +-27 + 01| - -02) 07°08 29 24°22 4 = 04
E |0 Sagittarii. ... 35 5655 +°19| 03l —-28l  -00|--02l 5642l 351347l -95+°06
v Aquilee....... 42 25 385 +°17, — 28] —'27 *001—-02) 24°95 41 42°06 *89) — 01
a Aquile. .. 46 49°53| +°15| — 34| — 27 ~01|- 02| 4904 46 06°26 '78‘-'12
¢ Sagittarii. 49 21°16| +°23] +-81| —'36 ~ 01|~ 03| 21 30 48 3836 ‘941 4 04
B Aquila. .. 51 19°40 + 16| — 28] —-27 - 01|~ 02| 1903 50 3615 88 - -02
ic Sagittarii..... 57 28-37| +°20{ +-11] -39 —02|—- 02| 28°34 56 45°45 ‘89| - 01
ip Capricorni ...| 20 24 06°36] +19 ‘00| —°28 — 04| - 02| 06°21 20 23 23°31 ‘90| 00
1
a=-+*565 e=—2267

Chronometer correction at 18t 400 = - 42 §994-*'010




ix REPORT OF THE CHIEF ASTRONOMER : 113

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Station : NORFOLK ISLAND. Date, August 14th, 1903. Observer: F. W. O. WERRY.
4% : '
e g ;|8 5'8
Transit (8- | . | 2 £l%, 2
: Star. overmean of * 24 £ @ R R. A, g .
g' threads. |5 =22 & B g Elgg -g
g Evel 4 | 5 2|85
B = < | © & < S
h. m. s 8. 8. 8. r.:i' -99| 8 hm s |m s 8.
E |\ Scorpii. ...... 17 28 04°15( +°06| + 09 + 08 +°06|—°02] 04°42 17 27 05 04| —39 38,-1“03
T e O R 31 28°00 +°04| — -85 +°07 + 04| -°02| 27°78 30 28-52 *26' - 09
600, .. 33 04°37| +°05| —12] +°07 + 04| — 02I 0439 32 05704 *35 00
7 Pavonis ...... 87 16-96| + 10| + 70| +°16 + 02/ - 04 17 90 36 18-60 *30 — '05
DA ol e 39 43-20 + 04| — 28| + 07 00—~ 02 43°01] - 38 4361 ‘40 405
30 o e 43 41°99| +°03| — 49 +°05 —02 - 02| 41°57 42 42°17 40 +-0b
|
IR, - 2 54 43'83| +'02 - 17| —"08 —07| - 02| 43'52 b3 44'27 '25,— '10
B0 s e 56 49-81 +°02] —-27| - 07 - 07| -02| 49°40 55 50°09 ‘31~ 04
Bt .. | 18 00 37°85| + 02| +02! — 08 —09| - 02| 3770 59 38-22 ‘481413
BRI o 03 47°74| +°02| - 33| —07 ~ 11} - 02| 47°23| 18 02 4788 ‘35 00

a=+5518 e=+5067
Chronometer correction at 17t 40m = — 5934842019

50 1847 +°04] — 03] —-0b + 29|~ 02! 18-70( 18 49 18°69|-1 00-01| + ‘03
02 00°35| +°03j —-39] — 05 + 23} - 02 00°15| 19 01 00°14| 00°01{+ 03
056 03°28| + 04 —-08 — 05 + 22|~ 02 03°39 01 0330 00709+ 1)
10 39°16| + 04| —-04 — 05 + 19— 02| 39°28 09 39°32 0 59 96— ‘02
36 13°53 + 04| — 12| - 05 +07|—-"02) 13°45 36 13°55| 59°90|- 08
49 38-21| +-05| +°17| —-06 + 05| - *02| 3840 48 38-45| 59:95 - ‘03
51 36°45| +°03| —-32[ —°05 —°01|— 02| 36-08 650 36°18! 5990 ~-08
13 44°13| +°08] — 25| +°05 —*11|--02| 43'88] 20 12 43°91| 59-97| - 01
16 37°41| +-09| —-22| 405 —°13{-02! 37°18 15 37-32| 59-86/- 12
19 02-84] + 14| +°75] +°08 ~*14| - 03] 03-64 18 0369 59-95!-°03
24 23°61) +°09| —'18| +°05 —16{— 02| 23°39 23 23°33| 1 00°06|+ ‘08
29 38:66| +°07) —-58| +°05 - 19{- 02| 37°99 28 3806 0 59°93 - 05
43 29°45| +°07| —-29| +°05 — 251 —-02| 29-01 42 28-93} 1 00°08{+ ‘10
48 29°32| + 07| ~ 30| + 05 — 28| -"02| 28°84 47 28°85| 0 59°99(+ 01

ey =BT ay=+%875 e=+045
Chronometer correction at 19b 50™ = —59%-976-*,016

25b—8
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DEPARTMENT OF THE INTERIOR

X

5-6 EDWARD VIl., A. 1906

TRANSIT OBSERVATIONS.

Station : NoRFOLE IsLAND.

Date, August 17th, 1903.

Observer: F. W. O. Wegry,

g9 &
."z’ & % § §'§
Transit (E~ ([ . | .8 8%, g
5 Star. over meanof| 3 3| 8 & e | =k R. A, g 2

= threads. |= =59 g 8 5 g3 3 8

E t9E| 8 | 8 ) £_| 2|35 =

B — <4 |38 - =R 3]

h. m. s 8. 8. R~ s_' -18] & hhm s [m s 8.
W [¢ Ophiuchi, ....| 17 23 07°82( ~ ‘01| + 40} - 12 +08[— 027 08°15] 17 21 44-78|-1 23-37| 00
7 Pavonis ., ... 37 45°12) ~-03|—-1-00{ — 29 + 04| - 04| 41-80 36 18-47 33— 04
245 40 06°66) — 01] 440/ ~-12 403/ - Q2| 06°94 38 43°57 37 00
246. , 44 05°07] ~ 01| +°69| —-14 4+ 02| - 02| 05 61 42 42°13 ‘48(+-11
250. . . b5 0747 ~ 01| +-24] —-12 - 01| - 02 07°55 53 44°24 ‘31 --06
253 57 13-21| ~01) +-39| --12 - 02| - 02| 13:43 55 50.06| © -37] ‘00
18 01 01°47) +°07| —02|{ + 14 — 03— 02| 01°61 59 38-19 *42|+ 05
04.10°57| + 05| +-46| +°'12 — 04— 02! 11-14| 18 02 47.86 28| —-09
05 10°60| + 03| +°70| +°14 - 04— 02 11°41 03 48°08 33(~ 04
19 11.25| +°05| ~ 09| +-15 —'091—-02 11°25) 17 47°84 “41)+ 04
a=-%733 e=+2122
Chronometer correction at 17t 50 = — 1m23s-3684-* 016
18 44 43°46| + 07| ~ 59| +-34 +09| - -04| 43-33! 18 43 19.64/-1 23°69|+ 09
50 41°90| +04] +°03] +°17 +°07| - 02| 42°19 49 18-67 52{ — 08
56 39-13| + 03| +-36| + 16 + 06— 02| 39-72 55 16°19 ‘63— 07
19 02 23-22| + 03| + 36| + 16 + 04| - ‘02| 23-78| 19 00 60°13 65|+ 06
05 26°70| +°03| +08| +°17 + 03] - "02{ 2699 03 63-27 ‘72(+°12
11 v2-54( +03] +-04 +°17 + 01— 02 0277 09 39-30, 471 —-13
14 41°98| +°'03] + 33| +°16 00| - "02( 42°48 13 18:89 59— 01
21 30°12| - 02| ~-37 --27 —02|--03] 29 41 20 €585 56| — 04
26 0661 —-01| +-44| - 17 —-03| - -02| 0682 24 4324 58|~ 02
32 15°74| - 02] +-04| —°17 — 05| - 02| 1552 30 5199 53| ~-07
36 37°32| - 02| +°11 - ‘16 — 06| - 02| 3717 35 13-52 661406
43 05°67( — 02| +°33| —'16 — 08/ - 02| 06°72 41 4209 63403
44 30°54| —-02| +-39 - 16 - 09| - 02| 30 64 43-06°92 72(+-12
a=-9501 o¢=-+%166

Chronometer correction at 19" 15™ = — 1m23s- 5014-*-018




ix REPORT OF THE CHIEF ARTRONOMER 115

SESSIONAL PAPER No. 26b

TRANSIT OBSERVATIONS.

Station ;: NORFOLK ISLAND. Date, August 19th, 1903. Observer: F. W, O. WERRY.
g ] &
2% _ : gg
a :
Transit (B2 .| . | £ 8|5, §
. Star. over meanof| © 2 2| S - £l2q R. A.- § g .
£ threads. | 2.8 E k| P Bl EE
’2 2o ‘R % R .8 gs
5] A < |3 = | < ]
h. ‘m. s. s 8. 8. r='_'; -84 h.m s |[m & | s
E g e gl B 17 18 5768 —'02| +-35{ 4-'16 4171 --03| 58-21} 17 17 18'79|-1 39-42| - 07
¢ Ophiuchi..... 23 24°21 ‘00| —-25 +°09 +°15( - 2418 21 44°77| " 41!~ -08
A Epilis. ba.t 28 44°'09 ‘00( +°08 +-11 12| - *02| 44°38 27 04°97 “41{— 08
7 Pavonis ...... 37 57°14) +°02) +-61] 421 407 —"04] 58°01 36 18°44 57|+ 08
rid e A e 40 23:25| 4-°01| ~-25 +°'09 + 06| - 02} 2314 38 43°55) 59|+ 10
1 L R LR S 44 21-98) 01| ~-42| +°10 4 03| - "02{ 21-68 42 42°'10 *58(+ 09
W (|250. .. b5 24°08| — 05| — 15 — 09 ~03|~ 02| 2374 b3 4422 52+ 03
W3, e 3" 57 29-921 -°05| 24| - 09 ~ 04| - 02! 29'48 55 50°03 45 - ‘04
o SRR | 18 04 27°83; — 04| —-28! —°09 —"08[{— 02| 27'32( 18 02 47°83 T 49 00
255..... i x 05 28°20| —04{ — 43| —'10 — 09| - 02| 2752 03 48:05 47(-02
OO .. . 09 40°89| - 05 — 07| ~-10 ~12|~- 02| 40°53 08 01-09 ‘44(- 06
a Telescopii . ... 21 3098 — 06| + 19| - 13 = 18|~ 08| 3077 19 51°19 58+ 09
% a=+%450 ¢=4089
Chronometer correction at 17: 50m= — 1m 39¢- 404016
WHBR L e 18 50 68°76 — 03| — 02| -'10 + 23| - ‘02{ 58°82| 18 49 18-66|-1 40°16|+ 10
i S P 56 56°48| — 02| — 30| — 09 + 19|~ 02| 5624 55 16°18 ‘06| 00
L7 T A TR T 19 02 4041 —'02| — 29| — 09 + 16| — 02| 40°15| 19 01 00°10 *08]—-01
ﬁSs.gitta.m ..... 11 19-41) —-03| - 03} ~-09 +-11)- 02} 1935 09 39°29 *06) 00
LA.C. 6632.. 21 45°68] — 04| +°31| —'15 + 05! - ‘03| 45°82 20 05°85| 39-97|—°09
« Vvlpecule... 26 23:80] — 02| ~ 37t —-09 + 02| - 02| 23°32 24 43°24| 40°08(4 02
E | Sagittarii..... 36 6357, +°02| — 09| +09 - 04| - 02| 5353 35 13°63f 40°00(- ‘06
i A TR 43 22°31| +°02| — 27| +°09 — 08| — 02| 22°05 41 42°08| 39'97|~'09
P sy 44 47°24) +°02) —°32] +'09 —-09] - 02| 46°92 43 06°91| 40°01]-'05
« Sagittarii 50 18-46| +°02| +°13| +-11 —12]— 62| 18-58 48 38°43 15+ 09
. TR 52 16-51} + 01| —-24( +-09 - 131 - 02| 16:22 50 36°16 ‘06| ‘00
O8O < eis . 56 10°27 ‘00, —-33| +'09 —1b| - 02| 09°86 54 29-79| - 07|+ 01
BT vseie s veees | 20 08 O1-84 ‘00| —-20 +°09 — 22| - 02| 01-49| 20 06 21°34| - 15(+ 09

a=+5418 e¢=+°085
Chronometer correction at 19t 30m = — 1 40%° 0604 015

25b—8}



116 DEPARTMENT OF THE INTERIOR i

TRANSIT OBSERVATIONS.

Station : NORFoLE IBLAND.

Date, August 21st, 1903.

5-6 EDWARD VIi,, A. 1906

Observer : F. W. O. WERRY.

