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REPORT OF TIIE CHIEF ASTRONO:MER. 

THE OBSERVATORY, 

OTTAWA, December 30, 1905. 

W. W. CoRY, Esq., 
Deputy :Minister of the Interior, 

Ottawa. 

Sm,-1 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, &c.) ..... . 
Letters sent " " 
Accounti dealt with . ... . .... . 

1,138 
1,871 

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 reàdy reference to the files. An incoming letter book and an outgoiug 
lE,tter book are kept for the record of the correspondence. The accounts are kcpt iu 
an accounts record, from which they are posted into a card system ledger, classificd 
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, includiug 
salaries of all temporary employees, between J uly 1, 1904, and J uly 1, 1905, was 
$92,999.73. 

TITE DOMINION OBSERVATORY. 

In my last annual report, I spoke of the expected completion at an carly 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 au,l 
the boundary surveys, moved into the new building, vacating the rooms at 26 W elling­
ton street which it had occupied for a few days less than nine 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 photographing. 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. Acco=odation for the library, which was much needed, is also pro­
vided. The shelving for the books bas 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 
permanent accommodation for the meridian instruments is, however, not yet quite 
reaày. The con tract for the erection of the 'transit bouse' to receive these instrn­
ments was let early in the sea on. This bouse forms an annex to the western end 
of the present building, and is now nearl.v completed. It is proposed to place in it n 
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-

25b-1½ 
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able transit instruments used in longitude determinations, or other instruments as may 
be requisite. Pending the co1I1pletion of this building, temporary shelters for the :field 
transits have been provided to the east of the main building. 

Descriptions 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, to view the celes­
tial bodies through the :fifteen-inch equatorial telescope. These privileges are taken 
advantage of by many people. The number of people registering their names in the 
'visitors' book,' from May 31 to October 31, was 2,666. 

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 J uly 1 of twelve 
o:fficers. The names of the staff as thus constituted, with their respèctive duties, will 
be found in an appendix hereto. 

ELECTRIO CLOCKS. 

An appropriation of $5,000 was made by parliament in the S€SSÎOn of 1904 for the 
installation of electric clocks in the government buildings. Â1!, 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 
-Cliff 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 connecting the observatory with 
the principal government buildings. 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 e:ist block, 36; in the Langevin block, 48; at 26 Wellington street, 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 bill. This has lately been put in operation. 
Tho dials are driven by master clocks, which are in turn synchronized by the primary 
clock at the observatory, which itself is regulat~d 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 pendulU!ILS of the con­
tro1led 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 clamper would bring the pendulum to rest and stop the clock 
with the dials depending upon it. This method of synchronization bas been replaced 
by another in wbicb the damping is omitted. In case of interruption of the synchron­
izi11g c111-r0nt, the control1ed 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 service by 
dials rnoving every minute. A full description of the instruments used in the time 
service. by 1fr. R. M. Stewart, who has charge of them, is appended. 

LAT!Tl'DES AND LONGITUDES. 

The determination of latitudes and longitudes of points in Canada has been con­
tinued. On this work have been ernployed 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 di:fference 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 ",as as follows :-
In 1896, the di:ffercnce of longitude between l\Iontreal and Ottawa was determined 

ill the usual way by Prof. l\fcLeod 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 l\fr. Schott in his computation of 
the 'United States longitude net.' From this longitude that of Ottawa was obtained 
by addition of the di:fference observed in 1896. 

From tbis again the longitude of Vancouver " ,as obtained by a di:fference of longi­
tude observed in 1900, by Dr. Klotz and myself. 

From , Tancouver the longitude was extended to .A.ustralia and New Zealand by ;i 

series of steps by Dr. Klotz and Mr. Werry, in 1903. 
Such a 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 'nets' in strict analogy with the methods of trigonometrical 
survcys. 

By connection with the United States longitude net is known the longitude of 
Seattle, w.hich thus a:ffords 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 longitude , 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 observation, 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 
e1ectric device automatic record is made on the chronograph of the times at which 
the thread passes certain points in the micrometer frame. 'l'he objection will at once 
occur 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 vie",, and 
yet a complete transit (2-0 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 Oanadian longitude chain, a deter­
mination was made later in the season of the di:fference 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 after\'l".ards 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 Ilydrogi,aphic 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 be had asked for for the purpose of determining longitudes on 
that coast, and especially in connection with the expedition sent from Lick Observa­
tory ,to observe the total eclipse of August 30, at Sandwich bay. After the eclipse, 
signals were again sent him on September 1, directly from Ottaw.a. 

Mr. F. A. McDiarmid bas observed the latitudes and longitudes of twelve stations 
in Ontario and Quebec. 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, basides attending to bis work in connection with the time 
service. 

The stat'î.ons observed by Mr. McDiarmid were, Sharbot Lake, Ste. Anne de 
Bellevue, Trenton, Madoc, 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. Basides this the difference of longitude between 
the transit bouse on Cliff street and the observatory was observed by Mr. McDiarmid 
and Mr. Stewart. The Cliff street bouse bas been the reference point of all longitudes 
observed up to the present year. As the reference point will now be the observatory, 
this longitude 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 triangulation 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. 

Early in the summer a request was received from the Department of Militi1.1 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 neighbourhoôd of Ottawa has been made 
by Mr. C. A. Bigger and :Mr. J. D. McLennan and the select.ion and preparation of the 
observing stations bas 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 science 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
termine 1 to send parties of observers to <lifferent parts of Canada. 

'Be it requested of the go,·ernrnent of Canada tbat steps be t:ikcu to organizc an 
cxncdition, un der its control, to procecd to the neighbourhood of James bay. the const 
of L'lbr;idor, or other suitable place, to observe and report upon this cclipsl. 

'And be it further requested that a limited number of members of the Royal As­
tronomical Society of Canada who are qualified observers shall be 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 bas obtained in ail 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 comm:md, 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 increase 
of the party, invitations were issued to }fr. 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, besicles myse1f, of 
Messrs. Plaskett, Macara, Gauthier and Near. Mr. Menzics, 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 obviously 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 rivez, 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. Louia 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 N orthwest river a few days before the expedition, he 
was fortunate in finding an excellent p]ace near the Hudson's Bay Company's post. 

Here the expeclition landed, and after much labour the installation of the instru­
ments was completed some days before the echpse, which gave time for the necessary 
practising and accurate adjustment. 

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

On the 29th a strong easter]y wind prevailed, bringing c1oudy skies. This wcather 
continned during the night and the next morning dense c]oucls obscured the srm 
throughout the time of the eclipse. Totality, which occurred a few minutes before 
e1ght o'clock, was marked on]y by the dense darlmess, and the careful preparations for 
photographing were rendered nugatory. 

It had been hoped that good photographs of the corona would be obtained on this 
f'ide of the Atlantic, which by comparison with those taken in Spain and Afric11 
would afford information as to the variations of form, during the elapsed time, of the 
little-understood corona. 

Unfortunately the expedition sent out by the Lick Observatory, whicb was sta­
tioned at Sandwich, bay, some 100 miles rastward from us. was eqm11ly unsnccessfol. 
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Imm.ediately 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 :­
'l'h P. instruments and proposed observations of the observatory party are fully de­

scribed by ~fr. Plaskett in his report. 
Mr. Maunder, representing the Royal Observatory at Greenwich, was equipped 

as follows :-
1. From the Royal Observatory, Greenwich. • 
(a) 'Dallmeyer Ooronagraph,' 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 corona&'raph' 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 telescope 
of 4 inches aperture, lent to Greenwich observatory by Mrs. Maunder. Programme 
as for ' Dallmeyfr ' coronagraph. Oorresponding 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. l\faunder's apparatus. 
(a) Cooke photo-visual telescope, aperture, 3½ inches; focal length, 4 feet. Lent 

to Mrs. Maunder by Messrs. T. Oooke & 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 instrument in 1901. 

(b) Dallmeyer stigmatic Jens, 1½ 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 1 98, and was used also in 1900 and 1901. 

(c) Goerz anastigmat lens, 2 inches aperture, 2 feet local length, :fixed mounting. 
Lens lent by Messrs. Goerz, of Berlin, w,ho 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 Labrndor. a set of stereoscopic pictures of the corona. Programme, 6 exposures, 
each of O ·4 seconds duration, with plates of different sensitiveness. 

In the eclipsc it was inten<led that the telescopes should be worked as follows :-

' Dallmeyer' coronagraph, Ur. Maunder. 
' Abney ' lens, M. J ennings. 
Oooke photo-visual, hlr. Upton. 
Stigmatic lens and Goerz lens, Mrs. Maunder. 
Time keeper, Mr. Russell. 

l\fr. liienzies, as magnetic observer, was provided with the following instruments : 
hlagnetometer for recording photographically daily curves of horizontal force 

and declination. 
Elliott magnetometer for determining absolute declination and horizontal force. 
Dip circle 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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11Ir. Louis B. Stewm-t 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
t ions of the various instruments. 

Rev. I. J. Kavanagh, S.J ., reports as follows upon his proposed observations for 
the purpose of charting the extreme eoronal 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 aceount of the large 
atmospheric absorption, no means were neglected to seëure records of their form and 
direction for comparison with the data elsewhere to be obtained. The fact of our 
. tation being the vcr;y :first, as that at As ouam was the last, in the path of the lunar 
shadow, gave a special value to observations made at this point. Moreover, the in­
ereased solar activity in this maximum sun-spot period, made it very probable that 
there would be nota~le _,,ariations in the coronal appendages. 

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

Fine seeing being all important in this work, the eyes of the observer 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 teleseope provided with slow motion. A thin 
board, blackened on one side and white on the other and pierced by a quarter-inch 
bole, constituted the eye-piece. At the end of the rod, 10 feet away, was an opaque 
dise of a size calculated to cover the moon and four minutes of arc beyond. An 
assistant, Ur. H. M. S. Ootter, of the Hudson's Bay Co. post, was, by means of the 
slow motion, to keep the shadow of the dise on the eye aperture of the board, 
which, on this sicle, was covered with white paper to facilitate the operation. This 
adjustment w.as to bave eommeneed some time before totality, and, even if the shadow 
of the dise were too indistinct 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 eharting to scale _was to be doue on a light blue paper on which the pencil 
marks would be just visible in dim light. In the centre was a black dise the size of half 
a crown, and all around a series of concentrie circles, the disc's diameter apart. These 
half-erown dimensions have been suggested and wiclely aclopted in view of seeuring a 
uniform scale for sueh draw~ngs. At the several stations set up in Spain by the 
J esuit Fathers this observation was, in each case, confi.ded to fi.ve people; one for ~ach 
quadrant and one to supervise the whole. 

In remote preparation for this observation a considerable amount of practice in 
epecial drawing was absolutely neeessary. For this purpose, several diagramatie 
sketches were made on dark paper. A black dise, fi.ve 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 
~ere placed in a dim light about 5 ·5 metres away, so that dise subtended the same angle 
as the moon on the eclip e day. These diagrams were copied over and over. 

Excellent praetice 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 aceurate charting.' 

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

'In my own charge were the following instruments :-
' 1. A fi.ve-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 w,hich 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 shom the inner and outer corona on the same scale, 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 tome by Dr. King, and 
was fitted on a cernent pier. This camera was provided with an enlarging apparatus 
making i"t 5 feet equiv. focus, and designed to photograph the inner corona and 
streamers. At my request Dr. A. S. Johnson, of Chicago, e<litor of the Technical 
W orld kindly undertook to handle this instrument. 

'3. A 6-inch Gourlay compass transit which I had previous to the eclipse care­
fully adjusted, and with which I made observation for the magnetic variation which 
1 computed to be 36 degrees 52 minutes, and with which instrument I also observed 
a fluctuation of 8 minutes during totality. 

' 4. I 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 -a fl.eecy cloud with the 5-inch telescope, and beg to ask your acceptance of an 
enlarged print of the same. 

'Mr. J enkins 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. 
'2. A Bausch and Lomb camera, to which he :fixed a Thorp's grating, and designed 

to take long exposure photographs of the sun together 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. J enkins successfully photographed the sun three-quarters of an hour after 
the .eclipse, 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. 

Mr. J. R. Collins, of Toronto, proposed to take a succession of photographs of the 
rnn from the beginning to the end of the partial phase. His telescope was of peculiar 
construction, a combination of refractor and refl.ector, 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 bcen 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 bas been continued as in the past, by the two parties, Oanadian 
and United States, working independently of one another, on different parts of the line, 
subject to mutual inspection and check. 

Of the ~cction of this line west of the Rocky mountains, 410 miles in length alto­
gcther, the' part from the su=it of the Rocky mountains to the kagit river is now 
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practically completcd and monumented. The line in the lower va1ley of the Fraser 
river from the Cascade mountains to the sea is also nearly cornpleted. There remains 
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 natuul history of the 
neighbourhood of the 49th parallel west of the Rocky mountains, and Dr. R. A. Daly 
his geological researches. By order in council, Dr. Daly was transferred in J uly last 
from the Geological Survey to the Department of the Interior, thus carrying out the 
intent of bis original appointment as geologist to the International Boundary Surveys. 

The London Tribunal of 1903, in its 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 A ward. An 
agreement has since been corne to between the governments of the United States and 
Great Britain, whereby the boundary line shall, across that space, be laid down in ac­
cordance 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, bas been continued during the present season. Mr. C . .A. Bigger has h11d gen­
eral charge of the field work of the Canadian parties. 

The distribution of the survey work on this line has been as follows :-
Canadian survey party working northwesterly from the head of Portland canal, 

Mr. Gco. White-Fraser, D.T.S., in command. 
In the region about the Unuk river, a United States party, under command 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 regiou of the upper Chilkat river, a United St!!tes party, unde1 Mr. A. J. 

Flemer. 
In the region of the upper waters of the Salmon river, a tributary of Chilkat river, 

a Canadian part;v, under Mr. W. F. Ratz, D.L.S. 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 accompany 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- t' 

bunal. Mr. Bigger assisted Mr. Leland in the identification of certain points at White 
Pass. 

In June an informa] suggestion was received from Mr. Tittmann that a joint ex­
amination be made of the monuments marking the boundary line b~tween 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 Ortler 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 1'.Ir. G. C. R ainboth, 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, manÎ­
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 ri ver, wi th the exception of . the densely forested parts a long the 
• Highlands,' which coul<l not be reached without the expenditure of considerable t ime_ 
and money. The work was completed a short time ago, and a report has not .s,·et 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 observations 

during the season, to which bas 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 Transpacific longitudes between 
Canada, and Australia and New Zealand. 

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

A.ppendix 5.-Report of the e:xpedition to observe the total solar eclipse, by J. S. 
Plaskett, B.A. 

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

Appendix 7.-Tabular statements of the observations for longitû.de 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 Astro.nome1· 

and Interna#onal Bounda>ry Oommissioner. 

e 
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APPE.NDIX 1. 

P ERMANENT STAFF OF THE ASTRQ.NOMICAL BRANCH, DEPART­
MENT OF THE INTERIOR. 

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

CORRESPONDENCE AND ACCOUNTS. 

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

OBSERVATORY DIVISION. 

Otto J. Klotz, LL.D., D.T.S., astronomer. 
J S. 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. 
J. D. Wallis, photographer. 

BOUNDARY SURVEYS DIVISION. 

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

OTTAWA, October 7, 1905. 
W. F. KING, Esq., B.A., LL.D., D.T.S., &c. 

Chief Astronomer, Department 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, 
Y our obedient servant, 

OTTO J. KLOTZ. 

REPORT UPON FIELD ASTRONOMIOAL OBSERVATIONS AND DESCRIPTION OF RALF-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 n;iade between Vancouver and Seattle. 

Accordingly I left in May, with the astronomie 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 astronomie outfit was the same as that used by me in the transpaci:6.c longitude 

mark, with the exception of the transit micrometer, to be described later. 
The transit Cooke No. 3 is by T. Cooke & Sons, and known as No. 504 of their 

catalogue, 1900, with slight modifications ordered by this office. It bas an object glass 
of 3 inches clear aperture, and 36 inches focal length; axis 1¼ inches in diameter, 
Y's 1 fis inches in width, and the support of the axis is on two cylindrical segments of 
¾-inch long arc each. • 

The telescope is provided with two 6¾-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 ]C\·cl is providcd, one division equivalent to ·08"0
• The vial re ts 

on cork tips and is retained in position by ligbt 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 out, if left burning continuously. For reduc­
ing the light there is a movable dise, with a circular reducing aperture, attached to 
t.he 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 w.as 
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. One 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 circuit 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) barrel' or cylinder chronograph w.as used. The cylinder is 
6¾ 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 W aterman fountain pen attached to an arm on the armature answered the purpose 
of a recording style. By means of a fi.nely divided glass scale, with divergent-con­
rnrgent 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 li 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 or_dinary make-circuit telegraph key, and 
a break-circuit key used only for sending arbitrary time signals; a talking-relay (150 
ohms); a split 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 eut-outs. 

The whole is mounted on a rosewood board 1 inchcs by 24 inchcs, hollowed out 
on the under side where the covered connecting wires between relays, switches, eut­
outs and binding posts are exposed for ready examination. 

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

Since the transpacific work, fi.nished last y~ar, the telescope bas been provided, 
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also Oooke No. 2, with the registeri.ng or transit micrometer. It will be in place here 
to say a word about this attachment. 

The essence of longitude work is accurate time determination. If -w,e have an 
accurate time determination at two places and a comparison 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. Tb'e 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 tbis interpretation is dependent upon the temperament of the 
observer, that is, upon his 'personal equation.' With experienced observers the per­
sona! 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 
d'3termination. Hence the difference of longitude between two places as determined 
by two observers is invested with the error due to the difference of their persona! 
equations. This error is inherent to the method of ob.serving transits over threads. 
The only way to eliminate satisfactorily this error is to exchange stations and instru­
ments, and make another differential longitude determination, un<ler the supposition 
that the persona] 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 question was how to get rid of the 
persona] 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. 

The fondamental conception of this micrometer is that wo 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 middla 
of the field of the telescope where the registering is doue. 

Up to 19J5 practically the onl:,· longitude work that had been done witb the transit 
micrometer was the work carried out by the Geodiitische Institut, Berlin, and the 
most notable determination is the classic work of Professor Albrecht and 1.[r. W anach, 
in 1903, between Potsdam and Greenwich, in which the most elaborate pains were 
taken to obtain an absolute result. In order to prove the elimination of persona! 
equation by means of the transit microrneter these two observers exchanged stations, 
~nd ~he. two independent determinations agreed within the third place of seconds, that 
1s, w.Jthm a thousandth of a second of time. So that we now have the assurance by 
rueans of this micrometer to make longitude determinations without exchange of sta­
tions. From tests made at Washington 1.fr." J. F. Hayford United States Coast and 
Geodetic Survey, is uf the opiniou that the result of three d~terminations of longitude 
made b;v means of the rnicrometer is equivalent in merit to that of ten nights, with 
exchange of stations, by the old metbo<l. 

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

As om: ~wo transit micrometers were made by Saegmuller, of Washington, under 
the superv1s10n of the Coast and Geodetic Survey, I can not do better than give a 
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description thereof as given (Appendix 8, Report 1904, U.S. C. & G. S .) by Mr. E. G. 
Fischer, Chief of the Instrument Division, with slight modifications: 

Before consiclering the details of this micrometer, three points were determined 
upon as being essential to insure accurate and clecisive action, durability and con­
rnnience in reading the chronograph record made by it. 