&g B
i § f...g
Eohs o . §
Transit |25 | " .E s
: Star. over meanof| ® s | £ -] 2| =g R. A § v,
g threads. |—= 22| 2 g : £l 58 28
g ~ Eos 8 = 3 & 8
2 ol § 3 R 2 §¢
) = < S & < 8
h. m. s. 8. 8. 8. rzsl 4| & h.m, s |m & ]| &
B RG Ll 19 56 25°51 + 03| —47( 404 + 28| - 02| 25°37| 19 b4 29-78|-1 55°59|+ 12
¢ Sa-gxtta.nl 08 40°58! +°04| —-01| 405 + 26| - 02| 40°'90 56 45°48| 432[ — - 06
DR L A ...f 20 OB 16°94| +-°04| —"28] +°04 +°17|— 02| 16-89| 20 06 2134 *56(+ 08
OOTE e 14 39-85 + 04| —-17| +-04 +°13]- 02/ 39-37 12 43-90 471 00
B0 ot 17 32.73| +°04| - 1h| +°'04 +°10|—-03| 3273 156 37-31 ‘42| - 06
a Pavonis....... 19 58°42| +°06( +°51| 407 +-09| - 03] 59-12 17 63°67 45— 02
T e 25 18°70 + 05| —-12| +-04 + 04| - 02| 18-69 23 23°33 86— 11
3L SRR e M 44 24-92| —-01} --20 ~'04 —-111--02! 24-54 42 29°00 54|+ 07
[ Aduarii.. . .... 49 24°73 00| —-20] —-04 —-15;--02, 2432 47 28°87 45} — 02
.......... - 52 25°14| ‘00| —-586! — 05 - 17| - 02} 24-34 50 28°96 38— 09
] Capncoml 21 02 29-29| +°02| --12] —-04 — 26| —-02] 28-87| 21 00 33°34 *b3{+ 06
AN S e A 06 1824 +°03] —-18| —-04 — 290 —-02] 177 04 22-18 -56{+ 09
AR v w 0 10 48-23| + 03| 58] — 05 — ‘31| — 02} 4730 08 5196 *34(--18
a=+"501 =+5%:040
Chronometer correction at 20t 30m= —1m 5524685022
21 12 58-05| +°06| — 17| — 23 +22(—-02( 657-91( 21 11 01-93{-1 55-98(— 08
16 33°57| +°10{ + 08 —-30 + 19| - -02| 33 62 14 37°47| 56°15|+ 09
28 26-88( + 07| —-12[ —-23 + 11| - 02| 26°69 26 30°63, 06| 00
34 35712 +°07| -1 —-28 + 05} — 02! 34-88 32 38°85 03l - -03
43 40°64| + 14| — 07| +-24 - 02| —-02| 40°91 41 44°80 ‘11406
50 02°83] +°14| + 06| +°29 — 08| - 02| 0322 18 07°22 00| — - 06
22 02 47°70| +°09| —-14; +°23 — 17| - 02| 47°69| 22 00 51°b6b 14|+ -08
04 07°00] +°11] +-14 +-34 —+19]--03| 0737 02 11-55 02| - 04
a=+%298 ¢=++229

Chronometer correction at 21k 40m= - 1= 569° 06242020
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I p———



SESSIONAL PAPER No. 25b

Station : NORFOLK ISLAND,

ix

REPORT 01?‘ THE CHIEF ASTRONOMER

TRANSIT OBSERVATIONS.
Date, August 22nd, 1903,

117

Observer, F. W. O, WERRY.

E

i

Star.

in-

equality of

Level and
pivots.
Azimuth,
Collimation.
Aberration.

Rate.

Seconds of corr.
transit.

Chronometer
correction

v,

A\ Pavonis. .,

-8

SHBRES JIGRBEEY B

=
"
|

=t
[
B P

2EREREE ,

BENEIR BRIVLIN

R B Tk
llll+l|'

0 e W5, )

R

228328 IIRRESE

NPSHLE
] o T
(e 31 ]

Japta-t ]

C R R

BEREEE SUERRLY B
SR2EZE SERGHER ,
EREIEVE SERTBES

E25REE SISVBBRE

Chronometer correction at 18% 00m = —2m (1286645013

i i R
Y Sagittarii.....
i T
B.A.C. 6632....

27S7 .........
¢« Sagittarii......
2886. ......... .
¢ Sagittarii......
287

e
BER¥eER

BAgESE ZLESRES
BEEEKE BRBILSE

ottt bttt
II'+|I|.

288

(51 S S0 Rt |

RERTTH

ERRESE
=
{2 I T B A |

8

EBEEE
RN

53 87
5431
44-38
40°7
3214

47°71
23°75

8
LRRVEBR
BERBERY

REBEES LELSEES

SIEBHE
P IS

8

02
‘03
‘01
01
*02

‘02
‘03

o7

Chronometer correction at 19 40 = — 2m 02¢-338--010



DEPARTMENT OF THE INTERIOR

118

5-6 EDWARD Vil., A. 1906

TRANSIT OBSERVATIONS.

Observer, . W. O. WEBRY.

Date, August 23rd, 1903,

NorroLk IsLanp.

Station :

: , S285358 28B3I=A8
: e e e o
5 SNRIRNAR BRIBGHS
"EOH061300 e s e
Jojeuroucayy |
g & 3
TEAERISE SEEGETB
<4 IRIZ[IIAR RFSREEY
o g RRTABRIB I3IBZ=2]
45 =
ypsuesy nBERESE RESBESR
1100 JO 8pacoegy SBARBRE $E3/B8H
13833388 333823
"UoIBaX e e e e B e o S T
.aS<_s____l__________
_ RATRC-SBE FE8IRET
T AY PRI b e e o ot S B B B
N
] "8BRBRB 2BEIHAR
noBaSEoﬁ e e S S B B B
; BRLBRTR IRSASREE
WERIEYL S L0 20T 0
mond | SB5I838 88535
.ﬁmhwwwaﬂgqu_:_________:
T, |, 05EEES SBILER
mMm " aknRlnE §55858Y
EHE i [NIRSTE ZIRRANI
D+ 2 be on
> =] 4
=}
_ Gt o B e o i R O
S e o
5 s R
3 BiBii iy
am s e
QAN = e
X8 RRR ERBRLLS
duwp | 8 B

c=+088

a=+%4%0

Chronnmeter correction at 18% 06=m

—2m (922202022
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

Station : NoRFOLK ISLAND.

TRANSIT OBSERVATIONS.
Date, August 25th, 1903,

119

Observer: F. W. O. WERRY.

B g g

ety 3 c §§

Transit (5= | £ JESge g8

: Star. over meanof] ©g| =2 & = 2% R.A. §° v,
= threads. (= S olg 8 § Bl a g0
é egal 8 | & $ | 2|8 £
= 4 8] d? < (o (5,
h. m, s 8 8. 8. r=5; -g5| & h.m. 8 |m. s 8.
E [n Pavonis 17 38 42°21 4+ 04| + 51| + 04 +°36(— '04] 43°15( 17 36 18°21-2 24-94]—-01
A R 41 08°21 +°02{ —-22| 402 #+ 85| — '02| 08'36 33 43°46 ‘90( - 05
246. . £ ok 45 07°06 +°01] — 87| +.02 + 80| - "02| 0700 42 41°98) 25°02|+ ‘07
Sl e R . 56 0895 +°02| — 1) + 02 + 26| — 02| 09°10] 53 44°13) 24°97/+°02
T e R MRS 18 056 12°66; + 01| — 25| +°02 -+ 201 —-02| 12-62 18 02 4775 ‘87!~ 08
RRRG02: . 10 25°82| +°03| — 08 — 02 +°171— 02, 25°92 08 01°00 92{—-03
e Sagittarii 20 12°57| +°03| + 05| — 02 +12[— 021 12°73 17 4774 99| 404
283... .........| 19 53 01°75 +02 —-28) —-02 — 43/ —-02( 01°07| 19 50 36'12 ‘95| ‘00
B e s e b6 55°50) +-02| — 81| — 02 —441—--02| 54'73 54 29°74 ‘99| + 104
¢ Sagittarii..... 59 10°86| +-03] — 01 —‘02] —*46/— 02| 103 56 45°45 93— 02
a=+*398 ¢=+%016
Chronometer correction at 185 40m = —2m 245-934-45°011
W (287 . .. .. .| 20 08 47-07| +'02( —-19| - 03 +°19(—-02] 47°04|- 20 06 21°32/-2 25-73| + 08
e 15 09°62; + 03| —-11| — 03 + 15| - -02| 09°54 12 4388 *66|+ 102
s e T ~18 02°79| +°03| —-10{ — 03 + 13| - 02} 02° 80 16 3720 60| - ‘04
a Pavonis ..... 20 28°81| + 05! +°34) — 05 +'12{- 03] 29-24 18 0363, 61| —--03
L i e el e 31 03°92| +°02| — 26! —-03 4+ 06| - "02| 0368 28 38-03 86|+ 01
2t AR R G 35 29°27| +° --28| — 03’ + 02| —-02| 2898 33 03°33 T8h+ 01
L P S 44 54°74| + 08| —.13| +°'03 - 03| - 02| 5467 42 28-99 ‘68| + 04
i Aquari, ... ... 49 54°565| +°08| —°13| + 03 — 05| — 02| b1'46 47 28°86 60| - 04
QU7 B no L .. 52 54°96| +°05| —-37| +03 - 07| - -02| h4-58 50 28°94 64 -00
1 Piscis Aust. ... 57 50°11| +-09| +-03| + 03 -~ 10{ - 02| 5014 65 24°47 ‘67|4--03
9 Capricorni....| 21 02 58°98| 4 ‘08| — 08| + 03, — 13| - 02 58°86( 21 00 33°34 ‘b2 — 12
10 R AR 06 47°93| +-08| — 12| +-03 --14|- 02| 47°81 04 22°18 63| — 01
304, .. ...... 13 27°91| +-07r — 22| +°03 — 19| - *02| 2758 11 01°93 65+ 01
01 Microscopii.. . 17 03'23I +:10| +°11; +-04 — 22|02/ 0324 14 37°48 ‘76{+ 12
a=+*30 ¢=+°%027

Chronometer correction at 20b 40m=—= —9m 25%°645-+-=+'013



120 DEPARTMENT OF THE INTERIOR Y

5-6 EDWARD Vit., A. 1906

TRANSIT OBSERVATIONS."

Station : NORFOLK ISLAND. Date, August 27th, 1903. Obeerver: F. W. O. WERRY.
DR = . -
(] g
i.‘:’ g : g'*g’
Transit |52 (o 2 g "6‘5 cg
: Star. overmeanof, %#| & =2 8 2% R.A. 88 |
% threads. |22 2 | 3 E B8 . g
& 0.64 'g = ga
5 3 8| & | = S
h. m. = 8. 8, 8. ,-=s.'_ -30] & h.m 8 jm. s | s
E \ Sagittarii. .| 18 24 42:76) — 08 — 04| +-03 41803 4283 18 22 02'491-2 40°34] 00
2 Aquile. .. ...| 394144 —07| 17| +°08] 410/ 03| 41'31] 37 0095  36l+-02
263.. . ... 4412:66 --05| —-41| +-03| +-08—-02 1229 4131'97  -32/--02
X Pavonis ... .| 4559'20| 13| 460 +°06] +-07|—-04| 5976 4319-41|  -35/+-0L
L ..| 515896 —-08] —-01 +:'03 +-04--02( 5892 49 18:56|  -36/+ 02
WS L b7 56°87| — 07| 36| —-08  +-0L--02( 56:40] 551699 ‘3108
- T, . | 19 03 40-96| —-07| --35| - 03| --02/--02( 40'47 19 01 00-05|  -42(+ 08
¥ Sagittarii_....| 12 19:68| —-10( —-04| —-03| —-06|--02 1943 09 39-21| 22— 12
R .| 155964 ~-07| --33) --03| --08--02| 59-11| 131880  -31/--03
B.3.C.6632.....0 224608 — 14| +-37| --05| --12(-08| 46°09) 20 05772  -37|+ €3
@ Vulpeculie....| 27 24°20) --06) 45| —-03 —°13--02 2351 24 4314 87|+ 08
a=+%506 c=+%028
Chronometer correction at 19t 00™ = —2m 40¢- 33912010
TRANSIT OBSERVATIONS.
Station : NoRFOLK ISLAND, Date, September 29th, 1903. Observer : F.-W. O. Werry.
4% g g
Spy g ;| 2 §§ r
Transit |55 , 2 B 185 gk
; Star. over mean of| ® & £| £ =5 E|l=g R. A. 8g | v
& threads. |z 2.9 g § ; g 3 g
E =g 8 3 2 2 gu
) A < |3 & <|% o
‘ h. m. s 8. 8. 8 r=s_.' -0l & h.m s 8. 8.
E615..... .. ....| 2141 52:68] +-04 — 06 —'15  +°19(—-02| 5268 21 41 44°68 -08'00'— 06
616.° .0 ...l 22 01 23'49] +-01| —-07| —-14  +°09(- 02| 23'36 22 01 15-38) 07°98 - 08
312. 02 4166 00| —26| —'15  +-09|- 02| 41'32 02 33-23| 08:09 + 03
314, ‘ 05 30-07 +.01| — 16| — 14|  +-07|--02( 29'83| 052182 08°01 — 05
a Toucani. ... 120412 +°01) +°31 —-29)  +°04|- 04/ 04'15] 115600 0815 +°09
1 — <o 1850051 4+-01) ~°13 —-14|  +°02|-°02| 50°25 16 42°21| 0804 —-02
m Aquarii..... 20 31°25| +°01 — 14| — 14 *00(— 02| 30°96! 20 22°86/ 08°10]+ 04
25 4245 ~03) - 09| +'14| --03'--02| 4243 25 34°38] 0804/ 02
30 3394 03 —-14| +-14/ —-05- 02 33-84| 302579 0805/ 01
370434 — 04| +°14| +-21| —-08/-'03{ 04-54] 36 5662 08'02— 04
42 0354 ~ 02| - 25 +-15| —-11/-C2 03-29( 41 56'16) 08'13(+ 07
45 31°34| — 02! --25 +°1B —13|- 02| 31-07 45 22°96| 08°111+°05

a=++289 ¢=-""140
Chronometer correction at 22b 20m = — 84-059-+2°014.
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Observer: F. W. O. WERRY.

Date, October 1st, 1903.

Station : NorroLE ISLAND.
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o= ~+076

a=+3527
Chronometer correction at 228 50m = — 275 219-+021
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DEPARTMENT OF THE INTERIOR -

TRANSIT OBSERVATIONS.

Station : NoRFOLK I8LAND.

Date, October 2nd, 1903.

ix

6-6 EDWARD Vil., A. 1906

Observer : F. W, O, Wgrry.

N

2% 5
ja . § 81
< o i
Teansit (8= | . | 8 g, §
: Star. over mean of — 8 & £ % Zlag| R A ».
& wresds. [S22) B | 2 | 4 FIid g
K] o Q i ] §
£ QS 14 (8] & | =& 8
h m. s 8. 8. 8. r=a_' .35 & b m. s 8. CR
E 616.. .| 22 01 60°88| -00| ~-11] —°10 + 16~ 02 50°81] 22 01 15-35| 8k 4614 07
3 SR 03 0893 00| —-38] —-10 + 16/~ 02 08'59 02 3320 . ¢ 00
L RS 05 57°51f 00| — 24| —-09 + 14 - 02 5730 05 21°%0 5411
o Toucani 12 3094  -00| + 46| —°19 <4111 - 04} 3128 11 55693 35— 04
........... 17 17°71]  -00] —-20] —~-09 + 08 ~ 02| 1748 16 42°18 -30)— 09
x Aquarii ..... 20 58-49) 00| —-21) —-09 + 05|~ 02! 58-22 20 22°84 38— -01
W 8 Gruis........ 37 31-68; —'06{ + 20| 414 - 04, 03] 31-89 36 56749 401+ 01
B2 e e o b5y e 1y 42 30°89] 03] —°37| +'} ~ 07|~ 02| 30°50 41 55°14 86— 03
R 48 1242} — ‘04| — 15| +-09 —"10{ - 021 12.20] 47 36°72 431409
G180 i 50 09:19] — 04] — 10 + 10 — 12|~ 02| 09-01 49 33-64 87— 02
SRR e 23 00 35°11}. — 03] — 30! 10 ~ 18| 02| 3468 59 59°33 ~ 8- 04
BE0 e T 04 55°60| —-04] — 06| +°10 —'20]—"02| 55-38( 23 04 20°02 ~36]--03
a=+*420 c=-""0M4

Chronometer correction at 22b 30m = — 35" 3881.*°013




ix REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

123

Station : NOBFOLE IsLAND. Date, October 3rd, 1903. Observer: F. W. 0. Werry.
&8 g g
g 8
> d )8 8
Tra-sit EE 3 2 § S fa‘g
: Star. overmeanof| & | € a 2 |ag R. A g E | v
& threads. |@P 9| & Kl s & ag
g >l 8 5 g 2 e
K oo B '§ ° <} 2 §& g
o ] g (&) -1 < |®
h. m. s 8. 8. 8. r_:; .38 & h. m. s 8. 8.
W g2 Miemsoopii.. 21 15 18-76] ~ 02| +°12[ +: + 22| - -02] 19°21} 21 14 37°11] -42'10|+°19
: Capricorni. ... 17 35°88] — 01| ~ 09| + 12 4+ 21— -02) 36:09 16 54-11( 41-98|+ 07
Pavonis. .... 19 11°59 - 02! + 62| +- +20{- "04{ 12'62 18 30°67 *95] " 04
) o S RPN 21 52:92] —-01| — 0B +* 418/ —-02| 53-14 21 1118 *961 -+ 05
ST PRS- 27 12°26) - 01| - 16| +-11 +15{— '02{ 12-33 26 3041 921+ 01
£ Aquarii.. .... 83 20°56{ — 01 — 16| +°11 + 11}~ 02} 2060 32 3865 954 104
il G 22 01 §7-48] + 05 —'11] -1k ~071— 02} 57°22| 22 01 1534 *88i ~ 03
el i 03 16°61) -+°03] — 38 —-13 - 08| - 02| 15°0¢4 02 33-19 -85 - ‘06
MRl ke 06 0404 -+ 04 — 24| -°11 — 10/ - 02} 03°61 05 21°79 82—~ 09
a Toucani ., 12 87°88| +°09| +-46] — 23| —“14i— 04| 37°67 11 55°91 78— 16
............. 17 24°66| +04] — 19| —11 -17}-02| 24°10 16 42°18 ‘92401
m Aquarii . .. . 21 05°24| +°04| -2l -1} —-20|--02{ 04'74 20 22°83 91} 00
a=+423 e=-¥111
Chronometer correction at 21b50™ = —415° 9151018
E ¢ Aquarii .... 22 26 16°59| +-06; — 13! — 08 + 28|02 16-70; 22 25 34°32| —42°38|- 02
320. .. 31 08°22 +-06] — 19 — 08 + 25| - -02| 0824 30 25°76 4814 08
B Gmis ...... 37 38:45) +°09 +°19) —'11 + 21}~ *03] 38°80 36 5648 ‘32| - 08
1574 et N, 42 37°80) +-04) — 35 - ‘08 + 18|~ 02| 37°567 41 556°13 “44] + 04
u Pegasi........ 46 05°49 4+ 04| ~ 3G/ — 08 + 15| - 02| 05-22 45 2293 20 —-11
¢ Aquarii. 23 10 04°12) + 06! ~ 16 —-08 00— 02! 03'92) 23 09 2147 45|+ 06
~ Toucani....... 12 32°45{ + 11 +°39) - 15 ~01{--04] 32°75 11 50°29 ‘46(+ 06
PTG 22 43°80 — -0 --20! +-08 ~08) — 02| 4356 22 01°15 41401
OB i 35 44°11) —-02] — 28 + 08 ~-16/—"02 43'76 34 6128 481 +-08
L5 PR e ead 38 2762 — 02 — 10! +'08 ~ 18] - 02| 27-388 37 45°06 32|~ 08
1 Aquarii...... 39 56-42| —-02( - 08 + 08 — 18|~ 02| 56°20 39 1380l ‘40{ 00
h 3

. e=+v406 o=-~077
Chronometer correction at 23%10m = — 42 40445020
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5-6 EDWARD Vil., A. 1906

TRANSIT OBSERVATIONS.

Observer: F. W, O, Werey.

Date, October 8th, 1903.

Station : NorroLk ISLAND.
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Chronometer correction at 23t 30 = —1m 2834519015
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SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Station: NorroLk IsLAND. Date, October 11th, 1903. Observer: . W, O. WERRY.
&5 ] 8
B= 8
o> 4 (e ok
Transit (82 .| . | .2 Els,; §§
’ Star. overmean of "z 2| © S B le R.A. g g .
& threads. |3 5.2 g | & S - § g
g - <] ey § .8 g-ﬁ -1
5} & < |38 < 8
h. m. s 8. 8. 8 r___i‘.22 8. h.m.s |m 8 | 8
E [y Gruis......... 21 50 01 85| +-12{ +-08( — 20 +'15({~ -02{ 01-48/'21 48 06°93 -1 b4 55{+ 08
T el e T 22 03 09°85) +°09] - 11| - 16 4 10| - *02{ 09°75! 22 01 15°25 *50 403
SRR g g 04 27°81] 406 - 37) ~-17 +°09| - 02| 27-40 02 8309 *311—~ 16
17 RN Sl 07 16°46] +°08] —23| 16 + 08| - 02| 16°21 05 21:70 *51(4 04
o Toucani....... 13 49°79| +°17) + 45} ~ 32 o 06] — "04| 5011 11 55'72 39| ~ - 08
« Aquarii..... i 22 1757 +°08| - 21| ~ 16 +03| - 02| 17°29 20 22'75 ‘b4 +"0F
¢ Aquaril......, 27 28°94| +°09{ - -13] - 16 + 01} - ‘02| 28-73 25 34°24 491+ 02
W (8 Grais .. .... 38 50°49| — 05| +°20| 423 —+03{ - 03[ 5081 36 5637 ‘44) - 03
RRREIS 5319 v st 43 49°78] — 02 —-36] +°17 — 05! —- *02{ 49°50 41 55-07 *43( - 04
1 Pegasi. . 47 17°69; 02} —-37| 417 - 06/ —02 17:39 45 22°89 50+ ‘03
R20. .. s # 49 31-28| — 03| — 15/ +°16 -07!-02| 31'17 47 36°66 51|+ 04
AT el b1 28° 18| — 03[ —"10{ +°16 —08 —~-02| 28-11 49 3358 53|+ 08
329. . 23 01 53°92| — 02| —-30| + 16 - ‘11\— ‘02| 53°63 59 5928 '35~ 12
R el Lo s 06 14'53| — 04 - 06| +°17 - '13I—» ‘02 14°45] 23 04 1998 47! 00

i

a=+%416 ¢=-*156
Chronometer correction at 22k 302 = — 1m 543 4681-+'016

06 14°53| 03| —'08| +°16 +°16|—-02) 14'71| 23 04 19-98{-1 5473/ - *
11 16°08) ~'02) — 24/ +°15 414/ ~*02] 1609 09 2144 "65| -
13 44°05] — 04| + 58 +°15 +°14) 04! 44°84 11 5018 66| — -
89 3979 ~-02 —-12 +°15 +"04| - *02} 39°82 37 45°04 78+
41 08°563| ~-03| —-16/ 415 + 03(~ 02 08°51 39 18-78 13-
45 60°66| ~ 03| —-01) +°17 + 03|~ - 02| 50°80 43 55-91 89+
00 44°77) +°06] —~"12r —-15 ~ 04} - 03} 44°50 58 49°79 T -
02 20°88! + 06/ —24} —15 ~ 04} - -02) 20°49) 24 00 25°83 *66| -
16 59°76| + 13| + 87| —°3b ~ 10/ — 04| 60°27 14 656'53 T4 -
22 24°80| +°06] ~-81] — 15 ~12{--02{ 24°26 20 29°47 79+
27 04:24| +°06) — 26| — 35 ~14{—02] 0374 25 0888 *86|+
32 14°26] + 06| ~-28] - 15 ~16{~--02{ 13- 74 30 18-95 9+
34 20°44] +°07) ~-04) ~-16 ~ 16| - 02| 20°13 32 25°27 *86(+

a=47609 o=-"146
Chronometer correction at 23" 50m = ~1m 5477042017
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5-6 EDWARD VIiL,, A. 1906

TRANSIT OBSERVATIONS.

Date, October 12th, 1903.

Station : NORFOLK ISLAND.

Qbserver, F. W. O. WERRY.
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Chronometer correction at 22b 835m = — 2m 000 877-+-% 009,

a=4*440
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Chronometer correction at 248 20m
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8B8/ERIZ 5358288 IBIZ83T

Observer, F. W. O. WERRY.

REPORT OF THE CHIEF ASTRONOMER
TRANSIT OBSERVATIONS.
Date, Ottober 16th, 1903,

—3:304

[

+4°628

a

Chronometer correction at 24k 05m = - 2m 275982 5015

Station: NorrFoLK ISLAND.

SESSIONAL PAPER No. 26b
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Station: SoUTHPORT.

DEPARTMENT OF THE INTERIOR

TRANSIT OBSERVATIONS.

»

Date, September 25th, 1903.

S

1X

6-6 EDWARD Vil., A. 1906

Observer: Orro Krorz.