First, it was dccided that the mechanism of the slide carrying the Vï,ire should be 
of the form in which the screw is mounted in bearings ai the extreme ends of the box 
or case holding the slide, the micrometer head being fast upon the end of 1.he 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 fonn usually em­
ployed in theodolite and ocular micrometers, in which the screw is fastened to the slide 
an(l therefore takes part of Vïhatever play there may be in the latter. 

Second. it n-as decided that the electric recording device of the micrometer should 
lw of the makc-circùit form, transmitting it records to the chronograph. which is in 
the break-circuit of the chronometer, through a relay. This permits the use of a strong 
currcnt through the contact points of the micrometer head, and therefore a minimum 
o: pre~sure upon the latter by the contact spring. 

Third, in order that the micrometer transmit no record except those made within 
an rwc:qited spacc on eithcr sicle of the line of collimation and forming the observa­
tion nf tl1c star transit proper, an automatic eut-out must be providecl. 

The micrometer box or case is 46mm in length and 31mm wide. Within it and near 
to one sicle is mounted the micrometer screw. Upon the latter fits, by a thread and 
eylinclrical bearing, a rectangular frame forming the slide, which is 31mm long and 
23mm wide. All play or lost motion, both of the slide upon the 1.crew and the 
anew in its bearings, i s 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 adjustable 
abutting screw, ·without impeding its free rotary motion. Upon the slide, at 
Tight angles to its line of motion, is mounted the single pider thread, which 
is used for bisecting the s11;al' during its passage across the field. Two threads, 
parallel to the line of motion about five time econds apart, and mounted 
against the inner surface of the box, define the space within which the observations 
,;h:mld be made. A short comb of five teeth, with distances equal to one turn of the 
screw between them, iis also provided and indicates the four whole turns of the screw 
within which the observations are to be made. The diameter of the field of view through 
the Airy diagonal eyepiece, which bas an equivalent focus of 15mm, is something over 50 
turns of the scrcw; thus giYing a space of fully 23 turns of the screw on each side of 
the four tums 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 bas the 
micrometer head fitted upon it, and secured ~n "Position by a clamp ~ut. The edge of 
thi,c; head graduated at the corner nearest tbe box to 100 parts (a, 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 32= (b, figs. 1, 2). Sunk into the outer side of the heacl and fitted con­
centrically with it is a thin metallic shell, which bas fittecl upon it a hollow cylinder 
made of ebonite, 6mm long and 26= diameter (c, fig. 1, 2). Five strips of platinum 
o-4mm thick, d, and corresponding to the 12 :5, 25 ·O, 50 ·O. 75 ·O, 87 ·5 division points of the 
graduation, a, are slotted into the edge of the ebonite cyl\i.nder, c, 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 threacl of th<' sercw, 
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 1;o correspond to the zero of the graduation, which 
latter is read by the index. 

25b-2 
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A small ebonite piate, secured to the micrometer box, carries upon its outer end, 
mounted in a sui table metal block, the contact spring, f. It ends in a piece of platinum 
turned over so as to rest radially upon the ebonite cylinder. Its width is 5 millimetres, 
and its thickness that of the contact strips, i.e., 0 .4mm. A small screw, e, serves to 
adjust the pressure of the spring upon the cylinder. Against one end of the micro­
meter box is fastened a small bracket, upon which is centered a small worm wheel, g, 
gearing into the screw head of the micrometer head. Jt has 40 teeth, and moves ·one 
tooth for each turn of the micrometer head. The rim of a cup-shaped cylinder, h, which 
ic; !'ecured to the worm wheel so that it can be turned and clamped in any position re1a­
ftli\v~ to thE1 zero point 9f the micrometer head, has eut into it a notch, i, 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, r, reaching over the rim of the cvlinder. The 
other end of the lever carries a small ivory tip, l, which :rests upon the end üf a spring, 
m, mounted on an ebonite plate and pressing at its midd.ia point against a platinum­
tipped screw, n. Whenever the small st.eel pin of the lever rests in th1, notch of the 
cylinder, the spring is in contact with the screw and allows the flow of an electric cur­
rent through the coiled wi:res o, p, to the contact spring, f. But when the micrometer 
has been turned two revolutions to either side of the middle or zero position, and 
i.ts motion is continued, the sloped ends of the notch in the cylinder will eng·age the 
lever, and through it force the spring, m, away from the screw, thus breaking the cur­
rent. It will be seen, therefore, that this arrangement permits of the motion of the 
spider thread across the entire field w:ithout transmitting records to the chronograph, 
exoept during the four revolutions symmetrically disposed about the lÎne of collima­
tion. 

Against the inner side of the micrometer head is fastened a spur wheel, s, with 40 
teeth of 48 dimetral (inch) pitch into which gears the wheel with 80 teeth, I, moullteà 
on the hand-iîheel shaft. This shaft is supported by arms from the micrometer box. 
The hand-wheels, w, have a diameter of 40mm, are 135mm 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,, x, fastened 
to the micrometer box, which in turn is mounted by doveta:il slides upon a rectangular 
frame. 

As indicated in the description of the ebonite head, c, with its five platinum con­
tact strips, d, the instrument itself is used as part of the electric conductor forming 
the relay circuit. The relay of 30 ohms resistance couverts the make records into 
break records in the chronometer and chronograph 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. withi11 the latter to an insulated metal cylinder projecting from 
the transit piYot. Eacb of the wye Leàrings of the transit hns fastened to it an in­
sulated contact spring, which. being connected with an insulated binding post at the 
foot of the instrument, establishcs the circuit whether the telescope lies in an east or 
west position. .Another binding post, screwed directly into the iron foot of the transit, 
a:ffords a ready means for making the necessary connection to begin observations. 
A quick motion screw, y, carries the eyc-piece across the field. 

The abovc ilcscription serves for the micrometers of Coolrn tran its, No. 3 imd 
No. 2. As these instruments are uscd also as zenith telescopes for latitude observa­
tion>', the cyc-picce wi~h micrometer attachment is made mnvahle through 90°, so 
that the w•rtical micromcter thread for transit observations becomeP h0ri7',ntal and 
adapted for measuring zenith distances. The value of one revolution of the micro-

Il 

meter, 100 diYisions, is about 47 ·5, so thnt, estimating a tenth of a division we 
Il 

nhinin readings to ·05. The wholc number of l'evolutions- of the micrometer is 
rcarlily rend 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 fixeù 
on the micrometer attachment for the respective horizontal and vertical position:, 
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 mille<! 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 band, 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 band would 
simply correct any slight deviation as with the tangent screw and clock work of an 
equatorial. However, no such automatic device bas yet evolved. 

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

For the circuit of the micrometer four Columbia dry cells were used in conjunc­
tion with a 30-ohm relay of which the back points served to make the break-circuit 
necessary for œcord on the chronograph. Whenever the platinum strips, by turning 
the micrometer, came in contact with the stationary platinum spring, contact 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 progra=e 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 seveI) 
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 foui-teen 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 the 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 eliminatBd. The reduction of the observations was made in 
the usual w.ay, 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 carried out in the following manner: Vancouver 
would send twenty arbitrary signals with intervals of about two seconds by means of 
the break-circuit. key to Seattle, the signals being recorded on both chronographs, 
Vancouver giving a rattle to signify 'finished.' Seattle would tben 'rattle' it.s begin­
uing 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 (tran it bouse) at 
Brockton Point in Stanley Park. During the past year a small office or work-room 
bas been added to the building as well as the benefits and comfort of the waterworks 
system. 

25b-2½ 
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As on previous occasions here, the chronometer was placed in the brick-powder 
vault, near the observato1·y, 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 
qbservations, due to clouds, were obtained. 

The :first differential longitude determination was obtained on June 8, when Mr. 
J. E. 11:cGrath was observer at Seattle, having exchanged stations, Seattle-Sitka, w.ith 
Mr. E. Smith. The Sitka longitude was carricd 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 relative proxirnity 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
rnination. By June 17 the requisite number of observations had been obtained. 

FA'fHER POINT. 

Having finished the Vancouver-Seattle longitude I returned to Ottawa and then 
proceeded to Fatber Point, Quebec. Here were bnilt a brick and cernent pier, as well 
as the 10-foot square observing hut on the property of J. McWilliams, immediate]y 
adjoining the ligbthouse reserve. The centre of the pier is 125 feet 7 inches due soutb 
of the centre of the revolving ligbt surmounting the ligbthouse. 'l.Lle magnetic de­
clination (Ju]y 6) was found to be 20° 55' W. As usual the pier, 22 incbes by 27 
incbes, was built on a cubic. yard of grouting beneath the surface of th~ e:utb. The 
top of the pier is always made 30 incbes above the floor of the but, whicb is built of 
dressed flooring, tongue and groove, with the planed side inside. Tbere is always a 
2-foot clear opening in the roof, covered by two sbutters extending longitudinally over 
the building. 

The telegrapb wire of the Great North Western was eut and led directly into the 
observatory, from wbere the necessary telegrapbing for exchange of time signals was 
done at night. The lengtb of line, Father Point to Ottaw,a, _via Montreal, is 486 
miles, and the signal excbange was very satisfactory, occupying only about five minutes 
of timC'. Therc "·as a rC'peater at Montre'.ll. On the Ottawa-)Iontreal ection 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, pbeno­
menon experienced was the very warm gusts of wincl in the evening (10.30) of July 
5 ancl again on July 7. Their duration was but a few seconds, and they appeared to 
corne in narrow streaks from the south, wbere the banks of the river slope back to an 
altitude of several hunclred feet. These warm (relatively bot) gusts would rapidly, 
for a short •time, alternate witb cool winds, or apparent]y cool ones, as the general 
tcmperature w,as low. The suddenness of the pbenomenon and the bigh temperature 
was so markecl, tbat I, facing the north outside of the observatory, quickly turned 
about, believing that a fire hacl been kindled near me. Was the pbenomenon tbat of 
Chinook or Foehn~ 

B~- J uly 21 tbree mutual1y satisfactory nights transit observations had been 
obtaine<l, as well as some latitude observations. 

Sc,·cral photographs were taken to connect the observatory with surrounding 
buildings. 

TADOUSAO. 

Lnst April Sir William )Iacgregor, Go,·ernor of Newfoundland, wrote to me ex­
prPssing the rlesire to have some point (e.g. Chateau bay) in Labrador fixed in longi­
tude, as thPrc was no tcleo-raphic longitude station on th.at coast. After discussing the 
011atter with you, it was nrranged thnt I sbould occupy T adousac at the mouth of the 
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Saguenay, the accurate lougitudc o.f which wa besicles tlesired, whilc Sir \Villiam 
woulcl occup~· Chateau bay. The longitude of Chateau bay would not only serve as the 

• injtial or gowrning longitude for the Labrador eoast. but would also assist in the de­
tcrmination of the po ition of the Canndia11 and lTnitcd States (T,ick observatory) 
ecli1 sc cxpeditions. 

Acc01·clingly after completing the observations at Father Point I proceeded to 
Tadousac, via Rivière du Loup, where the necessary building :naterial, lumber and 
cernent, had to be obtained. 

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

The telegraphic connection betwcen Ottawa and Tadous.ic wm, via the Great North 
Western, through Montreal and Quebcc, to Murray bay, where the government tcle­
graph along the north shore of the St. Lawrence begins, and then to Tadousac, a dis­
tance of 461 miles, of which li miles are cable across the mouth of the Saguenay. There 
\;fü\ a rcpca-ter at Montreal. On the 0ttmm-::\Iontreal section of 120 miles, there were 
J 20 rnlt;;. and on the remain-ing i::cctiou 180 volts. 

· From Tadousac to Château bay, oppo ite Belle Isle, is 958 miles; thbre aTe two 
cables on this section, the one of 12 miles bet1,cen Ber.oimis and Pointe aux Outarde . . 
and the other of 26 miles, between Pointe Paradis and Rivière Gadbout. The cables 
being so short, form directly a. part of the land line system. 

1iir. D . H . Keeley, general superintendent, had arranged for the use of the govem­
rnent line, and Mr. Edwin Pope, district superintendent, and also superintendent for 
the Great North Western, at Quebec. issued instructions to the operator · along the 
line about the exchange of time signa]s. 

· On thlse ()58 miles there are two automa.tic repeaters, one at Bersimis, 98 miles 
cast of Tadousac, and another at Mutton bay, 611 miles east of Bersimis. 

On August 1, Sir William Macgregor wi:ced me his arrival with 6-inch transit and 
G box ch.ronometers at Château 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 exe;hange with Château bay was had, and an­
other on the 5th. The following day Sir William left for Cartwright, in connection 
,,ith the edip,;e expediiion. His time <leteTminations at Château bay were confined to 
solar observations, as no stars were visible during his stay. After the eclipse he re­
turned to Château bay on September 1, and had time exchanges directly with Ottawa 
(as 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 obtai_ned. 
A linear connection was made between the observing pier and the hotel. 
The meridian through the centre of the pier passes one foot wcst of the fl.ag.po]e 

over the tower of the main or office entrance to the hotel, and the flag-po]e is 211 feet 
south of tlie pier. It is 170 feet from the southeast corner of the hotel vernndah 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. 

everal photographs weœ taken showing the relative position of the observatory 
to surrounding objects, including al~o the Jighthouse on the rcef extending irom the 
south side of the Saguenay into the St. Lawrence . 

• 
HARVARD. 

As Harvard College observatory has been the zero or initial meridian of longi­
t11des for the United States, it was deemed desirable that a direct connection sbould be 

• 
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made between Harvard and Ottawa, especially as we were making u 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. O. 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 wa eadily ·accepted, 
and shortly afterwards the building, a neat 10 ft. x 12 ft. painted structure, having a 
cernent pier 22 in. by 32 in., was ready. 

The building has a tinned gable roof, and a shutter;. (wooden frame covered with 
painted canvas) on each side over the twc..foot 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. 
Gerrish. The pier is north of the dome 135 ·94 ft.=1" ·.34, and west thereof 124 ·14 
ft.=l".65 = 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. 31 :16s. 

In the latter part of August I repaired to Boston for the Harvard-Ottawa longi-
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. Ilaving adjusted this, it was found that the ebonite ring -w.as 
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 
rmain 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 being well grounded, the 
circuit was very satisfactory. 1 

For the telegraphic exchange of time signals the Western Union and Great North 
Western telegraph companies kindly placed their Enes 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 w.as desired between the Oanadian 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. 
Rotch is director, owner and supporter, although Harvard Oollege 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 distinguisbing work 
is the study of the upper regions of the atmospbere 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 boybood, wben one flew kites that looked like !rites, w.hich had 
such nice long gracefully moving tails. Of this appendage the scientific kite is devoid. 
Tlw kitc is a rer·tangular parnllelepipooon. the edges being thin bamboo rods braced 
by thin wire. The surface is covered with 'percaline,' a closely woven ligbt cotton 
fabric. To the kite is attached a meteorograph in small compass and containing all 
the necessary self-recording meteorological instruments. Piano wil'e 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 bave 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. H eights 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 P olaris. In the focus of the telescope is placed a photo­
graphie film, and by an ingenious devioe the exposure is begun an bour after SU11set 

and closed an bour before sunrise. If the sky is unobscured in the vicinity of the pole, 
P olaris 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 compleme11tary instrument to the abovc 
is the su.nshine recorder. 

Referenoe may be made to an apparatus installed at Blue Hill for recor<ling 
minute quantities (drops of rain), quantities that could not be measured nor even 
detected by the ordinary rain-gauge. A mica plate covers a cylincler carrying a sheet 
of paper ruled with aniline ink into appropriate time diYisions, the cylinder being 
driven by clock work. In the mica is a !-inch hole. If the rain fall is co11fine<l to in­
dividual drops only, a drop falling througb this hole will wet the paper and blot the 
ink on one or other of the time lines, and thereby record the faet that some rain fell. 

While at Harvard, Urs. Fleming discovered (August 31) a new star-Nova 
Aquilœ No. 2-in the constellation Aquila. A photograph of its spectrum, which the 
<lircctor showed me. shows the hydrogen line II8, Hy and Il/3 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 unoecupied 
time permitted with the work of the observatory, and it may not be out of place to' 
quote the words of Prof. Pickering with referenoe to the policy of the ob&ervatory. 
' 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, spectra, and other 
physical properties. In recent years, routine investigations on an extensive scale, each 
occupying many years, have constituted the principal part of the work. When prac­
ticable, every investigation is made to cover the entire sky, the nol'thern stars being 
observed at Cambridge, and the southern at the station in Arequipa. An attempt îs 
made to secure the most favourable condition for observation and to employ new and 
improved methods to eompensate for the lack of instr~ments 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 nem object is discovered, we have here the only existing means of studying 
its past history for many years. As examples may be mentioned NÔva Aurigœ, the 
pl:met Eros, and Cornet a, 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, m.ight 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, therefore, many large telescopes which are idle, observatories insufficiently en­
dowed, and skilful astronomers whose appliances for research are entirely inadequate. 

'It is the abject 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. It 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, persona] 
equation observations were made between Mr. R. }I. Stewart and myself. During 
the season he observecl at Ottawa with Oooke No. 1 transit, which i as yct not provided 
-.vith the transit micrometer. A transit shed and pier were erected 20 feet 4 inches 
due south of the temporary one occupied by Mr. Ste-w.art 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 respectively with No. 2 and No. 3 Oooke, each of 
them being provided with the transit micrometer. As anticipated, the differential 
personal equation, with the transit micrometer became practically a negligible quantity. 
About the samE! time hlr. McDiarmid and Mr. Stewart observed for personal equation, 
using respectivel.v Cooke No. 2 and No. 1. The resulting value gave the persona] 
equation of Mr. Stewart, who used the transit key while observing transits over the 11 
threads of the cliaphragm, It was hence really not necessary for me to oh er,e to 
obtain the personal equation of :i\Ir. Stewart, however, it was thought more satisfactory 
to do so, adcling H10reby to the weight of the differential longitude Harvard-Ottawa. 

Four inclepenclent time cleterminations were macle between us in three nights. 
The same clock Howard was used, the current being divided between the two relays of 
the observing buts . The clock is in the time room of the obser,atory and ha., 
a rate (losing) of le;:;s than a second a clay. Each timc clctermination consistcd of 12 
stars, six observed in position clamp east, and six in clamp west. One of the stars in 
cach position of the instrument was a polar. To eliminate the enor of star places the 
same stars were observed each night by the two observers. None of the obsenations 
have as yet been reduced. 

PENDULUM APPARATUS. 

In the spring· of 1902, I procecded tu Washington to receive the half-seconcb pen­
dulum apparatus that had been consitructed by Saegmuller un<ler the supervision of the 
United States Coast and Geodetic Survey, and also to obsene therewith on the Coast 
and Geodetic Survey pendulum pier in the basernent of the survey building. This pier 
bacl been occupied sorne ;vears before b;v Commandant Defforges with a seconds-pendu­
lnm and abo by :Mr. G. R. Putnam with the half-secomls pendulum before and aftcr 
observiug with lhe same apparatus at London, Paris and Berlin, standardiziug inter­
national obsc-rvations. As the half-scconcls penclulum apparatus gives not absolute but 
onl~· relatirn values for graYity, it was clesirable that observations with our apparatus 
should be made at a station where the aLsolute value of 'g' was lmown, so that future 
relatiYc vaines ,~hC'n oLtainecl, might be co1we1·ted into absolute ones. becomiug thereb~· 
available with foreign values for the further study of the figure of the earth, and 
more particularl~· ils deviation from the one based on mathematical eonsi<l.eration,:. 
For this reason ohsel'l'ations were made at Washington, and abo to familiarizc one•~ 
self with th1s forru of apparatut:. under the supenîsion of an expert oh .. en·cr, :lfr . 
. Edwin Smith. 