&% I g
oy £
e g ; | 3 28
Transit (S~ | . 2 Rl ¥ ]
A Star. over mean of| * g £| & 1 s | = R. A, g v,
= threads. = =8| & L £ B
g - lBeE B 24 | &g
& 2 0 B 3 B
o K < |81 & |<|3 8
o S ==k
h. m. s 8. 8 8. rz_s_'.ﬂ & h. m. s 8. 8.
* E |p Aquarii. . ..1 20 46 556°57) +°10] - 03] — 25 +722 — 02, 5b b9 20 47 28°61[+ 33-02(— ‘01
32 Vulpecule . .. 49 55°83) +°06) —09] —'28 + 19 —~ 02 b5 69 50 28°66] 32°97(+°04
Capricorni....| 21 00 0014 +°10} —-02) —'26 +'14:—'02 00°08] 21 00 3313 33'05|—-04
¢ Cygni.. .. 08 18-91| +06] —-09| — 28|  +-10'~-02| 18-67| 08 51'70| 33-03|— 02
« Equulei ...... 10 28:95) +08) — 0B - 25 + 09 — 02| 28:80 11 01°79 32°99]+°02
W {8 Aquarii ..... 256 57°55) —19] ~'04! +°25 +’02!— 02| 5757 26 30°55] 32-98!-+°03
£ Aquarii, 32 05°74] —19] —--03] +'25 —-02 — 02| 0573 32 38°73; 3300|401
¢ Pegasi . . 38 b5'71] — 16| —"06] +°25 - 05— 02| 5567 39 28-68, 33'01 ‘00
a Toucani . 2211 22°99] ~ 34 +°10| + 52 —*22(~ 04| 23'01| 22 11 65606 33-05/— 04
a=+*088 c¢=-*251

Chronometer correction at 21» 28m=4-33*'010 +*°008




ix REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Station : SOUTHPORT.

Date, September 29th, 1908.

Observer : Orro KroTz.

129

4% ¢ 4
L] g o
Transit ?E L 2 £ k= 3
. Star. over mean of| ®'¢ £| & S e R. A é 7
2 threads. |— 22| § g . E |3 8 8
g gg"g_‘ E = & P_g 85 g
& K 4 | 8 & < &
h. m. 8. 8. 8. 8. r___'i. 40| = h. m. s. 8.
E 20 36 16°66] — 08/ + 68| — 32 24| —05[ 1713 20 36 18°15 +061°02]+" 11
42 19:60[ — 02| —-69] —18 -+ 20! - *03] 18°98, 42 20°17 19| -
47 27°58| — 04| —-14] — 13 + 17| - "02| 27 47 28°56 ‘14 —'01
: 06 23°00] — 05| +-04| —°15 +11]—-"02| 22°98 55 24'15 +220~-09
21 00 32 03] ~'04; — 08 —-14 + 08| —*02( 81-83| 21 00 33°08 25| - 12
04 21°08| — 04| —-12| ~13 + 05| ~ *02; 20°82 04 21'9%4 “12{4 01
08 51 14] —-03] — 42| —°16 + 03] - "02| 50°55 08 5163 08|+ 06
W |y Pavonis ....... 18 29°16] —"43; + 66| + 31 — 04/ - -05| 29-61 18 30°81 20/ - 07
Capricorni .. 21 10°42] — 25 — 04| +°14 — 06, — 02| 10-19 21 11°28 09304
Aq\larn...... 26 29-821 — 21| - 17| +°13 — 09| - -02| 2946 26 30°51 05|+ ' 08
£ Aquarii ..... 32 37°94| — 22 16| +°13 - 13| - 02| 37°55 32 38-69 ‘14| - 01
e Pega.st........ 39 28-08) - 18] —-27! +°13 - 18]/~ '02| 2756 39 28:64 *08] 406
3 Capncorm 41 44°09| -°23 - 09| +°13 —°19{ - 02| 4369 41 44°'72 03]+ 10
y Gruis.. v 48 06°15] —°29| +°10| +°16 ~ 24l -02| 05°86 48 0710 ‘24| ~-11
]
a=+v87  o=-+129
Chronometer correction at 2{h 12m = - 1#-1324-#° 015
W |« Piscium ..... 128 22 01°24| —'13{ ~ 25 +°10 -!-‘29—'02l 01-23| 23 22 01°20| —-00°03|--03
¢ Pheenicis..... 29 5497 — 19| +°19 +°13 + 25| - 03| 6632 29 55°14 18|+ 12
¢ Piscium ...... 356 01°50] — 12| — 28| + 10 +20)— +02{ 01°38 35 01-30 -08(+ 02
5 Sculptoris 43 55°99| — 17| +°01| +'11 + 15— "02| 5607 43 56 0L 06 ‘00
» Pisclum....... 54 23°76] — 12| —-29) +°10 +-08[— 02| 2351 b4 23°48 ‘03|~ 03
% Clotl: .ivannein 58 49°91| - 15/ - 09| 410 + 05| — 02( 4980 58 49'79 ‘01|~ - 06
v Pegasi ....) 24 08 18°54) — 11| —-41] +'10 —01|--02 18'()9l 24 08 18-23 +14—-20
E |8 Hydri........ 20 43°77| 4+ 48[4+1-85| - 46 — 09| — 09} 45°46 20 45°45 ~'01}~-05
T2 0ot ovie. 25 09-34| +-14| - 21| —-10 —13{- 02| 09.02 26 08°90 ‘12| 406
€ Andromedm K 33 30°69 +°10] —'49] — 11 —-18| - 02| 29-89 33 29°85 ‘04)~ 02
B Ceti.. 38 47°03| +161 — 09| —10 - 21} - 02| 46°77 3 46°72 *05(~ 0L
3 Piscium...... 43 43-28| + 13} —-30 -10 —25|— 02| 42'74 43 42° 65 09|+ 03
20Ceth.......... 48 07°24) +°14| — 23| —'10 ~ 28] - 02| 06°75 48 0661 14} + 08
. Andromedee ., 51 27 52| +:08] - 60| — 12 -- 29| - 02| 26°567 61 26°56 ‘01| - 05
a=+%513 c=—%097
Chronometer correction at 24b 06 = —=*0561-+"015

25b—9
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Station : SOUTHPORT.

DEPARTMENT OF THE INTERIOR

ix

5-6 EDWARD VIi., A. 1906

TRANSIT OBSERVATIONS.
Date, September 30th, 1903

Observer : OrT0 K10TZ.

4% g | §
IS . .| 8 -
Transit 'EE S 5 8 g%, gg
] Star. overmesnof *'z 4| £ @ s R A §3 v
=3 threads. 22| £ | 8 ; 2 'Sg g
s '> Fa 'g % 3 .8 90 E
5 & 218 |4 |42 5
h. m. s 8. 8. 8. o .gy7| & h. m. s 8. 8.
E |B Pavonis....... 20 36 27°98; +°04| +°68 —°17|  +°26|- 05 28-74] 20 36 18'46] —10°28] - ‘04
¢ Cygni .. 42 30°80, +°01| —-46| —-08] +-21|-'02| 30°46] 42 2015 -31{- -01
« Aguarii .. 47 38-93| +-02| —-14| —-07|  +°17|--02| 38-89 47 2854 -85+ *03
T Piscis Aust...| 55 34'45 +03 +-04| —-08 +-11/— 02l 34-53| 852414 39307
v Aquarii.. 21 04 32:39, +°02{ —-12| —-07|  +-04/--02 32-24| 21 04 21-92 -32| 00
¢ Cygni....... 09 02.45, + 02 --42‘ —-08 -00{—-02| 01-95. 08 51-63 -32| 00
W [y Pavonis....... 18 40'77[ —-36| +'65 +°16 07|~ 05! 41'10] 18 30°78 -32| 00
¢ Capricorni....| 21 21°87] -°20, —-04 +-07| —-09/--02 21-59| 21 11'27 -32 -00
B Aquarii...... 26 41°21) - 17| —-16l +-07| --13{--02 40°R0] 26 30'50 -30{- 02
£ Aquarii...... 32 49°50) — 17| —-15| +°07]  —-18/—-02| 49°05| 32 3868 371405
€ Pegasi.. ... ., 398331 —-15| —-27| +°07| -—-24/--02 3890 392863 27| - 05
& Capricorni....| 41 55748/ —-19| — 09| +-07| - —-26 —-02) 54'99| 41 44°T1 -98| - -04
a=+%436 c=—*037

Station : SovTHPORT.

Chronometer correction at 21k 09m= —10°'319 +* 008

TRANSIT OBSERVATIONS.
Date, October 1st, 1903.

Observer : OrTo K1LOTZ.

&' g g
B ) . 8 §~g
S g :
Transit E-_: i e § ¢, 39
. Star. over mean of| "~ :5[ < s s | =5 R. A. E § | »
E‘ threads. |3 =_E g & $ £ ¥z §
= 282 3§ 3 3 2 §3 1]
h. m. s s 8. 8 | .psl s s. |b m s 5. s.
E {¢? Aquarii...... 23 04 43°82) — 03] < 03] —'15 4+-40({- 02} 43°97 23 04 20°06 —23°91 + 02
y Toucani...... 12 13°81| — 05 + 40/ —'26 +°31|- 04 14°17 11 5031 ‘86 — 03
7 Pegasi....... 16 18°02f —-02| - 35| --15 +'28)— 02} ITT"76 15 53°901 85 — 04
k¢ Piscium...... 22 25°22| - 03 —-20] -'14 +-24] 02 25-07 22 01°20 87 - 02
+ Pheenicis. ... 30 19°04) —04] +-15) —19 +17)--03 1910 29 5513 97 +-08
¢ Piscium ,.... 35 25°43| - 03 —-22 14 + 12— 02! 25°14 35 01°32 ‘82 - 07
5 Scniptoris...| 44 20°03) —-03) 00 -*16] +04- 02| 19°86] 43 55°96 90 +-01
W w Piscium...... 54 47‘52‘ +:01) -'23 +°14 ~ 04102 4738 54 23°49 ‘89 ‘00
y Pegasi........ 24 08 42°45 +-01! —-29) +°14 --15 — 02 42°14 24 08 1824 *90]+ 01
v Ceti......... 14 56°78 +°01] —°13 +°14 —922 — 02 5656 14 32°68 88— 01
8 Hydri....... 21 07°52 +°03|+1°48, +-65 — 28] - '09& 0931 20 45°43 88~ 01
12Ceti......... 25 33°21 401 --16] +'14 --31 ~ 02 3287 25 08" 90 97|+ 08
€ Andrumedae..’ 33 5436 +‘01l -39 +°16 == 40l— '02[ 5372 33 29°86 ‘86 - 03
| ! ; i
a=+"409 c=-°"137

Chronometer correction at 23" 49m = - 23+ 800+ 009



ix REPORT OF THE CHIEF ASTRONOMER 131
SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.
Station : SOUTHPORT. Date, October 2nd, 1903. Observer: O1rro KLoTZ.

29 : 4
oyl E
f;' I o 8 E'g
Transiv (82 | . | & § %5, o
4 Star. over meanof| = s B £ | & R. A B8 | wu
= threads. |5 28| g 5 5 g2 g E
g S8 § g §~
2 § ] =
3 K < | 8| & | < §
h. m. s o B 8 g _s_.596 8. ik hem 8 8. 8.
E |p Aquarii...... 20 48 03°00] - 01| - -16] ~ 16 +37(—-02] 03-08] 20 47 28'51| —34°52|+ '08
32 Vulpeculw...| 51 03:22 00| — 45| —-18|  +'34/--02/ 02:91 502854 37|07
1 Piscis Aust....| 555845 —OLl + 05| ~19|  +°30{- 02| 58'58| 55 24'11|  -47/+°08
6 Capricorni ...| 21 01 07-50| —01) — 09| - 16| 24|02 07-46 21 00 33-04/ 42|02
. |pAquarii....".| " 0456-49) --01 —-14| --16|  +°31|--02 B6-37| 04 21°89) 48404
yPavonis...... | 19 04'78) --02) +°73| - 38|  +06|--05 05°12) 18 30-70|  -42|--02
W {8 Aquarii.......| . 27 05°385] — 32| — 18] +°16 —02|- 02| 0497 26 30°48 "491 4 05
¢Pegasi.... ....| 400346/ —°19| - 30 +'16|  —-15/--02| 02'96| 39 2860 36|08
3 Capricorni . ..| 42 19'53) — 25| —"10{ +°16|  —°17|- 02| 19°15] 41 4469 46{+ 02
a Aquarii .......| 22 01 26°61| --22| — 22| +°16]  — 36/ 02| 25°05 22 00 51'50| 45|01
aGruis...,.. .| 024592 —-35| +'24) +'28] --37|--03| 45°64] 0211'20] ‘44 .00
!
a=+548% e=—2156
Chronometer correction at 21+ 25 = — 345'442-1--012
W |a Pegasi....... | 23 00 34-96] +°0b] —30| +°07 +54|- 02 35°30| 22 59 59-36| —35-94|— ‘01
¢? Aquarii...... 04 55°47| +°07) —'05 +'07 + 50| — "02] 56°04] 23 04 2006 ‘98403
T egast. Lok e 16 29°73| + 04| — 36| +°08 +38|- 02| 29°85 15 5391 *94(- 01
k Piscium... .., 22 36°87| +:06] — 20| +-07 + 32| — 02| 3710 22 0119 91l —-04
30 30°60{ +°16| + 16| +-09 +°24 — 03| 3116 29 55°'13] 36°03 +°08
35 3714 +°06] — 23| 407 +°19 —-02; 37°21 35 01°30| 35'91 — 04
44 31°70| +°07 *00| +-08 410 - 02} 31-93 43 56°01 ‘92 - 08
04 02°98| + 06| — 40| — 08 —°10| - -02| 02-44| 24 03 26°44| ,36°00,+ 0D
15 08°99) +'09| — 14| - 07 —-21! - 02| 08-64 14 32°68] 35°96|+ 01
21 20°24| +°29+1°53| —-33 —~27|- 09| 21°37 20 45° 44 ‘93 - 02
25 45°85| +°09| - 17| — 07 — 31— 02| 44-87 25 08°90 07+ 02
34 06°62| + 06| — 40| —-08 — 401 —-02! 05°78 33 29-87 91— -04
44 19°39| +-08f —-25{ —~ 07 —50,— 02| 18°63 43 42-67 461+ 01
48 43-31) + 09| —-19( --07 — B4 - 02| 42°58 48 0663 ‘95| -00

a=+%424 ¢=->009
Chronometer correction at 23b 54m = — 352°952--5007

25b—9%
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Station : SOUTHPORT.

DEPARTMENT OF THE INTERIOR

X

5-6 EDWARD Vil.,, A. 1906

TRANSIT OBSERVATIONS.

Date, October 3rd, 1908.

Observer : Orro KrLoT2

£ g g
> . g k:
Transit E:’ b .5 B8 §
8 Star. over meanof| ~ « Z| & 2 = | 2% R. A. g v
2 threads. |5 2.9 E B s £E1E g g
E 2Se § |8 | § | 2|88 2
3 3 < | S = |9 |3 =
h.m = { 8. 8 B | i 49! = b. m. s 8. 8.
E {a Pavonis...... 20 18 49-96| +°07| + 30| —°25 +'34|— 04| 50-38] 20 17 62°78] —47°60,— 01
elndi ... ... 31 36°00| +-06] +°17) ~-20 + 23| ~ 03| 36-23 30 48°50 78412
a Delphini. .... 35 5867 + 03| —-24) —°14 + 20| - 02| 58°50 35 10-87 63|+ 02
e Cygni.. ...... . 43 0801 +-03] —-36/ —'16]  +14/—-03| 07-63] 42 20°09 “54{ — 07
0 Capricorni....| 21 01 20°73 +°G5| — 06| — 14 - 01|~ 02| 20-55 21 00 3303 *52( - 09
» Aquarii. ..... 05 09°73( +°04f —°10| — 14 ~ "04( — 02| 09-47 04 21°88 59| - 02
W |y Pavonis ...... 19 1762 — 07| +°50 +°33 —~ 15|~ -056{ 1818, 18 30°67 51~ 10
¢ Capricorni ... 21 58°97| —-04] — 03] +°1b — 17| - 02| 5886 21 11-23 *63)+ 02
8 Aquarii.. .... 27 1834 — 03| - 12| +-14 —21|--02| 1810 26 30°46 64+ 03
£ Aquarii. .. . 33 26°66] —-04] —-12) +°14 —27|— 02| 26°34 32 33°65| ‘69| + ‘08
e Pegasi ........ 40 16°71{ —-03| —--21| + 14 —32(— 02| 16-27 39 28-59 68|+ 07
& Capricorni.... 42 32°65| —-04| —-07| +°14 — 34| - 02 32-32 41 44°68 64|+ °03
a=+"340 e=~-1136
Chronometer correction at 21t 00 = — 47261542015
W |0 Aquarii. . 2226 22°71) —-04f —°13] +°11 +87| - '02] 23-00| 22 25 34°32| —-48°68| 00
7 Aquarii. 5 31 14°31) —-04) —°20j +°11 +°33|- 02| 14°49 30 25°79) 701+ 02
8 Gruis 37 44°63 —-06) +°22 +°16 + 28| — 03 45°20| 36 5647 73|+ 05
7 Pegasi,...... 39 19-82} —-03)| — 43 +-12 + 26 - '021 1972 38 30°99 73|+ 05
e Gruis .. . ... 43 33:77| - 06 + 29| +°17 +°24/— 03| 34'38 42 45°78 60/ - 08
a Pegasi........ 23 00 48°'17] - 03| — 31| + 11 +°09( — - 02| 4801 59 5936 65| — 03
E |y Toucani 12 38°54) + 33| +°43; ~-21 - 01— 04| 39-04| 23 11 50°28 6 407
« Piscium....... 22 5012 +°17| --21] --11 — 09|~ 02| 4986 22 01-19 ‘67 —-01
¢ Piscium. ... . 35 H0-35) +°17| — 24 -1l — 20| — 02 4995 35 01°30 65 - 03
& Sculptoris. , ... 44 44°81; +-21 0 - 12 —27|- 02| 44°61 43 56°01 *60 — 08
¢ Pegasi .... .. 48 26-31! + 14| — 34 —'11 ~'30| — 02| 25°68 47 36°98 ‘70 +°02
@ Piscium .. 556 12 71| +°16) —-25 ~*11 — 87| —-02[ 12-12 54 23°48 ‘64 — 04
a=+¥439 e=—*108

Chronometer correction at 23® 11m= — 485676 +2"012



X

REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b |

Station : SOUTHPORT.

TRANSIT OBSERVATIONS.

Date, October 6th, 1903,

13

Obgerver : Ot10 KLOTZ.

= = 5 "
> 3 g
Transit '8;‘-_3, b e .é BB, gg
A Star. over meanof| s @ £ S| ag R. A. §§ v,
& thooads. (52| 2 | 8 | 4 | E|E4 g
2 s°A 8 | 3| 3 |25 gﬁ £
(6] =] b < < [&]
h. m s ER 8. 8, rzi‘ 40| & bh.m s |ms 8.
E ¢ Aquile...... 20 07 40°87 ‘00| --15( —-10 + 19! - *02| 40°79| 20 06 20°84/-1 19°95{+ "01
a®Capricorni ... . 14 03°39 ‘00| —-09) —-10 +.+156| — " 02| 03°33 12 43:40 931 — 01
8 Oa.pneorm 16 56°69 00l —-08) —--10 4 13| — 02| 56-62 16 36°76) 861 — 08
a Pmoms TR 19 22-45 00} +°29 —-18 +11{--04] 2263 18 02°69 ‘941 00
eerorm 24 42-83| ‘00| —-08| —-10|  4--08| - ‘02| 42-73| 23 2283 -90| - 04
phml.... : 29 57-81 00y —-21) --10 4+ 05] — " 02| 57°53 28 3758 95|+ 01
a ERAL g s 32 08-42 ‘00| +°16| --16 + 03— ‘03| 08-43 30 48:43]  20°00|- 06
W |8 Pavonis 37 3779 ~-39| +°51| +°25 — 01|~ 05| 38:10 36 18-20 ° 19°90| - 04
e Cygui.. 43 40 —~11] - 35| +°12 — 05— 02/ 39-98 42 20°03 ‘95| 4 "0k
i Aqua.nl Al 48 48°79] —°19| - 11| +-10 — 08— 02| 4%°49 47 28°45| 20°04|~+ ‘10
32Vulpeculua... 51 48-85{ - 13| — 31} +°11 — 10| — 02! 4840, 50 28°48 19-92| - 02
1 Piscis Aust. . 56 44°26) — 24| + 03| +-12 —+13| - 02} 44°02 b5 24:04 98|04
g Caprlcoml.. .1 21 01 563:22{ ~ 21 — 06; -+ 10 — 17/~ 02| 52°86| 21 00 32°99 ‘87| - 07
v Aquarii .... . 05 42:22| — 201 — 09 +°10 ~'19|— 02| 41°82 04 21°84 08|+ 04
a=+"330 o=-1099
Chronometer correction at 20b 36m = —1m 19¢- 94215010
W |a Piscis Aust...| 22 53 42°04) — 13( +°01 +°10 + 29— 02| 42-29| 22 52 21°09|-1 21°20|+ 05
o Pegasi....... 23 01 20°47) — 09| — 256 +°09 + 24| — 02| 20°44 59 59-34 ‘10| - 05
v Toucani ..... . 13 10°97) - 19} +°35| +-16 +16)— 04| 11°41| 23 11 50-26 “15; -00
T Pegasi..... 17 156°16| — 08| - 30| +°09 + 13| - 02| 14-98 156 53-90 ‘08| - 07
x Piscium . ..... 23 22-42) - 10| —-17) +°08|« +°09|—-02] 2230 22 01-18 *12| - 03
3 Phaemcxs 31 16°22] — 15| +°13| +-11 +°04| - -03| 16°32 29 55°11 21|+ 06
¢ Piscium .... 36 22:62) —'10| —-'20 408 +°01} - '02| 22°39 35 01-29 ‘10| - 05
E |5 Sculptoms 45 17°12 +-14 00| ~-09 — 05 —°02) 17°10 43 56°00 10} - 05
@ Piscium . ..... 55 44°98} + 10[ — 20| ~'08 —12(- 02| 44:'66 54 2350 16|+ 01
2z Ceti . . . 24 00 11-18! +-13) — 6] —-09 - 15|--02! 10°97 58 4980 17|+ 02
a Andromeds 04 48°23| +-08) — 34| ~°09 — 18] —'02| 47°68| 24 03 26-45 23|+ 08
v Pegasi........ 09 39°86) + 09 —-25 - 09 -21|- 02} 39°38 08 18°24 ‘14j—101
t Ceti........ 15 54-21| 4°-12| - 11| - -08 — 25|~ 02| 53°87 14 32:69 18|+ 08
8 Hydri ........ 22 05°68 +-37+1:28 — -39 - 29— "0Y| 0656 20 45°43 ‘13— 02
a="%355 ¢=-+083

Chronometer correction at 23h 37m= —1m 215 1481 009



134 DEPARTMENT OF THE INTERIOR ix

5-6 EDWARD VII,, A. 1906

TRANSIT OBSERVATIONS.

Station : SOUTHPORT. Date, October 7th, 1903. Observer : Orro KLOTZ.
&% g g
3 & olle® E<]
Transit EE At .,S. _5 "6‘9. ‘gg
: Star. over meanof *a#l § | 3 Zle8| R A BS | v
& threads. | 2.9 g 8 8 £ qg g
g 2ozl 4 | 5 21§k g
5] e < |8| & | < 8
h. m. s 8. 8. 8. r=5'35 8. hm s |ms 8.
21 34 09°63| +°17| - 13| — ‘08 + 26/ —-02( 09°83| 21 32 38°60/-1 31°23|+ 02
40 59°74| +-14f — 23| -~ 08! + 22— -02) 5977 39 28" b4/ 231+ -02
43 15°61) + 18| — 08| — 08 + 20— 02| 15°81 41 44-63 “18[--03
49 3787 +°22| + 08 —°10 4 -17) - 03} 38-21 48 06°97 *24) 403
22 02 22 71| +°16| — 17| —~ 08 + 09|~ 02| 22°69| 22 00 5145 24|+ 03
04 04°52) +-12) —-33 -—'08‘ + 08| —02) 0429 02 33°14 15/ - 06
40 02:65) — 07| — 36 +°09 —-13|--02] 02°16 38 30°96) *20| - 01
44 16°85| — 16| +-24| +°12 —-15{—~ 03] 16-87 42 45°72 15/ - <08
46 54°66) — 07} —°32| +°08 — 16— 02 b4°17 45 22°90 27|+ °06
49 08°27) — 10, —-13| +°08 —+18{ - -02; 07°92 47 36°74 18| — 03
51 05°19] —°11} - 08| + 08| — 19— -02| 0487 49 3365 *22|+-01
a 53 52°60| — 18| + 011 +'09 — 20— 02| 52°35 52 21-08 27|+ 06
la. PegaSI....... 23 01 31°07) —~'08] —-26 -+ 08 - 26| - *02| 30°53 59 59-34 ‘19,02
a=+312  o=-"0IT
Chronometer correction at 220 180 = — 1m 31221542010
W |6 Sculptona ..] 23 45 27°83] - '16) Q0] +°18 -+20,— "02] 28-03) 23 43 55° 95' 1 32°08 + 08
¢ Pogasi........ 49 09-09] - 10! --35] + 16/  +-17|--02 o 4 o o8]  31-97|—-03
o Piscium .., .. 55 56°63] — 11 - 26| +°16 + 14| - 02| 55'54 54 23°50; 32°04/+ 04
2 Cetic.ovnn... 24 00 21°82) —14{ — 08 + 16 +11 -°02 21'35 58 49°80  32°05' 4+ 05
o Andromede .. 04 58 68 —-08 — 43| +°18 4'09)— 02| 58°42| 24 03 2645 31'97/—'03
v Pegasi.. . . 09 50°42) — 10} —-32) +°16 + 06/ — 02 50'20 08 1825 31°95/-°05
3‘ Toucani . ..... 16 36°79) — 27| +°66| +°37 + 02| - -05{ 3752 15 05°56| 31°97 —-'03
E |8 Hydri........ 22 16°05 +°68 +1-64 — 73 — 02| - 09| 17-43 20 45'42‘ 32°01|+ 01
12Ceti...... ... 26 41°17) +°17| — 18] —°15 - ‘04]— 02; 40°95 25 98°93) 32:0214 02
€ Andromeds .. 35 02°37| +°12| — 43| —'18 -°09 - '0" 0177 332989 3188 —'12
BCeti . ....... 40 18°97) +°20, — U8 16 =12/~ 1879, 38 46°761 32°03 +°03
¢ Piscium 45 15 23| + 14| --26{ —-16 — 15| - '02 1478 43 42°70; 32°08 +'08
20Ceti.. ... i 49 39°04 +-17 - 20] —°15 --18 —'02| 3871 48 06°65 32°06 -+ 06
© Andromeds , . 52 59°45) + 10 — 52| — 20 - 20— 03‘ 58°60 51 26°63 31°97 -°'03

= 40455 o= -"156
Chronometer correction at 240 19m= — 1m 32:-005+-+'012



X

REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

Station : SOUTHPORT.