This apparatus is the ou tcorne of the want felt for a portable apparatus, insuring 
accuracy, rapidity of observation and com·eniencc. IIitherto the cost invoh-ed in m;ing 
the reversible seconds pendulum for the determination of gravi~ at a station was large, 
and the time required was considerable, so that cornparatively few stations could be 
occupied in a season. 

Jn 1891, Professor T. O. }Iendenhall, at the time superintendent of the United 
Stn(,,; Coa,.:t aml Geod,•tic Sun·1·,\·, had constructed a half-~cconds pcncluluru apparatuc.. 
which bas been successfully used ever since. The Canadian apparatus is mo<lelled after 
the above. Its characteristic features are, three inrnriable non-reversible pendulums: 
an air-tight recefrer in which the atmospheTÎC pre.:,sure 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 for, the measuremcnt of 
relative force of gra vit;y is to detcrrnine the perioù of o:,cillation, and also the variable 
conditions that affect tbat periocl . To attain the latter the air-tight compartment adcl<s 
in a high clegree. 

Pendulums.-Three pendulums (two thereof, a, b, shown in :fig. 3), 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 madP of an allo.Y of nluminum JO p<·r cent and coppcr 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 millimetrcs in length from the centre of the bob to the agate plane. The Jengths 
of the three pendulums differ slightly, being made intentionally so. The stem and bob 
nre des igned so as to offer little resistance to the air when in motion. The bob is solid, 
and is !) centimetres in diameter and 4·5 centimetres thick at the centre. Its form is 
lenticular. The stem of the pendulum is rectangular in section, 4 by 14 mil1imeh'€S, 
with roumled eclgcs, nml is rigidly fastened to the head and the bob. The pcndulum~ 
have nn agate plane, c. set in the head which re ts on the agate knife-edge, d, on which 
they nre swuug. This so-called lmife-edge i formc-d ùy carefully ground planes meet­
ing at an angle of 130°, thus insuring greater permanency than could be expected with 
11 sharper edge. For invariability in the length oî 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, e, which is secured by a screw to the shelf in the pendulum case. 
or receiver, f, :fig. 4. As a check in case of injury, there are two knife-edges with the 
· appnratus marked I. and II., each in its own plate, either of which may be set in the 
case. The adnntage in using several distinct knife-edg s a well as distinct pendu­
lums heing that by the relation between the independent results thus obtained, a con­
t inual check on the constancy of the instruments is furnished. 

A small rectangular mirror, g, is set in each side of the pendulum head. These 
rcquire very careful adjustrnent, 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 
p1aced, and in line with the image of the :fixed similar mirror on the plate carrying 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, h, which bas leather-lined hooks :fitting under 
pi'"'ots on each side of the head. It is, therefore, never necessary for the hand to corne 
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 projecting at each end over and beyond the agate 
plane. This lever is moved by a large milled-head screw, i, on the outside of the re­
ceiver so that the pendulu111 may be gently lowered and raised without injury to the 
knife-edge, which could noL so safely or readily be clone directly by hand. A spring, 7~, 
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, 
l, similar to the other in maierial and dimensions, save that it has no rnirrors, Dnd 
is supported within the receiver that it cannot oscillate. It has mounted on its stem a 
thermometer, m, who e bulb is buried in the stem near the bob, and packed w,ith the 
alloy metal :filings, the endeavour being in this way to obtain as near as possible the 
actual temperature of the swinging pendulum. 

'1.'he R eceive1·.-The body of the receiver, f, is a heavy brass casting, with walls 7 
millimeters thick, and of in ide dimensions 17 ('Cntimctres squnrc at the top, 21 by 2f-, 
cm. at bottom, and 3 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 forrns a so1id shelf, 
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but having openings in it through which the pendulum, du.mm-y, 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 v.hich the pendulum swings. This 
latter plate is supported on three points and firmly screwed to the shelf. To it is 
attached the adjustable :fi.xed mirror, n, already referred to, and is so adjusted that the 
images of the slit, as seen in the observing telescope, o, re:flected 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 telescope mounted on the side 
(on the opposite face of fig. 4) of the receiver for reading the arc of oscillation. 
1he receiver is supported by three large foot screws, p, resting on heavy circular foot 
-plates, one of which has a spherical hole, one is :fiat, and the other has a V-shaped eut 
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 v.hich may be reversed on the knife-edge. On 
the sides of the case are two levels, s, t, transverse to each other, for assisting in levell­
îng 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, i, 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 consista of a light metal box, x, mounted 
on a brass stand having both vertical and azimuthal movements and clamps, and 
carries above it an ordinary observing telescope, o, which may be focussed for objects 
within a few feet. The object of the :flash apparatus is to observe coïncidences between 
the swinging pendulum and the clll'onometer used for determining the period or time · 
of oscillation of the pendulum, v.hich 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 a 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 carr:es an arm whieh 
moves two shutters; by an ingenious device a flash of light is emitted from the box 
only w.hen the circuit is broken. The light for the :flash is furnished by a small oil 
lamp, y, attached to one sidc 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 chTonometer is macle to break circuit at every even second, omi tting the 
58th for identification 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 tv.o images are 
observed by means of the telescope. 

\VbPn 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 fo ct that the pendulum makes a double osc:Ilation in a 
little more than a sidereal second, and hence will be fonnd slightly behind its former 
positio11 nt t h<' 0 11<] of ench preak wlien the :flash is throw,n. The moving image will, 
therPfore. :i pp<'nr to tram] up and clown across the field of the telescope by successive 
Jumps, wholly disappearing from the field to return again with apparent retrograde 
motion. Coincidences are obser,ed by noting the time when the two images are in the 
s::i mc horizo nt:1! line. It is e,-ident that in the interva\ between two occurrences of thi.s 

_ phenomenon the penclulum bas made one Jess than twfoe as many oscillations as the 
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chronometer has beat seconds, and that in an interval of time between the füst and 
last of a num.ber of coïncidences, the number of oscillations of the pendulum will be 
twice the number of seconds (s) Jess the number of coïncidence intervals (n), so that 

the time of a single oscillation is readily derived from the relation P =
2 

s . The 
s-n 

elegance of the coïncidence method lies in the fact that a small error iu noting the 
time of coïncidence has little effect on P. 

Use of Apparatus.-One of the principal advantages of this apparatus is the ease 
with which it may be used, and the few inexpensive preparations necessary for its 
rnstallation. For the best work a well-founded brick or cernent picr 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 su:fficient time is allowed before swinging for the 
pf:ndulum tb corne to the temperature of its chamber, as rcpresented by the tbermometer 
in the dummy, this is not esscntial. The correction for temperature may be so well 
known that results obtained at temperatmes 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 scen in the field of the telescope. 

The routine of observing is as follows: W e begin by making a sui table 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. 
Wve next place one of the pendulums, face direct on the pivots, into the case, the 
dummy and manometer having alrcady 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 screw, 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 dum.my. It is 
customary to read an outside thermometer. 

The telescope having been adjusted beforehand so that the image of the :fixed 
mirror falls centrally in the field and that of the pendulum. beside it, the observations 
for coïncidence are begun. Presently one will see the image of the pendulum mirror 
approaching (or rececling) the :fixed image. The image increases in brightness, and 
each break will see it a little nearer the fi...~ed image until coïncidence takes place, when 
the time thereof is noted. This is done by picking up the beat of the chronome~er, 
'1"'hich 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, 
i .e., the flashes \\ould corne at multiples of four. If coïncidence does not take place 
just at a flash, one estimates the position of the image of the pendulum image at the 
flash preceding and succeeding coïncidence and records the coïncidence accordingly. 
This coincidence, let us suppore, to be on the downward motion of the moving imag-e, 
we record this thon as D, with its corresponding timc, 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 coïncidence takes place, and is recordecl 
as U (up) with the time. The following two coïncidences are similarly noted, which 
then su:ffice for this chronometer. 

It 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 dctermination of time of star tran!'-its. 

I t is generally possible to interpolate the coïncidences of the second chronometer 
between those of the fi.rst, 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 '1"'.ait 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 beah 
to the two observing chronometers is known, so that by means of the former the count-
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ing for the seconds of the latter can readily be picked up. With the second chrono­
meter then coïncidences, two D's and two U's, are observed as with the :first. 

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

The stop cock . z, is now -0pened, 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 pivots. After ffmoval of the lid, the pemlulum is 
reversed, R, by means of the handle, let down on the pivots, the lid replaced and the 
air again exhausted to about 55 =·, the pendulum lowered on to the knife-edge, made 
to vibrate as before, readings talrnn of the dummy thermometer, manometer, and am­
plitude arc, and coincidence;:; noted by .the two chronometers. After a lapse of some­
thing over 7 hours, the observations are repeated and the second set for period of 
oscillation obtained, in this case for position R, knife-edge I. 

We next observe with pendulum 2 and knife-edge II a set D, and other set R. This 
is 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 tben repeated in the inverse order, giving 
twelve swings each of somewhat less than hours duration. 

These then are grouped for each pendulum. 
From the two chronometer we obtain a mean value of the period for each pen­

dulum in each position, that is, for each pendulum tbere 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 'J)endulum, and the mean of the three pendulums the desired 
period of -thé pendulums. · 

While the penclulum observations are in progress it is essential tbat time observa­
tions be talrnn too for determining the error and rate of the chronometers used for 
noting coïncidences, 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 mcasuring scale with whieh the p(lriods are measured. 

It may be here mentioned that with careful observations and under favourable 
conditions the pcriod;; · determincd 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 
m.illionths 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 wr 
obtain the approximate interval in seconds between two coincidences, remembering 
that a D or U coïncidence falls respectively between two U's or D's. Dividing the 
number of seconds in thi s interval into the duration of swing, the number of coïn­
cidences is obtained. Although the quotient is not exact, it must be a whole number, 
and thcre is no question what the whole number is, as the quotient readily indicates 
that. Then reœrsing the operation, the whole number of coincidences is divided into 
the duration of swing, or t otal numher of seconds to obtain the average number of 
seconds in one interval. The uncorrected period is then obtained from the relation 

]' = s = s,.. + n 
:.! s- n .•JÜÜ -ts-::?n . 

• 
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, 
ternpcrntnrc 15° C, pressure GO mm. of mercnry nt 0 ° C, true sidcrPal tirne, and in-
flexible support. · 
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Arc correclion.-The correction to reduce the time of oscillation to what it would 
be were the pendulmn swinginp; in an infiuitely small arc is obtained by an adaptation 
,,f B0rdn', formula, as follo"s :-

. Pl\l Rin ('f' + 'f'') Rin ('f' - y') 
Arc c:onect10n = - . --;-: - ,.- -,--

3 ~ log ::::111 <p - log ::;m <f 

vVhen P is the period of the pendulum in seconds, M is modulus of the eommon 
logarithmie system, 'f' and 'f' , are the initial and final semi-arcs respectively. 

T emperature Correcti.on.-The co-efficient neces ary for this correction was deter­
mined experim~ntally at Washington with pendulurns of the same material and con­
struction as those of our office, by swinging pendulums at temperatures, differing about 
20° C, and obtaining the periods at the different temperatures. 

From these experiments the formula for correction for temperature was derived :­
Temperature Correction=+ ·00000418 (15°-T 0

) . 

T beiug the temperature in degrees Centigrade. 

Pressure Corl'ection.-In the original formula of Mendenhall, the standard pres­
sure w.as taken at 500 millimetres, but for later observations the standard has been 
made 60 millimctres, and the following formula from observations by G. R. Putnam in 
1S!)4, giYeS the 

Pressure correction = + ·000000101 [ 60 - l + . oo!~ 7 T" J 
IVh.ere Pr is the mean of the observed pressures at beginning and end of swing, 

and T 0 the mean temperature of the pendulum during the swing. The expression 
Pr 

1 
+ . 

00367 
T' is simply a reduction of the air pressure to a tcmperature of 0 ° 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 period 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, q, 1 ·5 kilogra=es, the force 
thereof applied horizontally in the plane of oscillation, the displacement of the knife­
edge in microns is obtained. From these determinations the following formula îs 
derived: 

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 ·069 (1 + ·005243 Sin' <f) (Putnam), where , is the latitude, reduction to sea­
level must be made. The reduction to sea-level is always positive ::rnd is of magnitude 

2 ~g, 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 therefor 3
1
~ 3- , in which 8 ü 

t:,. 
the densit:y of the matter above sea-level and t:,. the mean density of the earth, is 
necessarily negative. 

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

l 29H (1 3 0 ) t~- . . h h . . . . d cg= + -r- - 4 L1 , on ,ne suppos1t10n t at t e station 1s situa te on an m e-

finitely extended hori~ontal 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 correc­
tion, the 'topographical' correction, giving a third term to the above expression, will 
have a positive sign. To evaluate this term contaur maps of the country surrounding 
the station are necessary, also the density of the matter. 

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 groIB1ds. The place 
w,as well adapted, as there is very little tra:ffic on the streets in the neighbourhood. In 
this basement (same cornpartment) was installed the Harvard sidereal clock, which 
was used for years for all time observations made at the old small observatory (transit 
bouse) on the north side of Cliff 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 cernent pier, :l feet square, was built rin 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 cuî:rents of air. The flash apparatus was placed on a table immediately 
contiguous to fü3 outer wooden wall of the pendulum rc,om, and the coincidence ob­
servJ!tions 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 employeù for noting the coincidences were the 
Iloward sidereal clock and Dent sidereal chronometer No. 48419, both breaking 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 bouse. 

The clock, chronometer and flash apparatus were connected by four small two­
point switches on the table; and at the immediate co=and of the observer. For 
taking the readi:ngs of the tbermometer, 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 pnrliament 
grounds, near the Supreme Court building, is 120 ·82 feet above the city datum. The 
city datum is 120 ·U0 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
fore 73 metres above mean tide ]evel. In the reduction for 'sea level' for the value of 
gradty at Ottawa, the mean density of the earth is taken at 5 ·576, imd the surface 
density of the earth at 2 ·56, b€ing 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.. 
gica1ly. 

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

mula of the simple pendulum, P=,: \ / l where P is the period, l the length of the cor­
g 

responding pendulum, and g the force of gravity. 
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For the invariable pendulum we have then P;. : P;, :: g" : g0 or g" = p;'·_qw. 
The observed value of p, at Washington is taken as 980 .098 (not reduced to. sea 

level), as this value bas 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
eervations of Mr. G. R. Putnam at Potsdam and Washington with the same pendu­
lums gave for Washington g=980.111,t agreeing pretty well with the tentative value 
980 :098. 

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

TABLE TIL 

P endnlmn. P eriod \Vashington. P eriod Otta1Ya. Deduced gravity 
Ottawa. 

Difference from 
mean ~ decimal 

place. 

1 _ 1 
------- ---- ------- -------- ----------

r. 
IT. 

III. 

· 5014'33ï 

· 5()lb530 

•àOUl073 

·5014531 

·5014259 

980'502 

980·5()2 

080 5!l4 

Clairaut's Theorem.-This is generally expressed in the form 
g'-g 5 

g 2 

+ 1 

+ l 

- 1 

m-e, in 

which g1 and gare respectively the force of gravity at the pole and equator, m the ratio 
of the centrifugal force at the equator to gravity, and e the cllipt1city 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'r} f or sea-level. 

The evaluation of g cp 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 ancl 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, füiport Coast and Geodetic Survey, 1894,' Mr. G. R. Putnam dis­
eusses the relative measurements of gravity at twenty-six stations in the United States 
obtained by means of the hali-seconds pendulums. Ile says : ' So as to be able to study 
the results more intelligently. the values at sea-level have been comparE>r'I with thosc> 
computed by an assumed theoretical formula g=978 ·066 (1 + ·005243 sin';), which is 
based on Clairaut's theorem, Olarke's figure of the earth, and the assumption that 
gravity is normal on the eastern coast of the United States.' 

As Washington is the fondamental station for referring the Canadian values of 
gravity, the above formula has been adopted in the reduction. 

For c<:>mparison two other well lmown formulre may be given :­
Helmert (Hohere Geodiisie, Vol. II., p. 85) gives 

n=97 ·00 (1 + ·005310 sin2 
,r ) 

and by Harkness (Smithsonian Tables, 1897) 
u=980 ·60 (1- ·002662 cos r) 

which reduces to 
g=977 ·985 (1 + ·005338 sin21 ). 

------- -
• App. l C. & G: S. Report, 18n4. t App. 5 C. & G. S. Report, 1901. 
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TABLE 

PE:\DULU~L OBSERVATIONS 

STATIOX-\VASHrnGTON, D.C . 

1 
001:--:oroENCE lXTERVAL. ARC. PERIOD UN 

,_; _g --------- ~ 

S · ai I Chronometcr-Negus. c Z § ~ 1 ~ _______ d ~ 
...:::: 0 QJ • ~ .... 

~ I ~ :~ i :r 3 ai~~ 

Chronome 

·§: 1 il fg 1 ·;; No. 1828. No. 1836. 'a .:: fü é No. 1828. 
U) /.'4 i:,., ~ H Ç:., 1 E,-< :l; 

1902. 1- ,- -1-- s -- s - , 1 , C. 0 m.m. - s 

~Iay 21 :!. 1 D I. 168 · 295 171 · 464 51 21 20 · 6.5 54 · 05 · 5014899 
24 10 1 D I. 1G8'566 170 ·8S7 5G 20 21·30 Go·45 ·501-1875 
22 2 l R I. 168·434 171·554 65 231 20 ·20 53·40 ·5014887 
24 n 1 R r. rns -322 1rn ·s24 59 22 21·10 61·35 ·5014397 
22 3 2 D II. 1

15
53
3

:6
1
0
0
·
8
4 , 155 ·957 60 22

1 
20·03 57·30 ·5016322 

25 11 2 D II . 155 ·114 5!l 21 21·62 58·40, ·50JG382 
22 4 2 R II. 153·869 15ü·lGO 61 23 20·10 54·35 ·5016301 
24 8 2 R II . 153 · 594 155 · 802 58 23 20 · 75 5!J · 10 · 501G331> 
n 5 3 D II . 156· 232 158 ·651 59 22 20 ·10 5ü·55 ·5ou;o53 
25 12 3 D II . 155·63:l 157 758 57 17 21 ·82 59·25 ·5016115 
23 6 !'I R II. 15G .121 158 ·540 ül 22 20 30 57·!)0 ·5016065 
23 7 3 R II . 156·145 158 ·474 59J 22 20 60 58 ·00 ·5016062" 

T A.BU! 

PF.NDULUM OBSERVATIONS 

STA1'I0:<i-OrrA WA . 

COJNCIDEXCE lNTERVAL. , Arc. 

i -------- ----· ~ ci 
S È .; 1 Chronometer. _Ë Chrono 
Z 2 g • -g° -------- ~ ê ----
-~ -g -~ ~ No. Howard No. 48419 l i §" ~ No. Howard 

PERIOD UN 

Date. 

U) :l; P., ~ H ~ E,-< P., 
,: ., o c I Clock. Dent. c c ., t Ulock. 

---------------------------- -----
1902. 

Aug. l~I 
10 
8 
9 
!I 
9 
ï 

10 
8 
9 

1 
12 
2 

Il 
(j 

7 
5 
8 
3 

10 
4 
9 

if 
1 

~I 
2 
2 
2 
3 
3 
3 
3 

D 
D 
R I 
R 
)) 1 

D 
R 
R 
D 
D 
R 
R 

I. 
I. 
I. 
I. 

II . 
II . 
II . 
Il . 
II . 
JI. 
II. 
11 . 

1 ï •4231 
187 · 003 
187 ·137 
187 ·846 
Hi9·ou 
l(i9·JG!) 
169 ·253 
169 ·539 
171 ·955 
172 · 75::1 
171 ·904 
J 72· 740 

s 

185 ·0821 
185·021 
184 ·773 
185·678 
16G ·6731 
1G7 · 194 
167 ·447 
167 · 65] 
169·723 
]70·8161 
170·128 
170 ·580 

~, 
65 
59 
!)5 
71 
(;(j 
ü5 
59 
59 
66 
57 

, 1 C • . m.m. l 

1!J 19·731 33 ·2 11 1s ·55 43 ·s 
17 19 ·60 ..4·3 
15 18·60, 42·6 
2ï 19 ·10 44 •9 
15 19 ·05 47 ·0 
1G 10 ·23 45 ·0 
15 ]8 ·95 44 ·5 
15, 19 ·65 44 ·5 
u 18·10 45 ·3 
15 rn ·35 45· 9

1 
14 J8 ·SO 42 ·i, 

·5013374 
·5013340 
·5013395 
·50]3344 
·5014836 
5014 22 

·5014815 
·5014789 
·5014581 
·50l4ijl4 
·5014578 
·5014515 
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·- --·1 1---Rate_. __ ' 

~ ë 
;; z 

Chrnnometer. 

~ ;: Ï! IIUS. 183r.. ,s 
~ ~ ~ R 

:\'o. 183G. ~ o. 1828. No. 1836. 

-------,-- -- ---1·--1--1----: 

1 

· 5014023 -8 -2:1(, + 101 -320 -46 
· :,014673 - !l --2(;4 +4 - 287 -67 
· 501-1015 - 12 -218 -'- 10 -31G --18 
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· :>0Hi082 - 10 -211 +7 - 312 -i:il 
·5Qlfü69 - 10 -?:77 + 6 -283 -70 
·501G0G1 - 11 -213 +9 -30'J -53 
· :,owoo - 10 - 241 +5 -2!H -~~1 
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2\Iean ... ........ ....... ...... . ... . ..... . ..... . 

Xo. II. 

AND REDUCTIONS. 

-5 
-5 
-:) 
-5 

-QI -o 
-5 
-5 
-G 
-5 
-.''j 
-5 

. , l 

,,0143<01 
· .ï014314 
·5014346 
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'5015791 
'5015813 
·:>OJ57'ï2 
·5015785 
.5015527 
'5015543 
· ,)()15533 
·5015521 

'50152191 

·3014338 
·5014332 
' 5014342 
'50143.J.(i 
'5015812 
· 5015813, 
· ::>015788 
'5015785 
·5015532 
'5015532 
·fi(iJ5530 
. 50155221 

·501522::1! 

ÔBSERVER- Ü 'rTO J. KLOTZ. 

CORHECTE:D. 

meter. 

No. 48410 
Dent. 

ÜOL!RECTIONS (7th DECIMAL PLACE). 

Rate. 
.; 
"' ------

ci. ::, 
"' s ,,, 

C1ock. 48419. ~ ., 
E--< P.. 

PElHOD ConnEC.'TJm. 

Chrnnometer. 
.; ... 
::, 

"' No. H oward No. 48419 ., 
~ 

Clock. Dent . 
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s 

'50 14339 
'5014323 
-5014344 
· 5014343 
·5015802 
'5015813 
"5015780 
'5016758 
'5015530 
"5015537 
·5015531 
'5015521 

·5015221 

Mean. 

___ s __ , _ _______ ________ s __ -----s-.--1--:--

·501:i5HI -01 -198 +22 --1211 - 2801 -5 '501306 ;i '501:30741 · 5013069 
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'501356ï -10\ - 193 + Hi -1101 - 297 -5 ' 5013084 · 5013078 . '5013081 
·5013501 -8 - 151 + 1 - 124 -2841 -5 ·5013074 ·5()1!1071 ' 5013073 
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=g1 
'5014515; · 5014520 '5014518 

f>OH773 - 9 - 195 + lü -118 - 310 · 5014270 · 501-1270 · 5014270 
:'>0H6791 -s: - lf,51 + If> - 120 - 279 --5 · 5014241 · n014247 ·501-1244 
. 501473'11 - 9 - l f:2 + M - 116i -276 - 5 '50142801 ' 5014280 ·5014280 
501469!) - 71 --159 + 17 -1161 -307 -5 '50142451 '50142381 · 5014242 

:Mean 5013954 · 5013955 · 5013954 
1 

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 :6.rst it is 980 ·087, a difference of 40 in the third place of decimal. 

The theoretical value (sea-level) for Ottawa, =45° 25' 23", is 9 0 ·668 by the 
:6.rst formula. 

W e have then for :final values:-

Station. Latitude. 

1 1 

1 Reductions 1 0 1 

I
Computed y. Observed g. to bserved 

sea-leYel. corrected g. 
Anomaly 

0-C. 

--·------------ ____ , ____ \ _________ , ____ _ 
Washington .............. , 38° 53' 13"1 

Ottawa. . . . . . . . . . . . . . . 45° 25' 23" 

980 ·087 

9 o ·üfl8 

980'0[18 · 002 

·015 

· 980' 100 

980'608 

+13 

-GO 

From this it appcars that there is an excess in the force of gravity of Washington. 
of ·013 dynes and a defect at Ottawa of ·060 dy:p.es. 

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 runnirig 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 formulre the ariomaly for both of the above stations would have been 
increased algebraically, but the defect at Ottawa would neverthe]ess persist. 
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Srn,-I have the honour to submit the :final report on 'Transpacific Longitudes' 
carried out unde~ my charge. 

With me in the work was ass.ociated 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 Bam:field, Van­
couver. I sland, with the observa tory at Vancouver and the one at Fanning. He also 
computed aU the transits. 

I occupied Vancouver; Suva, Fiji; South port, Queensland; and Doubtless Bay, 
New Zealand, besicles the observatories at Brisbane, 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 31, 1900, articles of contrac;it 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 and laying of the Pacifie Cable. 

- The contract called for the completion of the whole cable on or before December 
31, 1902. The cable was finished two months earlier, and after unclergoing the rC'­
quired test of a month, entered upon its co=ercial 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 missing link o E 
about 8,000 miles across the Pacifie between Canada and Australia in the world's 
metallic girdle was now supplied. 

Before the cable was laid a survey was made of the route and the cbaracter 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 .. 
" Fanning Island to Suva, Fiji · . . . . . . 
" Suva to Jorfolk Island ......... . 
" orfolk to Queensland (Moreton Bay) 
" .r orfolk to Jew Zealand .. ... .. ... . 

25b-3½ 

3.654 
2,181 
1,019 

906 
513 

J 
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The first section of the .cable is about a thousand miles longer than any that had 
been laid before. Thi necessitated a considerable increase in copper for the conduc­
tor and in gutta percha for the dielectric. The working speed of a submarine tele­
graph cable depends on, and is inversely proportional to, the product of the total re­
sistance of tl1e conductor multiplied by the total electro-static capacity of the core, so 
that, other things being equal, the speed varies inverse}y 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 
1 0 lbs. of gutta percha; and on the remaining 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° ·! 
Fahrenheit was noted, being the lowcst tC>mprrature taken during the survey. There 
is very little di-fference in the temperature of the ocean at great depths, say below 3,000 
fathoms, over a great extent of the earth' surface, the temperature being only a few 
degrees above freezing point, or 32° Fahrenheit. The greatest depth, 3,070 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 Ohallenger'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 Pacifie Cable survey, 497 were 
such that they could be divided into distinct tj'PeB of deposits. It was found that :-

294 samples referred to globigerina ooze. 
65 " " red clay. 
43 " " radiolarian ooze. / 

45 " " coral mud or sand. 
27 " " pteropod ooze. 
12 " " blue or green muds. 
11 " " organic mud or cla~--

The pres ure at a depth of 3,000 fathoms, in which a considerable portion of th<' 
Pacifie Cable is laid, is about four tons to the square inch. Wben the cable is being 
laid at such depths, it will be approximately twenty miles astern of the ship before it 
touches the bot.tom. 

Decp sea cables last longer in the tropics than in the northern oceans. The rea­
son is to be found in the fact that in the tropics marine life, from which globigerina 
ooze is rlerived, is more abundant than in the more northerly or southerly waters. It 
is the sun and the warm surface water that ca11 into life these countless globigerina. 
which live for a short space, then die and fall to the bottom like dust, making such a 
good bed for the cable to rest in. In the Aretic currents, where the surface is cold 
the water does not teem with life in the same way as it does in the tropics, and conse­
quentl.v there is less cleposit on the bottom of the ocean. 

A suhmarine cable consists, :first of a core, which compris~s the conduetor, made 
of a strand of copper wires, or of a central heavy wire surrounded by copper strips as 
in the P acifie Cable, and the insulating covering. generally made of gutta percha, oçca­
sionally of india ruhber, to prevent the escape of electricity. A~ far as cabling is 
concerned. this is really all that is neceesary. an insulated conductor. This, however, 
would not, in the first place, be sufficiently heaY,v to lay in the ocean, and second]:,, 
would be too easily injurecl and destroyed by the man:r vicissitudes to which it wonld 
be subjected. F or 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
dent upon the clepth of the water and kind of ground over whicb it bas to be laid. 
The dcep sea section, being the hest proteeted from ail disturbing influences outside of 
displacement of the earth's crust by earthquakes or volcanic action, is naturally the 
one of smallest climensions; 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 boats, the sheathing must be very heavy. 
80 that while the deep sea cable is somewhat le~s than an inch in diameter, that for 
the shore ends is nearly 2½ inches in diarneter. The action of the waves i limited to 
a depth of only about 13 fathoms, so that their influence on the cable, rnanifeste<l by 
wear and cha:fing, is con:fined to the shore end. 

The Pacifie Cable is equipped with the most modern apparatus at the varions sta­
tions, and the cable is worked duplex, that is, messages are sent and recefred on the 
~ame cable at the saioe time. 

Canada had carried longitude work from Greenwich across the Atlantic and thenee 
lo Vancouver. The completion of the British Pacifie Cable o:ffered an opportunity for 
continuing the work across the Pacifie in the interests of navigation and geograph~·. 
besicles tying for the first time longitudes brought eastward from G1·eenwich with tho.•e 
brought westward, making the :first longitude girdle round the world . 

In ÜC'tober, 1902, the Ilonourable :llr. Clifford Sifton, :Minister of the Interior, 
nuthorized the carrying out of the Transpaeific longitudes, and the Governors of the 
South Sea, Australia and New Zealand were respectiYely officially notified thereof. 

In preparing the programme for carryirtg out the work, the climatic condi1ions 
of the various stations to be occupied were studied so that t.he most favourable tii11es 
and seasons might be chosen. It was found that Suva, Fiji, was the govcrning factor, 
as it was by far the rainiest place of the eries. 

Besicles the transit outfit, I carried, too, a half-seconds pendulum apparatu , and a 
Tesdorpf magnetic instrument, the latter similar to the ones furnished to Drygalski 
of the (fo,Hss 011 bis Antarctic expedition. 

l'l'INERARY. 

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

By the end of April a satisfactory number of observations had been obtained 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 Ma~, 
2 for Suva, Fiji. W e called en route at Honolulu. Here were met the two .American 
astronomer , Mr. Edwin Smith and Mr. Fremont Morse, who were engaged in the 
determination of the di:fference 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. It may be 
stated that as Suva is just west of the 180th meridian, and Fanning east of it, the 
dates for the oh ervations of the same night di:ffer by a day. Mr. Werr.v left Fanning 
on June 27 for orfolk island some 3,000 miles distant. This necessitated a rather 
circuitous route of about 7,000 miles for lack of suitable teamer connections. He 

• had to return to Honolulu thenee to Samoa, Auckland. New Zealand, Sydney 
Australia, and finall,v to his de tination, which he reached in the beginning of August, 
occupying about six weeks to reach the cable station at Norfolk island. During thi 
interval I made pendulum and magnetic observations at Suva. and also paid a vü,it 
011 invitation of Roko Kandavu, gwndson of the great cannibal king. Cakoha11. the 
pr en t ruler, nt the old Fijian capital on the small island of Bau, some 20 miles 
from Suva. 
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About a month was occupied in determining the difference of longitude, Suva­
Norfolk. On September 7 I sailed on the Aorangi for Brisbane, where we arrived on 
Saturday, the 12th. On the following Montlay I proceeded by rail with the astronomie 
outfit of many cases to Southport, the cable ~ ation, fifty miles south of Brisbane. 

Mr. H . C. Russell, government astronomer at 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 l\fr. T. D. Fraser. 
By September 25 the pier and observatory were built and observations begun. South­
port formed a unique station, for nightly clock exchanges were had in succession with 
Brisbane, with Norfolk and with Sydney, at each of which time 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 froru the east, 
and the :first astronomie girdle of the world was completed. 

By October 16 the last link, Norfolk-Southport, of the direct Transpaci-6.c longi­
tude was completed. Mr. T. D. Fraser and I observed for personal equation at South­
port and at the Brisbane qbservatory. 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. Lenehan, 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 observa tory, 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 pi'er and observatory were built 
similar to the ones at Suva and Southport. Longitude observations were begun on 
December 3 and -6.nished 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 J anuary, 1904. 

'¾his completed the work of the Transpaci-6.c longitudes. 

I wish here to express thanks for the hearty co-operation of the chief electrician 
of the Pacifie 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 also kindly attended every night 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 succe;,s 
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 occupied alternate sta­
tions, the terminal stations, Southport and Doubtle~s Bay, are each free by thi 
rneans from persona} equation. 
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KLOTZ-JNSTRUii:ENTAL EQUIPMENT, 

Transit.-The transit (Fig. 1) is by T. Cooke and Sons, and known as No. 50-! of 
their catalogue, 1900, with slight modifications. This instrument was specially ordered 
for the Tram~fiaci:fic longitude, and was received only a short time before departure for 
"\T ancouver, 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 li 
inches in diameter, Y's 1-ilr inches in width; the support of each end of the axis is two 
cylindrical segments having arcs ¾ inch long. 

The telescope is provided with two 6¾-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 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 difliculty. 

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 m1crometer 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 rneasuring 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-traversing screw and milled-head. 

There are on the diap ragm 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 1 ·6 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. Lucca oil is found the most satisfac­
tory for burning in the small instrument lamps. 

The transit was supplied with reversing apparatus. The cast-iron stand rested 
on a base-plate and was supported by three large f"rews, one at one end and two at the 
other, :fitting into spherical holes in the base-plate. For meriJ'ional 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 doue by the single supporting $<'rew at 
one end. The base-plate was not bolted to the cernent capping of the pie1·. The 
weight of the whole instrument and plate was suflicient to retain the latter in a per­
manent position with reference to the pier. 

Olocks.-Two clocks or rather chronometers were carried. They were adjusted 
to sidereal time. Both had break-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 d1·y 
cell was generally found sufficient for the clock circuit, and would retain its effi­
ciency for two months. During the day time when not observing, the clock 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 smal1, being confined within 
about two degrees Fahrenheit. At Vancouver the cbronometer was kept in a small 
brick vault near the qbservatory, use!l for storing the powder for the signal gun, a 
quarter of a mile distant, which is fired daily at 9 p.m. P acifie standard time. In­
sulated copper wire connected the clock witb the switchboard in the observat0ry, hence 
,vith the chronograph circuit; and by another set of wires with the sounder on the 
pier of the ca}?le in truments, 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 interpolattid to identify the following 
one for the full minute. 

Ohronograph.-A Fauth ' (Saegmüller) barrel or cylinder chronOgraph was used. 
The cylinder was 6¾ 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 1·equires attention. 
The perversity of some things at times seems inexplicable. 

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

It was customary to use one chronograph sheet for each position of the instru­
ment, so tbat 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 scaling a set of observations 
than the Morse fillet so common in the European observations. For sub equent refer­
cnce too the sheet is vastly superior to the yards or fatboms 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 mea~s 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 tban the one by the micrometer, 
as the latter inT"olves the uncertainty of constant bisection with the micrometer 
threarl. 

Eleclrical Apparatus.-The switchboard which bas been used for many years very 
satisfactoril~· in connC'ction with the Canadian transcontinental longitude work, was 
11se,l nt e,·erj· station . For clock exchange by cable all its parts were not req~ired; 
it then only served for the observations themselves by making the necessary connec­
t ion· hf'tween dock. chronograph and observing key. 
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llowever, at Vancouver, Southport and Doublless Bay, where clock exchange 
signals were made over land lines and the conversation was doue over the wires from 
the observa tory, all part of -ilie 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_ ovcr 
the wire, the switch is putto the right, plugs 1 and 2 out; 3 may be out or in. When 
3 is in, the talking relay is eut out. In clock exchange the main line current passes 
over the points of the clock relay and is there broken; imilarly the distant clock 
breaks the local chronograph circuit at the points of the signal relay. 

For arbitrary signals, sent with the break-circuit sig1rnl ke,r, the witch 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
g-raph. 

When the switch is to one side, the opposite points are in contact. The switch 
separates them, and changes thereby route of current. One dry cell (1Iesco) is suffi­
cient for the clock circuit. This is always independent of any other current, nnd to 
protect the points of clock contact only one cell is used. 

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

Cable Attachmenl.-From former experience it was found undesirabl~ to have a 
direct connection between the clock and the cable siphon, i.e., to have the clock record­
ing directly by means of the cable siphon. It i better to have an independent c1ock 
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 ounder (Fig. 4) was provided with a 4½-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. Tho heads of the screws were perforated to admit of centeriug 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 oable instruments are set, as it was 
found that by placing the sounder on the table the vibrations to which it was subjectcd 
by walking or other causes, made the siphon record unsatisfactory. On the brass frame 
(or 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 siphon responded to the pulsations of the 
sounder and hence when filled with ink would leave a record on the cable :fi.Ilet, 

The recording of this siphon differed frorµ. that of the ordinary cable siphon, in 
as much as it clragged a continuous line on the fillet, while the other makes necessanly 
a dotted line, 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 :fi.Ilet, it could not 
draw it aside, so the \Jiphon 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 
suffiS)iently to permit of instantly responcling 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 ovnl 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 signala there were two records on parallel lines on the 
fillet, the signals as shown by the cable siphon, and the clock beats shown by the 
other siphon. 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 P-ach other, that is, in 
the same perpendicular to the fillet, yet it was necessary to know 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 
obtainea, and by comparison with the above, au adjustment, if necessary, made. 

The correction was always a small quantity-ü anything at ail-and 'about one­
hundredth of a second of time. 