Date, October Sth, 1903.

136

- Observer : Orro Krorz.

4% - 3
I : Tt o
Transit =il i g b °
Star. over mean of -§ ad| £ L £ =3 R. A. §§ v
g‘ threads. |3 2.8 ""E’ 3 P 'g\ gg g
2oB 8 B é
g R < 3 é 4 |;a |}
h. m. s 8 8. e af 50| & hhm 8 [m 8] s
E |8 Pavonis ..... | 20 37 59°55| +-27] + 69| — 27 4 85— 20 36 18°11/-1 42°33|+ 03
¢ Cygni... .... 44 02°43) +-08| ~-40| —-13[  +-30{-- 42 1999 ‘27(- 03
i Aqua.ru. 49 10158 +-13] ~-12( —-11 4 26(-* 47 28°42 30, ‘00
32Vulpeculm 52 10°88! 09 -85 —-12 23] - 50 2844 27| --08
1 Piscis Aust.. .. 57 06°03] + 16| + 04| —-13 +°19| - 65 2401 <26 - -04
# Capricorni.,..| 21 02 15°16] +°15| --07| — 11 +15{~" 21 00 32:96 30| ‘00
v Aquarii ...... 06 04°07| +-14| —-11] —-11 + 12— 04 21°81 28— 02
W |y Pavonis..... | 2012'25| - 31| + 57 +'26,- 00— 18 30°49| ‘28|07
¢ Capricorni. . 22 53:66| —-17| — 04 +°'12 ~02{-- 21 11-19 34|+ 04
B Aquaru...... 28 12:99 —~-15 — 14| +-11 ~ 07— 26 3040 32(+ 02
£ Aquarii.. ... 34 2117 - 16 -13] +°11 - 12] - 32 38:58 28|~ 02
e Pegasi . .... 41 11'28] —-13] --24] +-11 i B 39 2853 30| -00
TR, A 49 49-57| — 20| 4+ 08| +°13 — 24| - 48 06°96 35|+ 06
a Aquarii ..... 22 02 34'32| — 14| --17| +-11 ~'35|-- 22 00 51-44 3101
a= 42380  o=—*106
Chronometer correction at 21b 20m = —1m 428- 20648 007
W la Toucani..... | 22 13 38°20| —-21| +-44| +°22 + 49! — -04] 39°10] 22 17 55-80{-1 43°30{+ ‘08
7 Peg'ul M 40 14°24] — 07} — 38 +°13 +27(— 02 14°17 38 30°95 22 00
( ..... : 47 06°21) —-08) — B4 +°12)  +°21/--02) 06°10| 45 22°90) ‘20|~ 02
Aq\mn ...... 49 19921 —-11| --13) +'11 + 19| - 02| 19-96 47 3673 *23(4-01
8 Aquarii..... . 51 16°81] —-12; —-08| +-11 + 17| - '02| 16-87 49 3364 *23(4 01
« Piscis Aust.., 54 04°21| —-141 +°02| +°13 -+ 15— 02| 04°35 52 2107 ‘28! 4 - 06
@ Pegasi....... 23 01 42°76] —09] —'27) +°11 +:09] — 12| 4268 59 59°33 251+ 03
E 'yTouca.nl ...... 13 3290, + 35| +'38' ~--21 —01{— 04| 33'38| 23 11 5024 ‘14~ -08
¢ Piscium ... . 36 44°91) + 171 - 221 --11 — 20| —- 02| 44°'53 34 61°29 2414102
¢Peg881 T8 Br o 49 20°83| +-16] —-30) —~-11 —311--02| 20-25 47 36°98 27\+ 06
o Piscium . .., 56 07°27| +°17) —-22) --11 — 37— "02| 06°72 54 23-49 23|+ 01
T 1G8b s s e s 24 00.33-35| 4--22| — 07| —°11 — 400 — 02| 32-97 58 49°80 ‘17|~ 06
a Andrqmedaa -~ 05 10-47| + 13 - 87| —-12 —~ 44| - *02( 09°65{ 24 03 2645 20} - 02
v Pegasi........ 10 02°13! +°16) —'27] —--11 —"49{—-02] 01-40 08 18°25|. ‘16|07
a=+¢392 e=—-2"109

Chronometer correction at 23k 122 =

— 1= 432-2194-°"010
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Station : SOUTHPORT.

DEPARTMENT OF THE INTERIOR

x

5-6 EDWARD Vil., A. 1906

TRANSIT OBSERVATIONS.
Date, October 9th, 1903,

>

Observer: Qzro Kunws:

&5 | g g
2 g .18 3
Trapsit | 5= S = R £
. Star. over mean of = 3| S = 8 ,g% R. A g .
2 threads. | g_g g § g g 3§ a
4 zoBl § | 3 L | gs g
o S < | S g | < |3 5]
h. m. s 8. 8. 8. 1-::5 45| = b.m 8 [(m 8| =
E | Payonis . . | 20 38 11-49| + 8L +60] - 27 +°29{— 05| 12-37| 20 36 18'09{-1 54°28|+ 06
eliCygnt., (Il L1 s 45 14°40| +-09| — 40| ~-13 + 23—~ 02| 14°17 42 19-97 20/~ 02
u Aquarii ..... 49 22°51] 315 —~ 12 — 11 +20)—-02) 22-61 47 28°41 <20|- 02
32Vulpecule.... 52 22°86( +°10 — 36/ - ‘12 + “18{ - "02{ 22° 50 28-42 220 00
1 Piscis Aust... 57 17°94! + 19| + 04| —'13 + 14|~ 02! 18°16] b5 23-99 ‘17| - 05
6 Capricorni....| 21 02 27°04| + 16| - 07| — 12 +-10|—-02| 27-09( 21 00 32°94 ‘151~ 07
v Aguarii....... 06 16'06) + 18] —-11) ~°11 + 06— "02) 16-04 04 21°79 -25(+ 03
W 1y Pavonis. ..... 20 24°15 ~'3l| +°68 +-27 — 05} — 05| 24-59 18 30°45 ‘14)-°08
¢ Capricorni. ... 23 05°57| — 17| — 04 +'12 - 07;— 02| 05°39 21 11°156 < 24|+ 02
8 Aquarii....... 28 24-88] — 15| — 15| +°11 - 11| ~ 02| 2456 26 30°39, ‘17t- 05
£ Aquarii. . 34 3324 - 15| ~ 13| +-11 ~*16|— -02| 32-89 32 3857, 821+ °10
e Pegasi...... 41 23°25 ~-13] —-24) +'11 — 221 - 02| 22-7h 39 2852 ‘2314401
8 Capricorni.... 43 39-21| —-16{ — 08! + 11 — 23| - 02| 38'83 11 4460 23401
VAP 4o Sl 50 01-50, — 20} 4+ 08| + 14 — 29|~ 03| 0120 48 06" 9% 25+ 03
. e
a=-42"386 o=~"110

Station : SOUTHPORT.

Chronometer correction at 21k 14m= — 1m 548-21745° 009

TRANSIT OBSERVATIONS.
Date, October 101.!.1, 1903.

Obseryer: Orro Krorz.

P ¢ :
ol g ;|3 8
Transit (8= | . | 8 R og
. Star. over meanof 3 #| 8 3 s |23 R. A BE 2
g’ threads, = gg g E g = g5 g 8
2 3o § | 3 s |2 | g8 £
O - < O [~} < @n (6]
h. m. s 8. 8, & ige 5‘.50 8. h. m. s |m s | &
E |8 Pavonis .... .| 20 38 23°42| +°30 + 56| —"36 +°30]— 05! 24°17; 20 36 18'06-2 06-11 +°01
€ Cygni s o 44 26°29| + 09| - 38| -°17 + 25| — 02| 26°v6 42 19°95 ‘11401
# Aquarii .. 49 34°43| +°15/ - 12| -'14 + 21— 02| 34°51 47 28°40 *11{+-01
32 Vulpecula.. .. 52 34 756 +°10] ~-34) —°16 +°18/ - 02| 34°51 50 28°40 ‘11401
I Piscis Aust... 57 29°90{ + 18| +°04) —'16 + 14| ~ 02| 30°08 bbH 23°97 11+ 01
8 Capricorni....| 21 03 38-95| +°16{ — 07 —-14 +°10( - *02] 38-98' 21 00 32°93 05— 05
» Aquarii...... 06 27‘92; +15) ~-°10{ — 14 + 06| — "02| 27°87 04 21°78 09| - 01
W |y Pavonis ...... 20 35°98) —-27] + 54 + 34 ~ 05— 05| 3649 18 30°41 08/~ 02
¢ Capricorni. ... 23 17°36 — 15 - 04| +°16 — 07|02 17 23, 21 11°14 109] - 01
B Aquarii. ..,. 28 36°73| ~"13; - 14 +-14 ~ 12/ - -02] 36°46 26 30°38 O8] - 02
¢ Aquarii .., .. 34 44796 — 13| -°12] +°14 — 17— -02{ 44°66 32 38'56 ‘10{ -00
¢ Pegasi...... : 41 3507/ ~-11] -22 +-14 - 23 — 02| 3463 39 2850 131+ 03
& Capricorni.... 43 51°01 —~-14] — 0B8] +°14 — 24| — -02/ 5067 41 44°59 ‘08]~ 02
& P es e 50 13'34) —-17) +°08) +-18 - —°03) 13°10 48 06°93 17407
a=+%362 ¢=-%138

Chronometer correction at 21t 14m= - 2m 0§¢- 102+ 005
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SESSIONAL PAPER No. 25b

.
-

TRANSIT OBSERVATIONS.

Station : SouTHPORT. * Date, October 11th, 1903. Observer : Orro K1.0TZ.
) ]
nsit = 4 8 "
p Star. Lﬁvnmeanéf & 6§ < § "?s %g R. A. SE s
o threads. |z 29| £ -] s £ 95
g £Sal € | B £ | 81|8%
3} A < | & = | <& 5
h m s 8. s, s’ r=s.. -44] 8 hhm s {m s | s
E [p Capricorni....( 20 25 89°44] + 09 — 06 — ‘11 + 231 —"02] 3957 20 23 22-74-2 1683+ 04
¢ Delphini.,.... 30 54°89] +-07] —-23 -'11 + 19| - 02| 54°29 28 3750 79| 00
8 Pavonis. ..... 38 34°26| + 16| + 56| — 27 + 14| — - 05} 34-80 36 18:00 8014 01
e Oygni....... .| 4437-09 +-05| —-38 —-13] +-10/--02| 36:71] 42 1992 79 -00
p Aquarii... . 49 456°26] + 08| -~ 11} —-11 +°06{ — "02{ 45°16) 47 28°38 78|~ 01
32Vulpecule.... 52 46°50] +-u5{ —'33) 12 +°04{— 02| 4512 60 2838 74~ 05
1 Piseis Aust. .. 57 40°73] +°10] +°04 --13 00— -02] 40°'72 B5 2395 77|~ 02
W |6 Capricomi... | 21 02 49°83( — 16 -"06' -f—'llt —*04] - 02! 49°66| 21 00 32°91 ‘75~ 04
» Aquarii...... 06 38'83/ —-16] — 10| +-11 —+06] — 02| 3860 04 21°76 84405
¢ Cygni....... 11 0870] —-10| — 35| +-12| _-11|—-02 08'24| 08 51'44 *80{ 401
o Equulei..,..,. 13 18-72{ - 13| -'19 +'11[ —11{— 02! 18°38 11 01°58 ‘801401
Pavonis, ,.... 20 46°87| .— 31| + 54| + 26 - 16|— '05] 47°15 18 3037 78(~ 01
Ospricorni.....| 23 928°93 —-17| —-04) +-12  --19/--02) 2793 21 11°12 “8L 4 02
B AquariL...... 28 47°57| - 15| - 4| +-11 —-23 —'021 47°14 26 30-36 78} --01
|
a=-+%357 e=—-%108
2 Chronometer correction at 20® 57m= —2m 1§ 789+.2* 005
W e Pegasi... . 21 41 45°86] — 13} —19] 409 + 34|02 45 95| 21 39 28-49j-2 17" 46 -0
6 Capricorni....| 44 01°87 - 16| —- +°10 + 33| - 02| 02°05 41 44- 58| ‘471 00
v Gruis . 50 24°17) 18| +-07 +°12|  +°28/—-03 2443 48 06°91 'B1|+'04
a Aquarii 22 03 08°91] —-14| — 14| + 09 +°19{—'02| 08-89| 22 00 51-41 48|+ 01
3 Pegasx._ b 04 50°62| —-10| --26] + 10 + 17| - 02| 50°51 02 3309 ‘42— 06
a Toucari...... 14 12°86; — 26| +°33] +°19 +°10; — '04] 13-18 11 55°72 ‘46| — 01
E |¢ Gruis ........ 45 03-04| + 17| +-19 — 15 —*13(~- 03| 0309 42 45°'64 45| - 02
3 Aquarii....... 51 5128 +°'12| — 06| —-10] —-16|— 02| 51°06] 49 33:62| ‘44|03
o Piscis Aust 54 3868 +°13| +°01 - -11 —-18)-'02; 3851 52 21-04 471 00
o Pogasi........ 2302 17-29) +-08| — 21y —°10] - -25(— 02 1679 59 5931 48]+ -01
® Aquarii....... 06 37°78) +°12) — 04| - 10 —27|—-02, 37°47| 23 04 20°01 481 - 01
v Toucani.... 14 07°73] +-19] +-30 —‘181 — 34| - 04| 07°66 11 5018 48|+ 01