Observing key.-This was an ordinary Amertcan relegraph 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 
<':1se in a rnake-circuit key. 

SYSTEM OF WORKING. 

Programme. 

It was decided that for each final di:fferential longitude tbere should be fi.ve 
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 polar, 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 J ahrbuch bas generally been used 
fc :· the selection of stars, but for the southern hemisphere the British N autical 
Almanac furnished the most suitable stars. Both were supplemented by the Ameri­
can Ephemeris and Connaissance des Temps. On account of the di:fference in longi­
tude between any two stations, and for other reasons it was not practicable for the 
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-



ix REPORT OF 'l'HE CHI EF ASTRONOMER 43 

SESSIONAL PAPER No. 25b 

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 exchange, 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 t.hat the respective clock errors 
be accurately known at the time of exchange of clock signals. This is best. obtained 
and assured when there is a time det.ermination immediately preceding and one 
immediately following such exchange. Through clouds or rain, or other unpropitiol1s 
weather it. was not always possible to obtain the time determination when desired. 

Exchange on Cable.-Along the whole system of the Pacifie 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 practi­
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 t.hat the o:fficers coulc1 
govern themselves lft!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 bis fust time determination before the excbange. In the tropics observing 
may be begun almost immediat.ely after sunset, as there is little twiligbt. 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 su:fficiently 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 communicat.ed, and this ended the use of the cable for the night. If all 
went well, the whole exchange of s_ignals and communications would occupy less thau 
ten minutes. This was, however, not always the case; the ink in the siphon might 
give trouble, or the viorator, or some other vicissitude for which one must always be 
prepared not only at the cable instrument, but also in the observatory. 

Tbroughout the wbole work, received signals were scaled by Klotz on the rable 
siphon record, by projecting the 2 second breaks of the clock on the lower or clock 
siphon record upon the upper one. This method was preferred to projecting the re­
cei ved signals (beginning of defl.ection of cable siphon) on the lower line to avoid 
obliterating or obscuring by a pencil line as ordinat.e the dot or dots (vibration of 
siphon) indicating the arrival of the signal. In the metbod pursue~, 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 clock circuit, i.e., whether the two siphons recorded simul­
taneously, the cable key make and the dock 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 madt;i by the siphons, and the absolute parallax ex­
pressed in time found. If yhe apparatus is well adjusted, this absolute parallax is 
identical with the one obtained as described above. When a di:fference was found it 
was confined to about one-hundredth of a second. 

Mr. W erry invariably scaled the cable siphon record both for sending and r e­
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 chronomet.ers 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 di:fference of the two chronometers of less than -+".002. Small as this quantity ü;, 
it includes error of scaling, irregular running out of tape, irregularity of clock beat , 
and di:fferential rate. 

Compared with the many other quantities-star places, level reaclings, tempera­
ture with its hidden e:ffects on instrument and chronometer, errors, of observation, 
persona! equation-entering into the determination of the di:fference 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. 

Olock Exchange on Land Lines.-Land line exchanges were made between Van­
couver and Bam:field, 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 observa tory at Wellington, 704 miles. The exchanges were e:ffected 
without the interposition of relays on the füie. 

It was cus,tomary t.o allow both clocks to record over the wire at the same time and 
:ecord 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 sbown on the chronograph, and by that same depression of the key, breaking the 
main line and bence 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 chrono­
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 wbat 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 b;v adopting the metbod of arbitrary 
signals. The measurements on the chronograpb sheets as well as on the cable :fillets 
were read to the one-hundredth of a second of time. 

At the three observat.ories. Brisbane. Sydney and Wellington the Morse register 
witb fillet of paper and two st:rles was used for recording the excbange of clock 
..;ignals. It is somewhat surprising bow tenaciou ]y this form of chronograpb i~ 
maintaincd not only at these observatories (Sydney bad a drum cbronograpb too) but 
also at those in Europe. The cylinder chronograph is to one who bas used both so 
manifestly superior for convenience of reference and reading anrl saving of time tbat 
it is difficult to understand wby 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 constancy. This is the crux. A c_hronometer may have an appar­
ently constant daily rate, yet the hourl.Y rate for the twenty-four hours ma~• and doe,c; 
rnr.v. Again the rate is not the same when the current is on, as when it is off; th<' 
former condition obtaining when observing, and the latter the rest of the da;v. The 
rate deduced from two indepedent time determinations of the same night, when thP 
temperature is practically constant for the clock during the time of observation. and 
the clock is in circuit wi th the batter,r 01ù~· during that time. is seldom, if ever. thP 

•same as that obtained from day to da;v observation . 
In om· programme we bave two independent time determinations for each night. 

Each set of transits is reduced to the epoch of the mean of the times of tran it of the 
stars comprising the set. The rate which i applied for each transit to the mean 
epoch. and for whicb some magnitude must be assumed, is practically a vanishing 
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quantity in the resulting clock correction. The ideal time of exchange would be at 
that epoch, when the effect of rate is climinated. But for Yarious r<>asons this is found 
to be impracticable. In the programme then of two independent time cleterminationc, 
for obYious reasons the exchange was arranged to take place about 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 constant 
dnring the intcrval. and is reprcscnte<l b~· a straig·ht. linc. If,extrapolation is necessary, 
a,; s0111Ptinws oeeurs. the rate Yalue has less weight. 

Transmission Tinie .-On the assumption that the time of trancmission is the 
same in both directions and that the chronometcrs have the same rate. the di:fferen<·(' 
of record~ ni two stations of the exchangc of tin1C' signals will represent twice the time 
of transmis ion. 

We arc obliged to assume that the tran ·mi,;sion time is the sarne in both direc­
tions, but to the di:fference of the records of exchangc of time ignals there must be 
applied the relative rate for the interval between the means of the times of the twn 
exchanges. This interval is confined to about two minutes. 

From the two independent time determinations made at each station on the same 
night the homly rate of each chronometer when in circuit is obtained. The algebraic 
difference of these hourly rates gives the relative hourly rate of the two chronometers 
and the proportional part for the above interval is the quantity enterea in the colurnn 
· 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 
relaJ•s or by the secondary circuits of the chronographs. The effect upon the com-
11arison of the docks of rctarclation by the signal relays and secondary circuits 
will disappear in the mean of the two exchanges provided the sum of the retardations 
by signal rela;y and secondary at one station is equa l to that at the other. This 
condition is, however, not necessary for fincling the time of transmission. 

Personal Equation.-Fortunate1y for the connection between Canada (Vancol~-;rer) 
and Au tralia (Southport), also New Zealancl (Doubtless Bay), the personal equation 
between the two observers was eliminated. This is, of course, on the supposition th.nt 
the personal equations remained constant. As the climatic conditions, as far as tempera­
ture was concerned, and the surrounclings were favourable for personal comfort, there 
was no a priori reason for suspecting any change during the campaign in the persona] 
equation. The elimination referred to was due to the fact that the number of stations 
was odd, and that the oh ervers occupied alternate stations. I occupied the terminal an<l 
middle tation, wbile M:r. Werry occupied the other two-Fanning and Norfolk i. -
lancls,-and for these two stations differential personal equation must be applied. T o 
determine such we observed on our return with the same two transits of the Trans­
pacifie 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 Ur. W erry set out for Fanning islancl, via Samoa. 

For the longitude of Bri bane, Sydney and Wellington, I observecl with each of 
the observers at the respective observatories, by determining the clock correction for 
the respective common' epochs. · 

Insti-uniental Constants. 

Thread Intervals.-These were determinecl by both instruments by obsen·ing the 
transits of slow-moving (polar) tars and the intervals were all referrecl to the rnean 
and not to the middle thread. The times of transit are corrected for level (if an.v 
change of level ha taken place during the tran it) 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 one thread to another is sensibly an arc of a circle 
the interval must be further multiplieci 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 a Orucis, y Trianguli, a Trianguli and {3 Ohamaeleontis. 

1 .. 
2 . . 
3 . . 
4 .. 
5 .. 
6 .. 
7 .. 
8 .. 
9 .. 

10 .. 
11 .. 

Clamp East. 
8. 

- 9·939 
- 8·273 
- 6 ·690 
- 3·279 
- 1 ·640 
+ 0·036 
+ 1 ·5ï6 
+ 3 ·200 
+ 6·662 
+ ·352 
+ 9·995 

For the Werry transit, the values determined from transits of À Centauri. a Crucis, 
Groombridge 1930 and 8 Draconis are:-

1 .. 
2 .. 
3 .. 
4 .. 
5 . . 
6 .. 
7 .. 
8 . . 
9 .. 

10 .. 
11 .. 

Clamp East. 
s. 

-14·209 
- 11·903 
- 9·573 
- 4·794 
- 2 ·196 
- ·110 
+ 2 ·454 
+ 4 ·681 
+ 9 ·591 
+11·906 
+14 ·153 

Inequality of Pivots.-The Klotz transit was received from the maker in the dead 
of winter and just prior to leaving for the Pacifie 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 re,ersal 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 identicaJ, 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 difficuJty the pJug carrying the Jens in the clamp end of the axis as the inner 
surface of the Jens was covered with brass filings. In re-inserting the plug I did not 
get it quite 'home.' This might perhaps have affected the diameter of that pivot. 
Whatever the reason, the quantity was accurately determined and applied to the len•l 
correction. 
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The mean value for Vancouver of seven determinations gave for p the pivot in­
eqùality correction •.080, the inequality being twice that quantity. 

A similar determination at Suva gave p-".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-".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. . 

Ali 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 di:fferent 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 obtained. 

The mean value of one division of the level at 68° F. is 8.085. 
By the use of the level trier the mean value of the striding level (a Pessler)"of 

the Werry transit was found to be 8.100. 

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 Talcott'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 arld 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 W erry transit is 60".556. 

Diurnal Aberration.-The correction for diurnal aberration was obtained for each 
star by the usual formula - •. 0207 Cos. cf, Sec. 8 and applied to the time of transi t, 
cf, and 8 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 eàch 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 e:ffect on the deduced time. 

R eduction 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 therc 
was one polar star the others being time stars. The mean of the eleven threads was 
taken for the time of transit. 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 besicles 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 J ahrbuch, 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-t) +À.a+ Oc. 
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 reversa!. This change 
was due either to reversal or to the levelling doue at the time of reversa!. The latter 
reason is appar.tJntly the one for the W erry transit, and may be explained by the 
unsymmetrical motion of the base of the heavy levelling scTew 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 solved 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 dèterminations which each observer made nightly, provicled 
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 di:fference of the 
clocks 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 di:fferential rate. 
The thirty-:6.ve arbitrary signals sent by each observer were usually comprised within 
less than two minutes. The di:fferential rate, however, was applied for determining the 
time of transmission. That is, in comparing the di:fferences between the clocks at the 
mean times of the two excbanges, di:fferential rate was applied for the interval between 
the mean times of the two exchanges. 

We have then two c1ock comparisons, and they di:ffcT from each other by twicc the 
time of transmission. 

To obtain the di:fference of longitude. the necessary data is now available, and a 
simple computation from the following formula gi ves the di:fference sought. 
Let t. and AT 0

0 
= the chronometer time and its correction at the eastern station when 

sending a signal. 
t..,. and ATow = similarly for the western station, when receiving the above sig­

nal. 
and t'w and AT:w = the cpronometer time and its correction at the western station whcn 

sending a signal. 
r., and AT:.= similarly for the eastern station when receiving this signal. 

µ,=transmission time. 
dÀ = di:fference of longitude, west longitude being reckoned positive. 

W e have then from an eastern signal. 
dA-p,=t0 +AT00 -(fw+AT,,wJ =dA 0 

and from a western signal, 
dA + /J- = r. + j. T',. - ( t' + j. T'ow) = dAW 

hence dA = ½ ( dA. + dAw) 

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

Hence we obtain a lso µ,=½ ( dAw - dA0 ) 
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If we let K = relative persona! equation between the two observers the following 
formulœ express the difference of longitude for the several links across the Pacifie, 
the observers occupying alternate stations. 

Vancou,-er-Fanning di. 1 = ½ (rii.;. + cü~) + K. 

Fanning-Suv,t cLiY = ½ (di.1j + di.:_!) -K 

SuYa-~orfolk di.Ill=½ (,W~' +car,:.')+ K. 

and N orfolk-Southport di.!\'=½ (di.1t + di.~~') -K. 
hence for Vancouver-Southport dL = ½ (ldAe + "':i,_dÀw) 

That is, the di:fference of longitude between Vancouver and Soutbport, Australia, 
and sirn ilarly 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 di:fference 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 E cl À' =-v E~ + E'w + E'x 
For the weighted mean di:fference of longitude of a number of nights we have 

dÀ= ( d\ ~ + d,\1/. + d\-ft,- + .... Jdivided by(E~ ++ + 1,}, + .... ),the latter 
1 2 3 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 di:fference of longitude we obtain a 
series of residuals v. 

The probable error of the weighted mean is found from 

E
0 

dÀ= .6745 / [p V v] 
' [p] (n-1) 

where n represents the number of individual values. 
This gives then the probable error for the final di:fference of longitu<le 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 meridi~n, or Greenwich, that is, E L = y [ E ~ rlA ] 

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 :M:r. H . A. Lenehan, F.R.A.S., acting government astronomer at Sydney for New 
South W ales. 

'The transit has a 6-inch abject 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 fi..'Ced 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 alteratio11 in any way. 
The eye-piece used magnifies 148 times. The instrument has two circles 2 feet in dia­
meter, graduated to evcry 5 minutes of arc, and these graduations are still furthe:· 

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 t ube, 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 sliding re­
flector in the instrument regûlates the illumination of the field of wires from a lamp 
at the end of the axis. A set 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 north, 
and reading by this (with the micrometer moving the wires) in its field, tbrough 
holes in the transit circle and again through a 40-foot lens on the southern wall to 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 ½.o inch of mercury. This is t>laced 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 bcd-rock below the foundation. The observer mounted on the re­
mover reads through a Bohnenberger 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 arc is practically not existant. 

'The si<lereal clock is by Frodsham, of London, and has at present a small wbeel 
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 
r ecording 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 peb, 11nd 
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 held by the observer, who presses a small spring 
with bis thumb to make the necessary contacts recording the bisection of the star. 

'The elcctricitJ· is generated in four Edison-Laclande large cells, and the life of 
the battery is long. 

'The se'\'cn 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 c1ock 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 bere given. 
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Wire 1 
2 
3 
4 
5 
6 
7 

s. 
15 ·156 from central wire. . . ·} s. 
10·176.. . . . . . . . . . . . . . . + 30·486 

5·154. . . . . . . . . . . . . . . . 
0·000 ... .... . .. . . .. . . . . .. . . ..... . 
5 ·247.. . .. .. . ....... ... . ...... ·} S. 

10 ·207. . . . . . . . . . . . . . . . . . . . . . . . . . - 30 ·861 
15 ·407.. . ... ........ . .... . ... . 

S. 

Difference - ·375 
·054 

,,, 
BRISBANE OBSERVATORY, 

51 

The services of the observatory are essentially for time purposes. The transit 
is by Troughton and Simms, 1883, and is mounted on a stone pillar. The objective 
i ,i of 2½ inches clear aperture and 30 inches focal length. The reversing is done by 
hand. The reticule has seven threads, the fi.ve 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, fi.fty-six divisions are equivalent to sixty seconds 
c{ arc. ' 

The time-piece used for the longitude work, including persona! equation, was a 
Kullberg sidereal chronometer, prov:ided 1<:'ith a one-second electric break. The chro­
nometer had a losing rate of about three-quarters of a second per day. 

The transits and exchange of clock signals were recorded on a 1forse register 
by embossing. The register has two styles, one always recording the clock and the 
other, the tr·ansit ke;v or the time sig-nalf' 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 
Brisbane with Southport is fi.fty miles in length. 

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

1.. 
2 . . 
3 .. 
4 .. 
5 .. 
6 . . 
7 .. 

Clamp West. 

WELLINGTON OBSERVATORY. 

s. 
+23·95 
+12 ·46 

+6·12 
+0·33 

- 5·96 
-12·55 
-24·35 

The ob ervatory 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 '!very second except the 
60th in orclf>r to iclPntify the minute. The clocks are all mountcd on brick and cernent 
bases, and are :f.astened to substantial braced frames. 

25b-4½ 
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Transit.-The transit is by Troughton & Simms, and is mounted on a rather high 
stone piller. It has an aperture of 2¾ 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 tlie reversing of the telescope is done 
directly by hand. 

},feridian .Mark.-The meridian mark, placed 35 years ago, which also serves for 
testing collimation in the day time, is a 3-inch iron bar set in cement, and shows well 
above the sky-line of the Tinakori range to the north. 

Ohronograph:-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 sirnilarly records the signals 
by the transit key, also the c_lock 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 Âpparatus.-Mr. J. K . Logan, Superintendent of Governrnent Tele­
graphs, bas furnished thi; following description and diagram (Fig. 6) of the arrange­
ment esi:ccially installed at thR 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 terminal 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 (zinc) 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.0. 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.O. 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.0. 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 acroS& 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 eut off, battery being ap_plied at the sending end. 

At ever,v 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 observatory it was arranged by means 
of n two-'1\,1,Y switch, to eut 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 ::is when 
the clock was operating the relay. This break was recorded at Dciubtless 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 tonguc 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 to 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 which style 
had then to move to impress the tape. 

The line was 704 miles long, Wellington to Doubtless Bay, and was of 11½ 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. It is situated on Rrocktôn Point, immediately to the south of the lighthouse. 
The transit was mounted on a brick pier and a single wire connects the oh erva.tory 
with the city office, distant about 3 miles, of the Canadian Pacifie Telegraph system. 
Every night at a given time, 10.30 p.m., the observatory was put in circuit with th'3 
line to Bamfield, the terminus of the Pacifie 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 hm:nan bones, 
stone, shell and bone tools, various ornaments, spear and arrow heads of bone and 
stone, &c.,' were found. 

The island is a coral atoll, about 10 miles long and 5 wide. It is only about 10 
f~et above the level o'f 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 as copra, ow.ned 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 requiro 
any further description. The two larger islands, Viti Levu and Vanua Levu, are both 
mountainous and have extinct volcanoes. The red volcanic 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 pr,)ducts may be mentioned the vanilla bean 
and trepang or bêche 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, sin ce their vocation-fighting-is gone. · 

Two factors militate against the development of Fiji--one is, want o'f labour, antl 
the other, the di:fficulty of acquisition of land,-all the land, save a small part, being 

•• Voyages 'R.0-u!nd the World' by Edmund Fanning; LondO'Il, O. Rich, 1834. 
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still held by the natives and in co=on, so that there is great difficulty in securin~ 
land for cultivation. Suva, on Viti Levu, is the official capital, and the residence of 
the governor of the South Sea I slands. No military is stationed liere, but a native 
constabulary is maintained. 

The observatory (Fig. 8) was built on the Pacifie Cable premises (Figs. 9 and 10). 
The material used in construction was planed, tôngued and grooved flooring throughout. 
The building is ten feet square, gable roofed, and bas 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 & year before to a greater depth than 
the e::i:cavation 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 situated 17 feet west from the 
cable building (verandah), 42 feet north from the south limit of the cable lot, and 
Il feet from the edge of the sea at high tide. 