a=+%208  o=-*083.
Chronometer correction at 22828 = — 2m175- 4665005



138 DEPARTMENT OF THE INTERIOR ix

5-6 EDWARD \Il,, A. 1906

TRANSIT OBSERVATIONS, ¥
Station : SouTHPORT. Date, October 12th, 1903. Observer : Orro KroTz,
ER E g
Transit E;‘: 5 S g | By vg
Star. over meanofl = s #£| £ 3 Ball R. A, g8 | »
& threads. 528 2 | 8 g E|Bs g
g b S ‘5 %1 —8 gu . 14
) 3 < |3 8 |2 8
h. m. s 8. 5 8. tz"_‘._% s bhm s |ms | s
E (B Pavonis.......| 20 33 46°06( +°06] + -85 —-22 +°19( - -05( 46°59| 20 36 17°96(-2 28 63|+ 06
ey oy v 0 11 48-720 +°03 —-37| ~-10]  +°16/--02| 48°41| 42 19°90) *51| - 06
;A Aquarii , ...|~ 49 56°98; +°083) —-11] —-09 +°12|— 02| 5691 47 28386 -5b| - 02
32Vulpecula-) 52 87°17( +°02( --33| —-10 +°11| - 02| 56°85 50 2836 49 - 08
1 Piscis Aust. . 57 5249 +°04] + 04 —--10 + 08} — 02| 52°53 55 23°93 60+ 03
8 Capricorni....| 21 03 01-50) +°03| — 07 - ‘09 + 04| — 02| 01-39] 21 00 32°89 50| - 07
v Aquarii ...... 06 50°48, + 08, — 10| - 09 +°02' - 02! 50°32 04 2175 57) 00
W ¢ Ey ........ 11 2046 — ‘110 - 34| +-10 —-01) - 02| 2008 08 51-42 “66(+ 09
uulei ..., 3 13 30-46 — 16/ — 19| + 09 — 02 - -02) 30°16 11 01°55 61404
'y Pavoms 20 55568 — 37| +'53| +-21 — 06| — 05| 58'79 18 30°33 46!~ 11
% Caprlcorm 23 39-92] - 2] — 04| +°08 — 08|~ -02{ 39 67 21 1110 57| 00
B8 Aquarii... 28 69-27| - 17y — 13| +'09 - 11— -02; 58°93 26 30°35 58]+ 0L
¢ Aquarii...... 35 07:53| — 18| — 13| +°09 —~16{ - 02| 07 14 32 38-53 61+ 04
¢ Pegasi....... 41 57-56{ — 15 — 22| +°09 —*19( - - 02| 5707, 39 2848 59|+ 02

a=+%354 ¢=-%086
Chronometer correction at 21t 10™ = —- 2m 28556542012

RE5REEe S8s288

W {8 Capricorni....) 21 44 13- 52 —*16] — 06| + 06 +°25) - 02 13°59] 21 41 44°56 -2 m 031~
v Gruis........ 50 35-89 — 19 + 06 +-08 + 21}~ 03| 36 02 48 06°89 13|+
¢ Aquarii., ..[ 22 03 20 55 —~*14| —-13| +06 + 130 — -02{ 20-45] 22 00 51°40 ;.

t Pegasi........ 05 02°31 —10; —-24) +-07 +°12) - -02] 02°14 02 3307 07+
« Toucani...... 14 24-51| — 27 + 31| +-13 +°07)—-04] 2471 11 55°63 021 -
v Aquarii..... 19 11-36 — 14| —~ 12| + 06 +°04/- 02 11-18 16 4213 05

K i Pegasi, .. . 47 52-35 + 08| — 24| —-07 - 13- -02) 5197 45 22°86 1+
A Aquarii.... . 50 056°92] +°11] —09{ 06 —15/— 02| 05°71 47 36°70 01—
3 Aquarii ..... b2 02-88] +°12| - 06| —-06 — 16/ - 02! 02°70 49 33-61 09+
o Piscis Aust., 54 50°16( +°14| +-01) —--07 —17) - 02| 50°05 52 2103 021 —
2 Aquarii... .. 23 06 49°20| +-12{ - 03] — 07, — 25— -02( 48°95! 23 04 2000, 28°95{—
v Toucani...... 14 19-27| +19) +-27| - 12 — 29| - -04] 1928 11 50°17) 29-13|+

a=+2217  ¢=-""062
Chronometer correction at 22k 25m = — 2m 298 053+*" 011
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REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25b

TRANSIT OBSERVATIONS.

139

Station : SOUTHPORT. Date, October 13th, 1903. Observer : Orro Krotz.
2% g
fz 2 il 8 §
Trancit '§::‘. I lnglS g Bls, 2
! Star. over meanof| © s 4| & = 2 | a% R. A g .
g weds. 522l 212 | 8 | B|TE ;
8 @ 3 o)
(&} 3 < 3 5’3 < '@ (&)
h. m."& 8 B. 8, r,___s_: -5 & h m. s 8
e Gruis ... .. | 22 45 25°39] + 16} + 23} —'04 +°13| —"03] 25°84) 22 42 45°57 +°04
i Pegasi.. .. .| 480326 +-07) —-31| —-03] +-11|—-02| 03-08 45 22°85 -00
A Aquarii ...... 50 16-83 + 10| ~-12{ —-03 +°09( - 02| 1685 47 36°69, -~ 07
8§ Aquarii..... 52 13°78] 411} - 07| — 03| +:08] - 02 13:85 49 3360 + 02
o Piscis Aust. .. 55 01-07| «+ 13| +°01| —-03 +°06}— 02| 01°22 52 21'02 ~03
o Pegasi.. .| 2302 39:79] —-08] ~25 +-03] +-02|—-0239-49] 59 59-29 --03
2 Aquarii ... . 07 00°41] ~-12) — 04, +°03 —+01] - 02| 00-25{ 23 04 19°99 +°03
Y Touca._ni..... 14 30°24| ~-19| + 35 +°05 ~ 05— ‘04| 3036 11 50°15 - 02
7 Pegasi.. .... 18 34-58/ - 08! — 30| +-:03] —-08|--02 34°13] 15 5386 4+ 04
« Piscium......| 24 41:79] —-10} —-17) +-03 —-13|—-02 41-40| 22 0115 +02
a=+%388 c=-2025
Chronometer eori'ectign at 23 06™ = —2m 408" 2291+ 009
TRANSIT OBSERVATIONS.
Station : SOUTHPORT. Date, October 15th, 1903, Observer : OrT0 Kvrorz.
P = ;
Transit g;'_'; 3 8 8 B 2 g
! Star. over mean of|— & | & | T g g v
& threads, (®29| g g 5 E g8 51
8 o2l H | 5 ) s g
a oo R ' = K &8s g
(@] = < (6] =1 < |® [&]
h. m. s, 8. 8, e | = a4l 8 h. m. s 8,
y Gruis . ...... 21 51 1011 +°04; +°07] —°13[  +°35|~ 03 10°41] 21 48 0685 00
a Toucani .... | 22 14 58°95| +°06) +34| —-21|  + 18/ 04| 59 28] 22 11 5561 +11
v Aquarii.. ... 19 4573 +°08| —'18| —°10|  + 14/~-02 15:65 16 4209 5| -00
o Aquarii......, 28 37°74| +°04f — 09 —--10 + 07|~ 02| 3764 25 84°20 ‘12
7 Aquarii....... 33 2943 +°031 — 14 —~°10 ~04] ~-02) 29°16 30 25°'68 -08
a Piscis_Aust = 55 24°76! — 17| +-01 +-12 i 13|~ 02, 24°67 00) + 01
a Pegasi.. ..... 23 03 03-32{ — 11| — 21| + 10| ~ 19~ 02| 02'89 ‘28 +°'0b
y Toucani ...... 14 53°65! — 25 +-°30; +°19 ~"27;~ 04| 53'58| 23 11 5011 —09
v Pegasi.... .. 18 57:99) —-10| — 26, +°11]  —-3[~ 02 5742 84 +03
x Piscivm ...... 25 0528 — 13 — 13| +°10 — 85|~ 02| 04'73 07 +°10

a=+"'305 c=—*100
Chronometer correction at 220 38™= - 3m03" 56147019
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Station ; SOUTHPORT.

DEPARTMENT OF THE INTERIOR

1X

5-6 EDWARD VI, A. 1906

TRANSIT OBSERVATIONS.
Date, October 16th, 1903.

Observer : Orro KLoTz.

&% g ‘
) o 2
= = . )
Transi 5:."3 : 5 .§ g B g%
Star. over mean of|— « 4| & E B | ey R. A. g g |

g‘ threads. |2 2.2 g B $ é g g &

& o0Bd § | 3 3 2 %5 .g

Q = <« 6} = < | @ (&)

h. m. s s £ 8. t=s_‘.45 8. h. m. s 8.
E 8 Capricorni.. .| 20 18 50°73| +°17| —-09| —-11 + 27|~ -02{ 50-95| 20 15 38~ 02
Ip Capricorni.... 26 36°79| +17) —-07| --1< + 21/ -02f 3696 23 22° 00
e Delphini..... 31 51°78) 4+-13] — 24 ~-11 +°17]- 02! 5171 28 37 01
B Pavonis ., ., 39 31°36 + 33 +°59 — 28} +°12-~ -05, $2-07 36 17- 03
e Oygni .ok S 45 34°45 +°09] --40{ - 13 “+°07 — 02| 34-06 42 19 ‘07
# Agquarii, ..... 50 42°68 +°16] —*12; -'11 +°03|— 02| 42-62| 47 28 ‘01
32Vulpecul=. ... 53 42°92 +°11| -85 — 12 +°01|~ 02 4265 50 28 05
‘W |¢ Capricorni....| 21 03 4’7'37l —-16] - 07| +-12 —07 —'()2l 47°17' 21 00 32- ‘03
» Aquarii... .. 07 36°32) — 16 — 11| +-11|  --10/--02! 36-04] 04 21" 04
¢ Cygni ... ... 12 06 15] —-10| - 37| +-13] ~-14;—-02| 05°65] 08 51 00
a Equulei...... 14 16°28| — -1 —-21 +-11 -15/--02| 15-88 10 61- 08
~ Pavonis . 21 44-11) — 31 +-57] +-271  —-20|--05| a4-39] 13 0 -08
¢ Capricorni. ... 24 256°71 —-17| — 04| + 12 ~ 23~ 02| 2537 21 11- ‘02
B Aquarii...... 29 45‘]0l — 15! - 14 +°11 - 27— 02| 44'63 26 30° 03
a=+°3%1 e=—"118
Chronometer correction at 20" 54 = — 3w 1431145009
W £ Aquarii....... 21 35 53'26) —16) — 13| +°13 + 49— -02) 53-57) 21 32 38°47|-3 15°10]| - 02
e Pegasi........ 42 43°41| — 13| - 24! +°13 + 45| - -02| 4360 39 28°42 -18{+ 06
& Capricorni.... 44 5931y - 17| — 08| +°13 + 43— 02} 59°60 41 44°60 10[--02
v Gruis ....... 51 21-62) —-21} + 09) +°-16 + 38| - 03| 22:01 48 06°84 17|+ 05
e Aquarii, .... | 22 04 06-36] — 15| — 18] +°13 +28|—-02; 06-42) 22 00 5135 ‘07|~ 06
¢ Pegasi........ 05 48°17) — 11 — 34| + 14 +°27(-02] 48°11 02 33°01 10[ - 02
a Toucani . ... 15 10-15] - 29 +°43| +°26 +°20{ - 04| 10°71 11 55°58 13+ -01
E |[e*Aquarii....... 23 07 35°20] + 23] — 05 — 14 —-20{- "02( 85°02 23 04 19°97 05— 07
o Toucani ..... 15 05°02| +-36, + 38| —~ 24 25— 04| 05° 11 50 10 13{+ 01
T Pegasi........ 19 09-63} +-15) —-33} —-13 - 28— 02} 0902 15 53-84 ~18; 4 06
& Piscium ..... 251671 +-19) - 19| - 13 —-33{- 02| 16°23 21 6113 ‘10{--02
¢ Pheenicis. ... 33 10°32| + 28 +°14 —--17 -39 - 03] 10°15 29 55°03 12 -00
¢ Pigeium ...... 38 17°02! +-18 —-21) --13 —~ 42| - 02| 16° 42 35 01°26 *16)+ 04
& Sculptoris . ... 47 11‘45‘ +'25] ‘00f —14 — 49| - 02| 11-06 43 55 96! *09( - -03
§ !
a=+2388 e=-¢126

Chronometer correction at 22h 41m = — 3™ 15°- 1194008
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11

The following observations at Sydney, together with their reduction and clock
corrections have been furnished by Mr. H. A. Lenchan, Acting Government Astron-
omer, The method of determining the level, azimuth and collimatioh errors there, has
already been given under ¢ Sydney Observatory.