For the pendulum observations anotber similar pier but only 2 feet above the 
floor was built within an adjoining but, 7 feet square. to the east. The south walls of 
the observatory and pendulum buts were in a straight line. The fl.oors of the two 
building-~ wcre 5 feet 8 inches abovc high tide, so tbat the pendulum bob was, say, 8 
feet above high tide. 

The tides at Suva harbour average between 3½ to 5 feet. 
For the magnetic station it was not so ea:1y to :find ideal ground. The ground 

has to be within rea.sonable distance from the observatory, to carry the instrument 
and chronometer to and fro. 

Corrugated iron bas 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 Australie. 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, !fr. G. Heimbrod, who laid down a meridian for erectmg 
thn pier 11nrl observator_y. also made the connection between the astronomie anrl 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 disposa} 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 
d,1 vs the island was the chief centre of the large whale fishing industry of the South 
'-< ·:1~. This inclustry has. however, much declined. The best known product 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 ap11rt 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 connecte_d in dis-
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tance and azimuth to a stone monument as shown on the accompan;-ing 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
warcl from the astronomie station (Fig. 12). The observatory was 10 fect square and 
built similar to the one at Suva alreacly described. For foundation of the pier a cube of 
grouting was built in the earth, leaving its sicles 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 ttie 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 marte with the observatories at Brisbane and 
Sydney; and for this purpose, the land line in the cable office was led to the observa tory 
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, 773 miles. The 
conductor was of copper, weighing 200 lbs. to the mile. The line was eut through to 
Sydney direct during the exchange, that is, no relay was interposed between the ter­
minal stations. 

Do1.ibtless 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. 
13) . 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 carri:ed over the North isiand by the Survey Department 
of New Zealand. By instruction of the Surveyor General, 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 scatterecl 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. 

A ustralia. 

The transit of Venus in 1 74 gave an impetus to the determination of longitudes. 
Sorne 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. Conseqnent to the German Venus expeclitinn to 
the Auckland islands, Dr. A. Auwers recomputed the voluminous data (mostly lMm 
Mr. Tebbutt and M:r. Russell) on band for the longitude of Sydney, thr011gh whic 11 he 
laid the fondamental meridian for Australia. 

This gives the longitude of Sydney as 1011• 04m. 4!l" ·60.* 

• Asti-on . Naoh. No. 2036. 
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In the joint report t of the government astronomers, Ellery, Todd and Russell we 
read: ' Sorne time prior to the transit of Venus, in December, 1882, we severa11y re­
ceived communications from the President of the Roya} 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 D arwin and hence all Australian 
longitudes would depend on the accuracy of the assumed longitude of Singapore, which 
bas twice been telegraphically determined-:first, in 1871, by Dr. Oudemans, of Batavia, 
and 1Ir. Pogson, of Madras, and more recently, in 1882, by Commander Green;United 
States Hydrographie Department. For reasons given in the appendi.x, we agreed, after 
full consicleration, to accept Commander Green:'s position of Flagstaff at Fort Can­
ning, viz., 6h. 55m. 23"·50. Roducing this to Captain Darwin's observing station + 1• ·51, 
makes the longitude of Captain Darwin's transit instrument 6h. 55m. 25" ·01. The 
di:fference of longitude, Port Darwin-Singapore, determined by Captain Darwin and 
Mr. Baracchi. is 1h. 4'71"· 57• ·48, making the longititde of Port Darwin 8h. 43m. 22" ·49 E. 
of Greenwich.' 

The station at Port Darwin was marked by a masonry pillar 4 x 2 x 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 similar1y by cable Melbourne with Hobart, and 
Sydne,v with Wellington, New Zealand. It must be remembered that up to this time 
in most cases, when the cable was used for the e..'!:change and comparison of clock 
signals. the small defl.ecting mirror, throwing a beam of light on a scale, indicated 
the arriva} 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 Kelvin) siphon recorder, to be described later. In 
the Bombay-Aden-Suez, 1877 longitude, the siphon was used. 

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

~Ir. 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. 

}Ir. Baracchi has expended much labour in compiling from so many sources the 
required data. and has put the results m 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. 

H e writes :- I sba1l 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. 

Lon,gilitde of Alexandria-Si," different values-viz., (a), (h), (c), (cl). ( e) anrl ! 
(f+f,)-rnay be combined, giving three Yalues for this longitud'e, two of which are 
quite independent. 

(a) Greenwich-M okattam.-Tbis was determined by exchange of galvanic sig­
nals bctween Greenwich and Porthcurno; Porthcurno and Alexandria (by joining the 
fise lcngths of cable, Porthcurno, Vigo, Lisbon, Gibralter, Malta. Alexandria); and 
finally, betwecn Alexandria and Mokattam. Time observations were made with transit 
instruments at Greenwich, Alexandria, and M:okattam, but those at Alcxandria were 
not used for this interval. The observers were :Mr. Criswick at Greenwich, Mr. E11ia 

t R e-port o! the Telegraphic Determlnation of Australian Longitudes--.Melbou:rne, 1886. 
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at Porthcurno, Mr. S. Hunter at Alexandria, and Capt. C. Orde Brown, R.A., at 
Mokattarn. 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 wern 
execute<l 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 bcfore and after the longitude operations, and varied from O ·025 sec. to O ·655 
sec.-( ) page 288. 

(ù) Alexandria-Mokatta1t1.-( ) On the same four nights, November 14, 15, 21 
. and 22. }! r. IIuntN. i,1: Ale:xandria, made transit observations with a portable transit 

instrument, in addition to exchange of signa1s with Mokattam. His station, which 
was on the roof of the Hotel de l'Europe, does not seem to have offered the neceEsary 
stability for de1icate work. Dr. Gill remarks of this station-(7) page 63:_, The ob­
server had to abstaiu from movement <luring each complete observatiol!, otherwise the 
level was disturbed by the change of his position.' The persona! equation of the two 
observers was determine<l 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 fi.ve minutes' walk. 

(c) Greenwich-Berlin.-Result of several determinations-(9) page 490. 
( d) Berlin-.ilfalta.-Observers: At Malta, Dr. Low, chief of the German expcdi­

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. Galvanic signals ex­
cbanged by hand on six nights in 1875, March 10, 11. 12. 13. 14 and 15. P&Jrsonal 
equation well determined. Signals satisfactory-(9) page 360-393. 

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

The chronometers had to be carried to the t elegraph st ation for exchange of sig­
nals, as in the case of (b)-(9) page 306-320. 

(f) Berlin-Alexandria.-Direct measurement made on F ebruary 28, March 6, 7, 
10, 12, 13 and 14 (1875) . Persona} equations of the observers, known through Dr. 
Low; the observers being Dr. Gill at Alexandria, and the astronùmers of the observa­
tory at Berlin. This value was deduced by Dr. Copeland. 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 320-348. 

(f1 ) B erlin-Alexandria..-Same operations as in (f). Value deduced by Dr. 
Auwers-(7) page 60. . 

The three v:!lues for the longitmle of A lcxa1~dr ia '.'. rc :-

By the combination (a)-(b) .. ............. . 
h. m. 
1 59 33·69 

5!) 33·827 
5!) 33·750 

1 (c)+(cl)+(e). . . . . . . . . . . . . . 
(c)+½ [(f)+(fJJ.. . . . . . . . . . . .1 

The follo~.ing Yalues "·ere adopte<l, viz .. -
(9) Page 491-

By Dr. Copeland .... lh· 59m. 338 ·807 l Mean error. 

(7) Page 60- 1
• mean lb· 59m. 338 ·846-+- o• ·078 I. 

By Dr. Auwers. . . . lh· 59m. 33• ·885 J 
(8) P age 330-

By British Transit of Venus Expedition. l b· 5901
• 33•·69-+-0•·156 IL 

The values I. and II. of the longitude of Alexandria are independent. Their 
diffeience is O ·156 seconds. 

(g) Alexandria-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, F ebrmtry 19, 20, 23, 24 and 25. Signale sent by 
hand; observations made by eye and ear. At both stations the chronoP1eters had to be 
carried for some distance to exchange signala. Result computed by Dr. Copeland­
(9) page 492. 

(g,) Alexandria-Suez.-Same operations as in (g) . Result deduced by Dr. 
Auwers-(7) page 60. 

(h) Mokattam-Suez.-Ùbservers : Mr. Hunter at Suez, Captain Brown at Mo­
kattam. The instruments used by these observera have already been referred to in 
(a) and (b). The signals were sent by band, and the observations made by eye and 
e:ir. Üperations repeated on four nights, viz., 1874, December 4, 5, 7 and 14. The 
station use.à by Mr. Hunter was not the same as Dr. Léiw's station. The former 
ar,pears to have given trouble on account of its . instability. It is remarked by Mr. 
Ilunter-(8) page 333-'The only defect arose from the looseness of the soil, causing 
fae level readings to vary a good deal.' The same complaint is also made by the 
officers of the Great Trigonometrical Survey of India, w.ho used this station in 1877, 
viz., that their observations may be somewhat vitiated by the unsteadiness of theil' 
ir.struments, due to looseness of the soil-(12) page 45a. 

(i.) Difference of longitude between Dr. Léiw's and Mr. Hunter's stations at 
Suez. 

This was determined by Dr. Gill by time observations made by himself with 
Dr. Low'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. 

( i,) The same interval as ( i), determined by a traverse under the direction of 
0::1.ntain (now Colonel) Campbell, R.E.; its value was found to be 0 ·025 seconds­
(9). page 491 and (11). Appendix to Part TI., page 109. The discorda;ce 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.' 

W e have thus the two following independent values for the interval Alexandriu­
Suez, reduced to Hunter's station, by adopting value (i,), viz. :-

h. m. sec sec. 
'1 eu) + (g,) r +i, . . . . .. .. .. .. .. . . .. . o 10 39 -025 -+- o -082 
(b )+(h).. .. . . . . . . . . . . .. .. .. . . .. 0 10 39 ·481-+- 0 ·160 

which differ by 0 ·456""0
• 

The value for Alexandria-Suez, deduced from the two above, weighted in terms 
of their respective mean error, is-

h. m. sec. sec. 
Interval Alexandria-Suez.. . . . . . . 0 10 39 ·120 ± 0 ·073 ... III. 

(k) Suez-Aden.-Observtirs: Dr. Léiw 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 31, and on the exchange of galvanic signala on 
the two nights of January 30 and 31. This result was computed by Dr. Copeland­
(D J pages 196-227. 

(k,) b'iœz-Aden.-S&me operations as in (k) . Result given by Dr. Auwers-(7) 
page 61. 

0:
11

) Suez-Aden.-Observers : Captain (now Colonel) Campbell, R.E., at Suez; 
Captain (now Colonel) H eaviside, 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 disposa! the 
necessary equipment and conveniences wherewith to attain their purpose-(11), Part 
I., Chapter I. Their transit instruments were of similar dimensions and workmanship 
(5" object glass, with collimators, and means of levelling by mercury reflection, &c.). 
They recorded observations by chronograph. Galvanic signals were always exchanged 
directly between the stations, being sent by band, and simultaneously recorded on both 
chronographs. Their operations were repeated on the six nights of 1877, May 25, 26, 
27, 28, 29, and 30, giving very accordant results. Their persona! equation was deter­
minecl 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 remainecl fairly constant-(11), Part I., page 34. On the 
other band, if their usual mode of observing was liab1e to suclden changes of con­
siderable magnitude (of wilich there is no eviclence), a redetermination after the 
cxpedition would have given very little help in finding the actual changes that took 
place at Suez and Aden. The only disadvantage in this measurement is to be attri­
buted to the unsteadiness of the station at Suez, as already pointed out in (h)-(11), 
Part II. 

(Z) Difference of longitude between °Dr. Gill's and Captain H eaviside's station at 
Aden. 

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

We have, then, for the interval Suez-Aden reduced to }Jr. Hunter's station at 
Suez, and Captain H eaviside's at Aden-

1 i (7.:) + (lrJ ~ - i, - l. . .. . . .. 
(lill) • • • • . . . . . . • . • • . • . • 

h. m. sec. sec. 
0 -!9 42 ·839 -+- 0 ·120 
0 49 42 ·662 -+- 0 ·060 

The difference between these two independent results is O ·177 sec. Combining 
them according to their mean errors, we have-

h. m. sec. sec. 
Suez-Aden ............ 0 49 42 ·697 ± 0 ·054 . ... . .. ... IV. 

The longitude of 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 officcrs of tho 
G. T. S. of India. 

h. m. sec. sec. 
(a) . . .. . . . . . . 2 05 06 ·240 -+- 0 ·098 
(h) . . .. . . . . 0 05 06 ·931 -+- 0 ·103 
(k1,) .. 0 49 42 ·662-+- 0 ·060 

A .. .. 2 59 55 ·833 -+- 0 ·154 

By Lord Lindsay's Expedition of 1874, and Dr. Low. 
I. . . . . . . . . . . . . . . . . . 1 59 33 ·846 -+- 0 ·078 
½ i (g) + (g,) ~- . . . . . . . 0 10 39 ·000 ± 0 ·082 
½ i (k)+(k,) ~-- . . .. .. 0 49 43·742±0·120 
(Z,. . . . . . . . . . . .-0 00 00 ·877-+- O • 

B .. . . ...... 2 59 55 ·711 -+- 0 ·165 

A .. 2 59 55 · 33 -+- 0 ·15-! 
B .. .. . . . . . . . . 2 59 55 ·711 -+- 0 ·165 

Lon~itude of Aden (Capt. Heaviside's sta.) 2 59 55 ·776 -+- 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 de:finitive longitude of Aden ½ (A+ B) (7) p. 62, viz: :-

Aden E. of Greenwich 2h· 59m. 55" ·772 --+- 0 ·Q'79sec. (should be O ·076sec. ?) 

(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 focâl length. Records made by chronograph. Time signals sent by band, 
and observed by eye and ear at both stations. These operations took place in 1875, 
on 31st 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 (k11 ) . The station at Aden was the same as that occupied by 
Captain Heaviside in determining the interval (k

11
) . That at Bombay was O ·134eec. 

east of the Colaba Observatory transit instrument. The operations were repeated on 
nine nights in 1877-April 30, May 1, 2, 3, 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 
persona! 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 O ·03•ec. 

(n) Bombay.-Difference of longitude between Captain H eaviside's station and 
the transit instrument of the Colaba Observatory. This was determined by a traverse 
measured 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 circle of the Madras Government Observatory. This interval, 
though not determined directly, is certainly as well ascertained as any other-(11), 
Part I. 

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 (7c11 ). Time signak 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) P re­
face to, Part I., 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, Ü it were not 
for the ve1-y limited and somewhat incornplete observations at Kurrachee, and the 
undct(•rminell personal equation of the observers at Ispahan and Madras, this chain 
woulrl J,p PPtitlPrl t,i muPh g-reat, ·r weig-ht than the one via Suez-Aden-Bombay, because 
it connects :Madras with Greenwich in four steps including only fi.ve stations, three of 
which are :fixed national obser,atories, in addition to baving the interval Kurracbee,­
Madras measured twice independently. I regret that. with the exception of the opera­
tiom a t ~Iadras and K urrachee. the details of the observations are not at band; tbo 
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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-lspahan.-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, 23 and 27. 

(q) Jspahan-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 chrono­
graph. Signals were exchanged on December 11 and 12, 1874. Personal equation 
betwecn the observers not determined-(10) page 83. 

(r) Kur~·ackee-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 Adclison-(10) page 83. 

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

(r
11

) Kurmchee-Madras.--This interval was determined indirectly through Born• 
bay and Bellary and other Indian arcs by Captains Uampbell and H eaviside in their 
usual excellent manner, as already spoken of. The operations were executed in 1880-81. 

(s) Difference of longitude between General Addison's and Captain Campbell's 
station. The position of the former was O ·65•c. east of the station 'used in the Great 
Trigonometrical Survey at that place '-(10) page 84. The position of the latter is 
descriLed in (11) Part I., page 252, a<:l being 61 feet north. and 152 feet -1" ·65= 
0 -11sec. west of the 'Telegraph Office Station,' which is a point 'on the eastern ter­
race of the upper story of the block of dwelling quarters standing in the angle be­
tween Macleod road and Telegràph road, marked by a circle and dot engraved on the 
:fl.oor of the terrace, and connected with the Hill Stations A and Mutrani of the 
G. T. S.' It seems, therefore, that the 'Telegraph Office Station' is the one referred 
to by General Addison as being O ·6••c. west of his observa tory. 

We may now compare the three ,alues (r), (r,), (r,J of the interval Kurrachee­
Madras, reducing them all to the Telegraph Office Station of the Great Trigonometrical 
Survey. 

sec. h. m. 
(r) + 0·60=0 53 
(r,) + 0·60=0 53 
(1'11) - 0•11=0 52 

sec. 
06·82 
06·45 
55·61 

The two values (r) and(r,) are derived from the same few and simple observations 
of a single night. Their difference is O -37sec. and has not been accounted .for by the 
astronomers concerned. The value (r

11
) is 11 ·21•ec. smaller than (r), and 10 ·S4•ec. small­

er than (r,) . This large error was pointed out in (6), page 31. No doubt some cleri­
cal mistake occurred S"mewhere, 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. 

Longitude of Aden (Gill) . . . . . . . . 
Aden-Bombay (m,) ... . 
Bombay-1,fadras_ (o) ............. . 

Longitude of Madras, VI.. . . . . 

h. m. sec . sec. 
2 59 55 ·772 -+ 0 ·113 
1 51 19 ·973 -+ 0 ·056 
0 29 43 ·530 ± 0 ·058 

5 20 59 ·275 ± 0 ·139 
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Via l spahan-Kurrachee. 

h. m. 

(c) . . 0 53 
(p) .. 2 33 
(q) .. 1 01 
t { (r) + (rJr,, .. . . . . 0 53 

Longitude of Madras .. 5 20 

ix 
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sec. 

34 ·865 
05 ·44 
13 ·09 
06 ·035 

59 ·430 ... VII. 

It would appear from result VII. that the error at Kurrachee vanishes in the sum 
of the two intervals Ispahan-Kurrachee and Madras-Kurrachee; in which case the 
results VI. and VII. compare very well indeed, considering that the unknown personal 
equation (Fritsqh-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) M adras-Singapore.-Observers: Dr. J. A. C. Oudemans, Surveyor-General of 
Java, at Singapore; Mr. Pogson, at Madras. This measurement was made in J u]y, 
1871, by the exchange of galvanic signals, through the cab le, on the evenings • of 24th, 
25th, 26th and 28th. Mr. Pogson observed with the transit circle of the observatory 
and clock, but had to carry 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 the hori­
zontal axis. Re a]so had to carry his chronometer to the cable offices for exchange 
of signa]s at a distance of three-quarters of a mile. Observations at both stations were 
made by eye and car, no chronographs being used. The personal equation of the obser­
vers was not determinecl-(13) page 11, and (15) page 69. The point to which 
Dr. Oudemans referred his longitude was the position of the flagsta:ff on Fort Canning 
in 1871-see (15) page 69, and (14) page 211. ' 

This result was deducecl by Dr. Ouclemans-(14) page 214. 

(t.) Madras-8ingapore.-Same operations as in (t) . Result given by Mr. Pog­
son-(13) pages 11-2-i. 

(t
11

) Madras-Singapore.-Tbis 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 J anuary 20, 21, 23, 26, and 
27. These officers made their time observations with the so-called 'broken transit 
instruments,' which o:ffer the great advantage that the observer remains in the same 
position cluring observations of stars at all altitudes-a condition great]y favouring 
the constancy of persona! equation. The-y exchanged galvanic signals direct]y from 
their buts, thus avoicling the danger of having their chronometer rates accidentally 
disturbed, and errors of comparison. They had chronographs upon which their obser­
rntions were recor<led, and their persona] equation was continuously tested by 'abso­
lute persona} equation instruments,' each observer being provided with one. This 
cquation, however, was not introduced in the results, on account of its bcing always 
very small, and probabl:y no greater than its possible variations. Cable signais were 
observed by reflecting galvanometers. The observers were especially well trnincd for 
that class of work, having made togethcr many longitude determinations in vnrious 
parts of the world. Their plans were all prearranged and methodically carricd 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 (t) and (t11) is 0·71 
seconds, and that between (t,) and Ctu) is O ·51 seconds. The Australian astronomers, 
in their report-(6) page 31-adopted the value (t11), which course, consiclering the 
circumstances surrounding the two determinations of this interval, was no doubt the 
best. 

(u) Singapore to Port Darwin.-Tbis interval was determined in 1883, the obser­
vers being Captain (now }.fajor) L. Darwin, R.E., at Singapore, and myself at Port 
Darwin. Captain Darwin made bis 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 (3½ inches object 
glass). The observations were recorded by chronograph. Galvanic signals were ex­
changccl directly between the stations, sent by band, and observed by reflecting gal­
vanometer at each- receiving observatory. Our personal equation was determined be­
fore the undertaking 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 
Captain Darwin, which was strictly adhered to throughout. This plan is described in 
(G) page 26. The operations were repeated on the nights 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 seerned to com­
pensate for their inferior quality, as the individual results show. 

(v) Difference of longitude between the fl.agstaff 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 fl.agstaff was west of Lieut. Norris' 
station. :My station at Port Darwin was on the ground of the Eastern E xtension 
Telegraph Company, 56 feet N. 40 ·22° E. of the veranda post at the northeast corner 
of the cable ofilcer's quarters. It was marked by a masonry pillar 4 x 2 x 2 feet, upon 
which the transit instrument stood. This point is now the origin of the Australian 
longitudes (6). 

(w) Singapore-Banjoewangie.-Observers: Captain Darwin at Singapore, and 
Captain H. Helb of the general staff, Batavia, at Banjoewangie. Captain Ilclb made 
bis 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 anq myself. Signals were exchanged on four nights-viz., J anuary 28, Febru­
ary 1, 22, and 23, 18 3. Persona! 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. W e were glad to have Captain Helb's co-operation, 
as it was not certain whether the direct signals between Singapore and Australia woukl 
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 romains affected 
by the unlmown persona! 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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(w) .. 
(w,) .. 

Personal equation (D.B.). . . . . . . . 

Singapore to Port Darwin (indirect) .. 
Singapore to Port Darwin (direct) (u) 

h. m. sec. sec. 
0 42 06 ·78-+- 0 ·076 
1 05 50 ·84±0·091 

1 47 57 ·62 
·02 

h. m. sec. sec. 
1 47 57 ·60-+-0 ·119} 
1 47 57 ·48-+- 0 ·046 

Di:fference 
o-12sec. 

These combined in terms of their mean errors give :­
Singapore ( Captain Darwin's station)-

h. m. sec. sec. 
Port Darwin. . . . . . . . 1 47 57 ·49 -+- 0 ·045 .... VIII. 

The longitude of Port Darwin may now be deduced, viz. :-

Longitude of Madras (VI.) .... . . 
Madras to Singapore Ctu) . . . . . . . . 

(v).. . . . ... 
Singapore to Port Darwin (VIII.) .. 

Longitude of Port _Darwin (IX.) .. 

h. 

5 
1 

1 

8 

m. 
20 
34 

47 

43 

sec. sec. 
59 ·275 -+- 0 ·139 
24 ·07 -+- 0 ·040 
1·51 + 

57·49 +0·04/i 

22 ·34 +0 ·152 

(x) 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 automatically (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 persona! equation between the observers was determined 
on several occasions through Mr. E. J. White, then Chief Âl>sistant at the Melbourne 
Observatory, and directly 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, &c., as in the case of the interval (x), Port Darwin to Adelaide. Personal equa­
tion between Messrs. Todd and White was determined several times. Comparisons 
made on fî.ve nights-viz., F ebruary 15, 17, 23, 26, and March 2 (1883). 

(x1 ) Port Darwin to J{ elbourne.-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., F ebruary 
15, 23, 26, and March 2 (1883), the individual results being very fairly accordant. 
The persona} equation between the observers was determined before and after the 
expedition-(6) page 22. 

The value (x,) ought to be equivalent to the sum of (x) and (y). 
We have, in fact--

h. m. sec. sec. 
Adelaide to Port Darwin (x) .. 0 30 57 ·80 ± 0 ·041 
)felbourne to Adelaide (y) .. .. 0 25 33 ·84 ± 0 ·050 

Melbourne to Port Darwin, indirect .. 0 56 31·64 
Melbourne to Port Darwin (x,), direct .. 0 56 31 ·66 ± 0 ·044 
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(z) 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 usual, 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 Victoria, 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 bis time deter­
minations with a small transit instrument; sent bis signala by band from the local 
telegraph office, which is at a distance of ( '? ) miles frum bis observatory, using a mean 
time chronometer, and observing the incoming signals by coïncidence 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 24m. 55 ·408sec. 
The mean of the last two is 24m. 55 .395sec., and that of 1861 is 24m. 55 .33sec. The 
value 24m. 55·.4osec. 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. :-

Longitude of Port Darwin, IX .. ..... . 
Port Darwin to Adelaide Observatory (x) .. 
Longitude of Adelaide Observatory, X .. 
Melbourne-Adelaide (y) .. ... ..•.... 
Longitude of Melbourne Observatory .. . 
Longitude of Port Darwin, IX ..... . 
Melbourne to Port Darwin (x1). • • • 

Longitude of Melbourne Observatory, XL. 
Sydney-Melbourne (z). . . . . . . . . . . . . . 
Longitude of Sydney Observatory, XII. ... 

h. m. 
8 43 
0 30 
9 14 
0 25 
9 39 
8 43 
0 56 
9 39 
0 24 

10 04 

sec. sec. 
22 ·34-+- 0 ·152 
57 ·80-+- 0 ·041 
20 ·14 -+- 0 ·157 
33 ·84 ± 0 ·050 
53 ·98 -+- 0 ·165 
22 ·34 ± 0 ·152 
31 ·65 -+- 0 ·044 
53 ·99 ± 0 ·158 
55 ·40 -+- 0 ·091 
49 ·39 -+- 0 ·182 

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 àttached to the longitudes of Adelaide, Melbourne and Syd­
ney, found above, are respectively -+- 0 ·157•ec., ± 0 ·158•ec., and -+- 0 ·182••0• It bas 
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 accidenta! 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 co=on to ail 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 not easily discovered. The theoretical error 
bas no concern in these matters, and gives no help. It is when new instruments and 
new observera 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, besicles, inaccurl!Cies 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 to 
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 eau es 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 de:ficiency 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:-

Greenwich-Alexandria. . . . . . . . 
Alexandria-Suez .. 
Suez-Aden . . .. ... . ... . ... . 

sec. 
0·156 
0·456 
0 177 

Indeed, remembering the circumstances, these differences secm very small. Y et, 
.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 ~he 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 fondamental longitudes. . 

The portion from Aden to Madras depends on the elaborate and refined operations 
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 justi:fied by the nature of the ca e 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 12" ·29 = 0 · 19sec. 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 lo11gi­
tude chain via Berlin-Ispahan-Kurrachee, and but for the doubts attached to the 
Kurrachee station this test would be invaluable. 

W e have now the determinations Madras-Singapore of 1 71 and 1 2. 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 persona! equation of the observera. 
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. Oudemans and Mr. Pogson. The interval Singapore to 
Port Darwin depends solely on one set of operations-viz., those of 1 3. 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 de:fined, 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 di:fference 
between the direct and indirect result is O -12sec. 

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 automatic, and transit observations at the fixed observatories involve very 
1ittle uncertainty. 

The various measmements of the interval Sydney-Melbourne, as we have repeat­
<:ldly. observed in these pages, range from 24m. 55 -10sec. to 24m. 55 ·Slsec., which may give 
reason 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, :fi.nally, 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 I mprovements of the Adopted Values. 

No doubt, even with the present means of astronomical science, the A.ustralian 
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 :fi.rst opportunity. · 
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Refer­
ence 

Lc:tter. 

(<t) 
(b) 
(c) 
(d) 
(e) 
(J) 

(J,l 
(g) 

(g,) 

(h) 
(i) 

(i,) 

(k) 

(k,) 
(k11) 
(t) 
(,n) 

(m,) 
(n) 

(o) 

(p) 
(q) 
(r) 

(,·,) 
(1·11) 

(,) 
(t) 

Difference 
of 

L ongitude. 

h. m. s~c. 

2 05 06·240 
0 05 32·550 
0 53 34·3Gfj 
o 0-1 2s ·:nG 
1 01 30·G4G 
J 05 'itl-750 
1 05 59 ·020 
0 10 38 923 

0 10 39·078 

0 05 06·931 
0 00 00·320 

0 00 00·025 

0 4() 43·750 

0 4!) 43-733 
0 4() 42·662 
o oo oo·s7; 
1 51 18"940 

l 51 1!)·973 
0 00 00·134 

0 29 43 -530 

2 33 05·440 
1 01 13·090 
0 53 06·220 

0 53 0J·850 
0 52 55·720 

o oo oo·no 
l 34 23·:Jl\5 

1 3-l 23·560 

1 ,;4 2-l ·0ïO 
l 47 57.480 

0 00 01"510 

o -12 00·7so 
1 0iï :ï0·840 
o :10 ::;7·soo 
0 25 33"840 
o .ïo :n ·uGo 
0 21 ,,5·400 
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Corn- 1 
puted 1Iean

1 l!:n-or. 

Description of Int r\'81 
for which the Differencp of 1,ongitnde iH gi ven. 

1 

sec. 

+ o·0!l8 Greenwic:h-1\Ioka.tta.m (Cairo). ± 0·12-2 Alexa.ndria. (Hunter's station) to Mobttam. 
. . . . . . . . . . . Greenwich-Berlin (Transit Circle). 

± 0·053 Berlin-1\falta.. 
± 0·030 l\falta-Alexa.ndria. 
± 0·07!! Berlin-Alexandr:a. Dr. Copeland's va.lue. 
± 0·078 Berlin-Alexa.nclria.. Dr. Auwers' value. 
± 0·082 IAlexandria (Hunter's station) to Suez (Low's station). Dr. Cope­

land ·s va.! ne. 
± 0·082 Alexnndria (Hunter's station) to Suez (Low's station). Dr. 

± 0· 10:3 Mokattam-Suez (Hunter's station). 
1 

Auwers' vaine. 

Suez (~müer's station, enst of Low's station) to Dr. Gill's detPr­
m1nat1on. 

. . . .. Suez (Hunter's station, e:ist of L ow's station) to Capta.in Camp-
hell's traverse mernurement. 

± 0 ·120 Suez (Lêiw's station) to Aden (Gill's stat ion). Dr. Copeland's 

± 0·120 
± 0·060 
± o· 
± o· 

,·a.lue. 
Suez (Lüw's station) to Aden (Cill's station). Dr. Auwers' value. 
Suez (HuntPr'~ st-'l.tion) to AdPn ( Heaviside's str,tion). 
Aden (Gill's st-'l.tion, east of Heaviside's station). 
Aden (Gil l's station) to Bomba.y (Chamber's station, Cola.ha Obser­

vatory). 
± 0·056 IAdPn (HeM·iside's station) to Bombay (Heaviside' station). 
.......... Rombay. to Captain Hea.viside's station (east of the Oolaba Obser­

vatory Transit Instrument or Chamber's station). 
± 0·058 Bombay (Heaviside's station) to Madra (Observatory Transit 

± 
± 
± 

± 

± 
::,:: 

± 

Oircle). 
Berlin-Ispahan. 
Ispa.han-Kurrachee (Addison's station). 
Kunachee--1\Iadras (.\ddison and Pog-son). Genera.l Addison's 

value. 
Kurrachetrl\faclras (Addison and Pos-son). Mr. Pogson's value. 
Kurrachee (Ca.plain Campbell's station) to Madras Observatory. 

Det,.,rmination by the olticers of the G.T.S. 
Knrrachee (Campbcll's lougitude sta.ticlll, westof Addison's station). 

'Madras (Observatory) to Singapore (flag staff on Fort Canning, 
1871 ). Prof. Oudemans' value. 

i\fa<lra. (Observatory) to Singapore (flag staff on Fort Canning, 
, 18ïl). l\lr. Pogson's value. 

± o·O-l0 Madr~ 1Observa.tor~) to Singapore (Lient. Norris' station). 
± 0·046

1

Singapore (Lient. Norris' and Capta.in Darwin's station) to Port 
Darwin (Barncchi's station) . 

. . . . . (Li1,11t. 'orris' station is the s:ime as Capta.in Darwin'• station ). 
(Darwin 's station, ea.stof fla.g su,lf on :Fort Canning, 18ïl). 

± 0·076 ,-;ingapore (Darwin's station) to I3a.njoewa.ngie (Ca.pt. Helb's). 
()·091 IBa.njoewangie (Helb's station) to Port Darwin (Baracchi's station). ± 0·041 Port Darwin ( Baracchi's station) to Adelaide (OLserva.tory) . 
0·ù50 ji\Itlbourne (Obset·va.tory) to Adelaide (Obsi,rvatory). 

::,:: o·0H Port Darwin (Bara.cchi' station) to Melbourne (Observa.tory). 
o·O!H Syrln~y (Ob,ern,tory) to i\Ielhourne (Obst'n',,tory). 

II.-List of Works Oonsulted. 

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

(2) Smithsonian Contributions to Knowledge, No. 223, vol. 16. 
(3) .\.stronomische Nachrichten, No. 2636. 
(-1) l·11ite,l States Coast Survey R eport. App. 18. 
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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. 38. (General T . Addirnn, C.B.) 
(11) Account of the Operations of the Great Trigonometrical Survey of India, 

vol. ix. (General J. T. Walker, C.B., R...b., F.R.S., &c.) 
(12) Report of the Great Trigonometrical Survey of India for 1876-77. 
(13) Telegraphic Determinations of the Difference of Longitude between Karachi, 

&c., and the Government Observa tory, 1.Iadras. (By Norman Pogson, C.I.E., F .R.A.S., 
&c., Government Astronomer.) 

(14) Astronomische Nachrichten, No. 2486. (Prof. J. A. C. Oudemans.) 
(15) Telegraphic Determination of Longitudes in J apan, China, &c. (By Lieut. 

Commanders F.M. Green and C. H. Davis and Lieut. J . A. Norris, U.S.N.) 
(16) Royal Astronomical Society, vol. xlviii. (By John Tebbutt, F.R.A.S., &c.) 
(17) 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 Deccmber, 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 publishecl details of Profes­
sors Albrecht and W anach'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 su:ffer material correction. 

The rneridian of Madras is the one of reference for the Great Trigonometrical 
Survey of Indi!I,, 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 
'7alue, so that at the International Geographic Congress held at Berne in that year thP­
question arase, 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 nova was decided 
upon, carrying 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 1 94-96. 

In Volume xvii., Appen<!ix 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, C, D and E. 

Series A leads via Pulkowa to Vladivostock, with thirteen links, carried out by 
the Russian general staff, and thence by o:fficers 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
tions 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 P otsdam will be used for deducing Singapore. The 
differeI!ce 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, Brisbane, 
and Wellington for comparison with the Canadian longitudes brought across the 
Pacifie. 

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 Annals of the Cape Observatory: ' In the case of Lord Lindsay's 
Expedition (i.e. of Series D.) the observations lay no claim to high re:finement. 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 
abstain 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 persona! assistance and the crucial observations. 
for time had often to be made under conditions of extreme fatigue, amounting on 
one or two occasions nearly to exhaustion on the part of the observer engaged. In fact 
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 re:finement essential for­
fundamental longitudes. 

The result of the :five series of operations, Capt. Burrard tabulates as fol1ows :-
Longitude of Madras. Probable Error. 

h. m. sec. sec. 
Series A. . 5 20 59 ·750 -+- ·155 

B. . 59 ·010 -+- ·163 
C. . 59 ·137 ± ·022 
D. . . . 59 ·233 ± ·127 
E. . 59 ·421 -+- ·123 

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

The adopted value of Berlin, as given in the Berliner J ahrbuch, up to 1903 is 
Oh, 53m. 34 ·9l05ec, 

Berlin-Potsdam, 1m, 18 -721sec., Astron. Geod. Arbeiten in 1891. Longitude 
Potsdam, Oh· 52m. 16 ·189••c. By Series C, 011· 52m. 15 .953sec., Vol. xvii. p. 208 G. T. S. 
India. Or -234sec. less than the G·erman value. 

The value of Potsdam of Series C, Oh· 52m, 15 -953sec. is the mean of the two values 
Oh· 52m. 15 ·623sec. and Oh. 52m, 16 ·283•cc., obtained by exchange of stations by the obser­
vers Capt. Burrard and Capt. Conyngham. This gives a difference of ·660••c. be­
tween the two resulfs, and the personal equation is half, or ·33osec., a quantity larger 
than had Leen obtaine<l by direct observation therefor both at Greenwich and in India. 

In 1903 a re-<letermination of Greenwich-Potsdam was carried out by Dr. 
Albrecht and hlr. Wanach. Stations were exchanged and the observations made with 
a Repsolcl rcgistering 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 renetition. 

Frorn the abo,·e 1!l03 dctermination, we have Potsdam Oh· 52m. 16 ·051sec. -+- ·003sec. 
p.e.* or ·09S•ec. more than that of series C, and :138••0

• less than the former German 
value. 

X ew Z ealand. 

In volume 35 of the Transactions of the New Zealand Institute, :Mr. T. King, 
obscn·e\· at \\T ellington, gi ves a full account of the various cletermination macle for 

• P. ï7. No. 16 Veroffentllchung des K. Pre ussischen Geodiitlschen 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 1111• 39m. 09 ·92800
·, derived from 

moon culminations, 1869-71. In 1876 a telegraphic di:fference 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 de:6.nitive meridian for New 
Zealancl resulted from the 1876 work. 

In 1883, as ah-eady noted, Sydney was connected with Greenwich by a chain of 
telegraphically connectecl stations entering Australia at Port Darwin, and the result­
ing longitude was 1Qh. 04m. 49 -54sec.t 

In the same year Me srs. Russell and Adams connected Sydney with Wellington 
(Mount Cook station), obtaining _a di:fference of longitude lh· 34m. 16 ·983•ec.-+- •02osec. 
(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, 1111• 39m. 06 ·52••c. 
This value is less than the hitherto accepted value by 3 -4osec., 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 -21scc., so that the longitude of the present Wellington Observatory, is 11h. 39m. 
05 ·31 sec. east of Greenwich. 

This value is based on:-
1883, Wellington-Sydney. Adams and Russell. 
1883-84, Sydney-Melbourne-Port Darwin. Ellery, Todd, Russell, Baracchi. 
18 3, Port Darwin-Singapore. Baracchi, Capt. Darwin. 