Station : SYDREY.

TRANSIT OBSERVATIONS,
Date, September 29th, 1903,

Observer : H. A. LENEHAN,

e e R Lt o
&8 3
IS 5 u.g
X I 40 3'8
Transit | §:~ - B s o E
Star, over mean of |, & Z| & 2% RA g
threads. (2 22| 2 < B8 g8
oo dl ‘8 5t §3 _%
& < | & 8
8. h. m. = 8.
¢ Delphini..... # 011+2-46 = 24°39( 20 28 37°69] +13°30
LR AT SRS e e U -1-18) ©E | 3548] 20 30 4860 13°12
e Aquarii,.. Vs ot i +1-39 S 15-38) 20 42 28-73| 13'35
'3 ARFH vt o ke va i +1°44) w 15°23) 20 47 28-56! 13'33
31V peculae ...... +3:39] B 15-20] 20 50 28°60 13°40
1 Piscis Aust............ o oo B G e 20 55 10°67) +°02|+0°09] BB | 10°78) 20 55 24'16) 1338
EITRATET Mg Mean... .. 1331
| m—rriey o = by ¥z =
Chronometer correction at 2004%% = 4-18+-31
THANSIT OBSERVATIONS.
Station : SYpNEY. Date, October 2nd, 1903. Observer: W. E. RavMoND.
ae g g
'S g §.E
. ey -9
Transit |27 . B @ sé
Star. over mean of| ® 4 3 i} 2 R. A é
threads. < g_& é & g § g 8
5 o A ‘8 é gs > =)
- < /7] &}
hmos 8, 8 h. m. s 8.
B Capricorni........ ..o 0 il .. 20 15 18'58) — 01/ +1°14 20°01| 20 15 36°83 +16°82
TP 20 17 48°67) - 02 -2'53| p | 46'121 20 17 62'81) 1669
¢ Delphini 2098 18'21) —01+248] € | 20°68 20 28 3764 16°96
aIndi ... ... 20 30 5309 —02(-1'19 & | 31-88 20 30 4852 1664
a Delphini. .. ......00. o i ol 2034 51°19| —-01/+27¢ g  |53'92) 20 35 1089 16°97
€ BURTIIS 5 oo e soroves  oiscone = 558 4§ sxavate 20 42 10-41| —'01]+1-39 . g 11°79| 20 42 28°68] 16°89
# Aquarit......... .. v ven ee o ee.. 12047 10°25) --01) +1-44] T2 11°68| 20 47 28°51 16-83
8 Capricorni . ........ ..ci.. o aaal. 21 00 15°09] —-01{+0-98] = 16-06| 21 00 3304 1698
¥ Pavoni§. FENRIT i el bR s 21 18 18°40) —'03|-4'44| 2 13-93, 21 18 3070 16-77
B AU o o wevrive o wrblohilh #5570 ¥ srevossiy o ot 21 26 11-98] — "01|+1-60 ,S 13-55| 21 26 30-47 16-92
Mean.. ... 1685

Chronometer correction at 20h44™ = 416885
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DEPARTMENT OF THE INTERIOR
5-6 EDWARD ViIi,,

TRANSIT OBSERVATIONS.
Date, October 3rd, 1903.

Station: SYDNEY.

x
A. 1908

Observer: W. E. RAYMOND.

g% £
i P § u..g-
., jw® X
Transit |g:% i "5‘5 2
Star. overmean of, * « | | @ R. A. g
threads. |— 22| § =
$oE| £ xBEL 2
K < o
h. m. s 8. 8. h. m. s, 8.
AR e R £ e S e 20 47 08°68) —-04|+1-46| _, 10°10] 20 47 28'50| +18°40
A T N e R Il 20 50 06°57| ~03|+83°431 <N 9-97| 20 50 28-53) 18°56
TP IBCIR AR, o] s 20 55 06°55| ~ 06/+0°09 & 5-58 20 55 24-09! 1851
8 Capricorni .... .....ovueunen S - 05/+0'99] @ 14-55] 21 00 33°02{ 1847
« Capricorni. . ~-06/+1°04) @ 35°63] 21 16 54°11] 18°48
Pavonis.. ~-10{-4-47 2 12-30) 21 18 30°67] 18-37
Capricorn 0514073, T 52°77) 21 21 11-24] 18'47
B Aquarii .. —04(4£1'61] = _ (11'98] 21 26 30°46/ 18°48
¢ Aquarii ... —-04/+1'51] wf |20°19] 21 32 38°64] 1845
€ Pega.§i .......... --04,+2:39| .B g 10°01| 21 39 28-59( 18°58
8 Capricorni. —05[+1°04) B | 26°17] 21 41 44'66] 1849
o Gruis............. R N il o --06{-0-31 H 48-48( 21 48 07°04] 18°56
Mean,....| 1849
S ! g 3 i e
Chronometer correction at 21b 21™= 41849
TRANSIT OBSERVATIONS,
Station : SYDNETY. Date, October 6th, 1903. Observer : H. A. LeNgagan,
) Les | 5 Al E
g0 £ g
= l 5 53
it =
E Transit |8 . % S o
Star. over mean of| ® « @[ 8 2% R. A g §
threads. |5 221 & . g8 g
> g'a . X Sk E
EER-NE 5
h. m. s, 8. 8. h. m. & 8.
BScorpii...... SRR 5 sl s 61 X 559 2708 —-08 +0°88 =X 27°88| 15 59 49°61 +21°73
3 OPhIMCHI. ..o . o st 5m w3 caieions ... | 1608 53°81, — 06 +1'75| & », | 55°50| 16 09 17°34  21°84
B SCOTDU it o5 wiopeis o ahvacie a5 72 6 68 Bhdrnis 16 23 07°43] — 08 +0°52 H% 787 16 23 29°66 21°79
a Tna.ng ANBE 1557 05 e s te e 16 38 10°66/ — ‘17‘—5 46 &, 5°03) 16 38 2688 2185
bcorpu ....... =% w Ay LI U 16 43 3350, — ' 8 13339 16 43 55°10; 21'71
7 Ophiuebi........ el s s /S SN o 17 04 28°11) — 07 +1 08 ] 29°12 17 04 51°00] 21-88
Mean.....| 21'80
1}
Chronometer correction at 160 2™ = +21°-80
u - - i B m 7‘ T T E
& Aquarii......... . Bl p 8 il W =5 .| 20 47 05°08 —'0714—1'44 o 6'45’ 20 47 28°45( +22°00
32Vulpeculae ornki s, ISR B R e apizonsie o 20 50 02°98) —'04'+3-40] =« | 6°34) 20 50 28-47| 22°13
1 Piscis Aust......... ooo0 cenenns 20 55 02°04) ~°09 +0°09] & % 2'04' 20 55 24°04) 2200
B A QU oo & 2 ST 5 o alirone o o somaters + 6 21 26 06°81) ~ 07 +1°60; N 8°34) 21 26 30°43] 22'09
vy Gruis...... ... ... D 21 47 45°33) — 09 -0'30) E & 44'94] 21 48 07°00, 22:06
O AQUARL s b o vnen e nrienns o Gaasg G 22 00 2756/ - 06 +1-86 g S| 29-36| 22 00 51°46] 2210
¢ Pegasi qie: ¢ ogt 2% fmges o s open = ,22 02 07°81] - 04 +3°25 11-02| 22 02 33°15] 22°13
Mean..... 22°07

Chronometer correction at 21h 24m= = + 2207



ix REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER Neo. 25b

Station: SYDNEY.

TRANSIT OBSERVATIONS.
Date, Petober Tth, 1903,

143

Obgerver, W. E. RaymMonD,

b S ¥ . .
= ‘: 5 é
Transit 2= "; §§
Star. over mean of ggg - .§‘§ R. A, § g
. threads. ’a U'E: E < E §
5 = " 3 =
K < & o
h. m. 8. 8. B. ’ h. m. =
T R T e A B O S R 20 55 00°49, — 06| + 09 0°52( 20 65 2403 +23'51
& Capricorni... .. ...eceovvee weu- .. 21 €O 08°56] — 05| + 98 i 949 21 00 32°97/ 23'48
o e T R R S 21 16 29°61| — '056/4+1°04 & 30°60; 21 16 54°06| 2346
L T B RS BN 21 20 47°06( — 0G| + 7. 'E 47°73{ 21 21 11°18{ 23'4H6
o R S v | 21 26 05°34| —"056{+1.60 & 689 21 26 30°41; 23'52
ST TR PR | ... 21 32 13°64] ~ '05]41°560 15-09) 21 32 38-569( 23
e Papnaiiv.. i .. s AR b BT ...l 21 39 02°651 —-04)+2°38 @ 4-99) 21 39 28-54 23°56
8 Capricorni.. .... e i 21 41 20°12( - -05(+1°04] X 21°11| 21 41 44°62] 23-51
@ Aquariic... ... ieeoees penae wad] 22 00 26°08) - °05)+1.86) & 27°89| 22 00 51°456] 23
< Pegasi..... .. .. R k)| e g ...| 22 02 0628 --03|+3-26| - 9:51 22 02 33-14| 2363
¢ Aquarii....... O DRI TANE T Pt Tl 22 95 09-48{ — ‘05{+1°35 E 10°78; 22 25 34°29 23 51
7 Aquarii..... .. N gkt cesee] 22 30 00°49) — 05]+1°86 2'30) 22 30 25°T6 23-46
Mean..... 2361

Station : SYDNEY.

Chronometer correction at 21k 3¢ = 4 235°51

TRANSIT OBSERVATIONS.
Date, October 8th, 1903.

Obgerver, W. E. RAYMOND.

a8 ]

ot ; ¥

Transit |52 | By g &

Star. over meanof S e 4| £ % | R A g5

threads. | ;E g 3 a8 g9

ko8l § | 3 |§5 k|
= < M 5] Q

h. m. s 8. 8. h. m. s 8.
€ Aquarii. b IStk seMrail 20 42 02°42! —-06 +1'38, 3-74[ 20 42 28°60|+ 24°'86
# Aquarii.. 20 47 02°29; — 06!+ 1°43 L 3°86) 20 47 28°42] 24°76
32 Vulpecul. PR SN e e 20 50 00°27| —-04|+3°37 B 3°60] 20 50 28-44| 24'84
O ST T ) 20 54 59°23{ - "08{-+0°09 .‘é 89-24( 20 55 2401 2477
@ Capricorni..... ... ....cecovvie...- 21 00 07°22) —"07|+0°97 b 8:12| 21 00 32°96| 24-84
¢ Capricorni............oo0n oren 21 16 28°34) — 07| +1°02 g 29:29( 21 16 54°04] 24'7H
G URPTIOOTRG: £ 55 & srtdieens 55 wrtiiiaiets s inms 21 20 45°76] - 07)+0'71 Q 46:40) 21 21 11°16] 24'76
BAquari. ......... ciiiieel ol --0 21 26 04°06] - 006 +1'58 3 5'58) 21 26 30°4u| 24-82
£ Agquerit........... GRS T S ar S i 21 32 12°36] — "0 +1°48 =t 13-78! 21 32 38'35, 2480
& PORARG vt s Svesiaers o s 21 39 01-35, —"05 +2°35| ¥ 3:65) 21 39 93-53| 2488
4 Capricorni . ....... o5 eemes STT .1 21 41 18°84| — 07 +1°02 g 19°79| 21 41 44°61 2482
¥ Gruis.... ... ... ...... ... .....| 2147 4257 — '08‘—0'30’ = 42°19) 21 48 0697 2478
G AGUATI G 20 ik g soveers susimvete s Iniere 22 00 2475, — 06 +1-84) 2653 22 00 bl-44 2<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>