As 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 a:ffected by any change in the value of Mitdras. Although the 1883 value 
for Mount Cook initial station was at the time considered de:6.nitive, 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 Zealand. This was due to the great 
labour involved in changing the engraved plates. 

Mr. 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 
revise the longitudes on: the basis of Mr. Russell's and Mr. Adams' determination.' 

The ch=ge of longitude by the 3 -4osec., will shift the topography relative to the 
mericlians about three quarters of a mile to the west. 

LATITUDE. 

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

Vancouve-n.-The value used was that of former years, this station having been 
occupied at various times for longitudes in British Columbia:-

cp = 49° 17' 48" 

Fanning Islanœ.-Mr. Werry observed here 29 pairs of stars between the 19th 
April and 11th May, 1903, Talcott's method, and obtained the value:-

cj,=+3 ° 54' 37" ·53±" ·015 
--------------

t Report on the Telegraph!c Determination of Australian Longitudes.-Melbourne, 1886. 
• Trans. New Zealand Inst!tute Vol. 35, p. 446. 



72 DEPA.RTMENT OF' THB INTERIOR ix 

5-6 EDWARD VII. , A. 1906 

Suva, Fiji.- Between June 27 and J uly 27, 1903, Dr. Klotz obtained here 28 pairs 
of stars from which the latitude was found to be:-

cf,= - 18° 08' 45" ·02-+-'' ;014. 

Norfolk I sland.-M:r. Werry observed here 28 pairs of stars between Sept. 17 and 
23, 1903, and obtained the value:-

cf,=-290 00' 28" ·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 :-

.cf,= - 27° 58' 53". 

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

cf, = - 27° 28' 00" ·O. 

Sydney.-The l osition of the observatory, where the observations were taken is 
(given in the Nautical Almanac) :-

cf,= - 33° 51' 41" ·1. 

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

<t>=- 41 ° 16' 47" ·1. 

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-

cf, = - 34° 58' 58"·1 

Applying it to Mr. Blake's survey we have:­
Station 20-A. . . . . . . . 
Station A.. . . . . . . . . 
Station A-Observa tory .. 
Observa tory .... 

22" ·-87 
- 34 ° 59' 20" ·97 

1"·07 
- 34 ° 59' 22" ·04 
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The following is an abstract of the transit observations at the various stations:-

TRANSIT OBSERVATIONS. 

Station: VANCOUVEH. D.-te, April 10th, 1003. Observer: ÜTTO KLOTZ. 
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1-12. 41 17 ·ss - ·1::1 - ·0-1 +·04 - ·021- ·02 17·71 40 22·59 ·12 + ·02 

1072 ... :::.:.::.: :· 47 17 ·76 - ·os - ·os + ·oa - ·01 - ·01 1ï ·61 46 22· 68 ·03 - ·07 
.423 .. ..... . .... -1 66 02·42 - ·101 - ·06 + ·03 ·oo - ·02 02·27 55 01 ·11 ·1r. + ·06 
145.. ..... . . . Î 10 02 59-37 - ·12 - ·05 + ·03 ·oo - ·02159· 71 10 02 0-1 ·66 -15 +· 05 

W HS ............ 10 12 15·05 -· 24 - ·041 - ·0-1 + -011- ·02 14·72 11 19"68 ·o.t·o6 
149.. .... . . . . . . . 17 30·65 - ·32 - ·02 - ·04 + ·02 - ·02 30·27 16 35 ·1(; ·11,+·01 

Ill::::::::. ·::: ·: :1 
23 u-10 -·:m - ·02 - ·04 +· 02 - ·02 13-74 22 18·56 ·18+·08 
27 51 35 -·91 +· 1s - ·14 + ·03 - ·06 50 -45 26 55·361 ·09 - ·01 

431. ......... . . . . 41 ~w-so - ·27 - ·031 - ·04 +· 04 - ·02 25"48 , 40 30 ·37 ·n +· 01 
432 ........... 45 06·9() - ·20 - ·061 - ·03 + ·04 - ·02 06 ·6131 44 11 ·55 ·os[- ·02 

a= -•·09-1 c=+•· 033 
Chronometer correction at lOh 00'"= -55•· 098 ± • 012 
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5-6 EDWARD VII., A. 1906 

TRANSIT OB ERV ATIONS. 

Station : VANCOUVER. D ate, April 15th, 1903. Observer : ÛTI'O KLOTZ . 

Star. 

. eo 
>. 

Transit ~; 
over mea.n of ~ ce ~ ~ 

tbreads. ;; " §' .ê 
~ ~ -0.. N 
H < 

t 
8 

R. A. v. 

------------- -- ---1----- ---- -
1 8. 

E 127 ............. . 
129 ......... .. . . 
132 .. ... ... .... . 
133. .... . .. .. . 
134 . ...... . .. .. . 
136 . ...... . .. ... . 
137 . . ......... . . 

W 142 .............. . 
423 ..... .. . ..... . 
145 .....• ..• .. .. . 
148 . ..... . . .. ... . 
149 .... .... •... . . 
~6 ...... .. ... .. . 
150 .... . ........ . 

h. m. s. 
8 41 38·51 

61 04·82 
55 09·67 
57 49·33 

9 10 os ·o4 
15 57·97 
24 09· 32 

41 10·07 
55 54 -47 

10 02 52·00 
12 07-15 
17 22·68 
23 06 ·11 
27 43·10 

S. 

+ ·03 
- ·02 
+· 04 
+ ·04 
+ ·02 
+ ·03 
+ ·15 

- ·os 
- ·06 
- ·07 
- ·os 
-·11 
- ·10 
- ·31 

s. 
+·04 
+ ·os 
+ ·J2 

·oo 
+· os 
+ ·03 
-·u 

+ ·05 
+ ·07 
+ ·06 
+· 05 
+ ·021 
+ ·031 - ·21 

s. r= +s:06 s. 
+ -03 - ·05 - ·02 
+ -03 - ·04 - ·01 
+ ·04 - ·04 - ·02 
+ ·04 - ·04 - ·02 
+· 03 -·03- ·0l 
+ ·04 - ·02 - ·02 
+· 21 - ·01 - ·10 

- ·o3 
- ·03 
- ·03 
- ·03 
- ·04 
- ·04 
- ·13 

+ ·01 - ·02 
+ ·02 - ·02 
+ ·o::i - ·02 
+ ·04 - ·02 
+ ·04 - ·02 
+ ·05 - ·02 
+·05-·06 

a= +•· 111 C= +• ·030 

b. m. s. 

38·54 8 40 51·22 
04·90 50 17 45 
09·71 64 22·34 
49 ·35 57 02 ·01 
08 ·]3 9 09 20 ·62 
58 ·03 16 10·49 
09· 16 23 21·68 

JO·OO' 40 22·60 
54-45 55 07 ·05 
51·97, 10 02 04·50 
07·11 11 19·62 
22 ·571 16 35•07 
06·03 22 18 · 48 
42·441 26 55 ·04 

Cbronometer correction at 9h 34m= - 47• ·453±•· 0]4 

w 433 .... " ..... ·11 10 53 04 ·18 
154. ... . . . . . . . . . 58 34 · 84 
-t34 ............ n oo 50·1s 
155. . . . . . . . . . . . . 05 02 ·11 
156... ........... 09 46 ·42 

E 160 ... .. . ....... . 
162 ............. . 
163 . ............ . 
164 .... .. .. , ... . 
166 . .. ...... . ... . 
167 ... . . , . ...... . 

11 16 57'38 
26 29 ·25 
41 45 ·14 
44 5(;·01 
49 33 '40 

12 01 05 ·43 

- ·35 
-· 17 
- '06 
- ·11 
- ·os 

+ ·05 
+ ·17 
+ ·09 
+ ·on 
+ ·10 
+ ·051 

- ·2s 
- ·06 
+ ·os 
+ ·01 
+ ·06 

+ ·os 
-·12 

·oo 
+·07 
- ·02 
+ ·os 

r grl 
+· 01 
+ ·01 
+ ·01 

- ·01 
- ·01 
- ·01 
- ·01 
- ·01 
- ·01 

1 
- ·o3 - ·01 
- ·02 - ·04 
-· u2 - ·02 
- ·02 - ·02 
- ·01 - ·02 

-· 01 - ·01 
·011 

- ·05 
+ ·02 - ·02 
+· 02 -· 02 
+ ·03-·03 
+ ·o-t - ·02 

a= +•· us c= -•· oo5 

03·47 
34 ·56 
50·J7 
01 ·98 
46 ·38 

57·48 
29·24 
45·22 
56·12 
33-47 
05 ·57 

Chronomeœr correction at 11 h 23m = - 47• · 309±' · 016 

1 
-r '041 

1 
l r= + 0561 1 

E 177 .... ,. . · / 13 08 10·13 + ·011 
+· 01 · - ·041- ·02 10· 13 

178 ...... . . . . 20 50'76, + ·06 - ·01 + ·01 -· 03 -·03 50-~5 
452 . . ..... .. ····1 24 29-ss 

+· 11 - 'û9 + ·021 - ·02 - ·05 29 ·85 
179 ........ . . ... 30 34'50 + ·02 +· 02 + ·01 - ·02 - ·01 34·52 
180 ... . . . . 43 28·471 + ·03 + ·021 + ·01 ·oo - ·02 28·51 
182 .. . . . . . . . . . .. . 50 53·23 + ·o.i + 02 + ·01 ·oo - ·02 53·27 

w 184 .... .... .. .. •
1 14 02 35 ·681 - ·15 - ·02 - ·01 + ·01 - '03 :x,· 48 

458 ............ . 06 47 ·86 - ·07 + ·01 - ·01 + 02 - ·02 47 ·79 
459 . . 10 04·29 - '29 - ·07 - ·03 + ·O:l-· 07 03·85 
188. 13 31·22 - ·10 ·oo - ·01 + ·02 - ·02 31 · 11 
190 . ... 22 43·311 - ·]l ·oo - ·01 ,.. 03 - ·02 _43 ·20 
192 . .. 28 2s·n - ·07 + ·01 - 01 + ·04 - ·02 28 ·36 

a= +•·029 c= +•· 007 

10 52 rn· 1sl 
57 47 ·141 

11 oo 02·s2 
04 14 '821 
08 59-04 

16 10 ·16 
25 41 ·90 
40 58·001 
44 os·s2 
48 46 .15 

12 00 1s ·24 

·1 
13 O'i 22·991 

20 03 ·61 
23 42 '68 
29 47·32 
42 41 · 34 
6006·14 

14 01 48 ·27 
06 00·68 
09 16 ·72 
12 43 ·96 
21 55 ·s8 
Z"i 41 ·10 

Chronometer correction at 13h 43m = - 47' · 181±' · 013 

8. 

-47·32 - -13 
-45 00 
·37 - ·œ 
-34 -·n 
· 51 + ·()6. 
·54 +· 09 
·48 + · 03-

·501 + ·05, ·40 - ·05 
·47 + ·02 
·49 + ·04 
·50 + ·05, 
·55 + ·10 
·401- ·05 

- 47 · 29 - ·oz­
· 42 +· 11 
·35 + ·04 
·16 - ·15-
·34 + ·03 

'32 + ·01 
' 34 + ' 03 
· 22 - ·09 
·30 - ·01 
·32 + ·01 
' 33 + ·02 

-47'141- '04 
·14 - ·04 
·171- ·01 
·20 + ·02 
·17 - ·01 
. 131- ·05 

·21 -r ·03 
·111- ·07 
·13 - ·os 
'15 - ·03 
·32 + · ]4 
·26 + ·08 
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SESSIONAL PAPER No. 25b 

TRA :rsrT OBSERVATIONS. 

St.'l.tiou: VANcoi.;n:R. Date, April 16th, 1903. Observer : ÛTTO KLOTZ. 

.éO ..; g 
1 

... 
>, 0 ,..._ 

d " ., .., 
"Cl.., ,::i ~ 

..., 0 

Transit .,.~ 0 Q) Q) 

..,: ·..s 0 C_.; st Star. o,ermtau of 
., - . -~ R.A. d~ ..., <l UJ• - t•. , "g~ oO 

C. threads. - 0 0 
0 a ... .:0 s ~ cr.;: s - ,; ... 0 .. 0 
·;. ., 1l " ... ... 

"' Q) Q).:,. ô .. ., ., ..c ô H .,: 0 ~ < rn 0 
---------- --------- -~1-- ------ ------

1 
h. m. S. s. s. s. h. m. s. s. S. r =+ ·07 

E 150 .............. 10 27 41 -11 - ·] 5 - ' 26 + ·121 - -05 - ·06 40'71 10 26 54'98 - 45 ·73 + -02 
1431. .. ... •..••... 41 rn-oi - -05 + ·05 + ·03 - -03 - -02 16·00 40 30'30 ·70 - ·01 

,t;~: ::: ::::::: ::: 44 57·12 - ·03 + ·09 +- o~ - ·03 - -02 57·16 4-1 11 -49 ·67 - ·04 
48 40 '90 - ·o:; +· 04 + ·03 - ·02 - ·02 40·88 47 55 29 -59 - ·12 

434 . .........•... 11 00 4S·Gl - -04 + ·09 + ·03 -·01 - -02 48'66 11 00 02 82 "84. + -13 
155 . . ... ····· .. 05 00 -53 - ·06 + ·02 +· 04 00 - ·02 00 -51 04 14-so ·71 ·oo 

\V 159 .. ... .. ... 14 02-39 - ·21 + ·04 - -03 + ·01 - ·02 02·18 13 16·48 ·10 - ·01 
160 .. ...... Hi 55·82 - · ]4 +· ()\;/ - -03 +· 01 - 01 55-74 16 10·15 -59 - ·12 
11% ........... 2G 28·22 - -39 - -14 - ·os + ·02 - ·05 27 "58 25 41 ·s1 ·71 ·oo 
438 . ............. 32 46 ·85 - ·12 +· 10 - -03 + -03 - ·01 46"82 32 0] ·06 ·76 + ·05 
lGL ........... H 54·65 - ·13 + ·os - -03 + ·04 -· ·02 54-59 44 08·81 ·78 + ·07 

1 --
c== +•· 02s 

Chronometer correction at Uh Sm= - 45•· 70!1±•·017 

w 177. . . . . . . . . . . . . 13 os os ·47 - ·01 +· or, +· Ofi - ·05 - ·02! 08·51 13 07 23-00 -45 '6 [1- -05 
451. ........ . .... 13 59 -33 - ·01 + ·03 + ·07. - ·04 - ·02, 59- 36 13 13"84 -52 - -04 
178 ..... . ........ 20 49 "13 - ·01 - -03 +· 09 - ' 03 - -03 49·]2 20 03"61 -51 - ·05 
452 .............. 24 28·44 - -03 -· 20 +·17 -· 03 - ·061 28·30 23 42 '67 '63 +· 07 
454 . ........ . .... :n 15-59 - ·01 + "04 + ·06 -·02 - ·02 15"64 30 30·11 -53 - '03 
1 o ..... . ........ 43 26"84 - -01 + ·os + ·05 - ·01 - ·02 26·93 42 41 -35 '681+· 02 

E 182 .. ...... ...... 50 51 "68 +· os + ·os - -05 -oo - ·02 51-77 50 06"15 ·62 + '06 
183 . ........... . 57 30·40 + ·06 + -10 - -05 + Ol - ·01 30·51 56 44·88 ' 63 + 07 
1 4 ............. . 14 02 33-r,7 +·20 -·09 - ·12 + -02 - -03 33 -55 14 01 43-27 -3s - ·1s 
i458 . .... . ....... or, 4C ·27 + -09 + ·06 - ·06 + ·02 - ·02 46 "36 06 00·68 ·68 + ·12 
459 .............. 10 02 ·58 +·37 - -32 - ·24 + ·03 - ·07 02-35 09 16·73 '62 + ·06 
188 ......... .... 13 29-43 +· 13 + ·(Il - ·07 + -03 - ·02 29·51 12 43 -97 ·54 - ·02 
Hl2. ............ 28 26"551 + ·10 + ·05 - ·06 + ·05 -- 02 26'67 27 41-11 '56 -oo 

c= -•·050 
Chronometer correction at 13" 48m= - 45•·561±•·017 
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TRANSIT OBSERVATIONS. 

ix 

5-6 EDWARD VII., A. 1906 

Station: V.rnCOUVER, Da.te, April 18th, 1903. Observer : ÛTIO KLOTZ . 

ci. 
Star. 

~ 
5 

- -------

E 141. . ... 
142 .... .. · ·· ·· 144 . . .......... 
423 .. ... . . .. . .. .. 
162 . . ·········· 438 .. . .. , ....... 

w 152 .. ......... .. 
433 ....... . .. . . . 
153 ..... .. ...... 
434 ...... ... . .... 
155 .. . . . . . . . . . . . . 
166 ...... .... . 

1159 ......... 

E 1180 ............ . 
182 . . ...... .. 
183.. .. . . ... .. 
184 ........ .. .. 
45~ ..... . 
459 .... ...... . .. . 

w 1:::::-- : ·: ·:::::: 
192 .. ........... . 
lfl7 ...... . ... .. 

1

198 ...... . ... .. . 
199 .. .......... . 
465 ........ .. 
1201 ............ . 

. èO ,.; ... 
>, C 

C) 

Tra.11sit 
.,,.., ::i ::i ~ 

1 

,:::·- 0 

over mea11 of d '; _s ..d :;; .9 0_.; 
R. A. cil .., r:r, • .-; 

~ cil .,, "' threa.ds. - "0 
-~ 

E 
i 

,. C: C 
~ O'".~ 

~ 
., 0 0: 

â> Q) o. " ... N cil ,1J ., ... 
.:l < 0 

,=: 031 : 

r:n --- - ------ ------
b. m. s. s. s. S. i h. m. s. 
9 36 43·3() + ·05 + ·os - ·02 - ·02 - ·02 43-43 9 36 00·10 

41 05"76 +· 06 +· 06 - ·03 - ·02 - ·02 01>·81 40 22·46 
47 59·92 + ·06 + ·05 - ·03 - ·02 - ·02 59 961 47 16·59 
55 5o·a6 + ·05 +· os - ·02 - ·01 - ·02 50 44 55 07 ·01 

11 26 25 ·30 +: 15 - ·13 - ·os + ·03 - ·05, 25 -24 11 25 41-i!l 
32 44 •37 + 03 + ·10 - ·02 + ·03 - ·01 44 ·50 32 01·05 

10 48 38 · 72 - ·os +· 04 + ·03 + ·01 - ·02 3 ·72 10 47 55-2~! 
52 59 ·83 - ·25 - -30 +· os + ·01 -- ·071 59 ·30 52 J5 ·fJB 
56 45 ·30 - ·121 - ·or, +· 05 + ·02 - ·04 45 ·15 56 01 ·67 . 

11 ou -16 ·12 - ·04 + ·os + ·02 + ·021 - ·02 45 ·1t1 11 oo 02 -so· 
04 5s·l6 - ·os +· 01 + ·03 +· 021- ·02 5 ·12 04 14 -73 
09 42 ·39 - ·05 + ·06 + ·02 + ·02 - ·02 42'421 08 59·02 
13 5!)·901 - ·01 t- ·041 + ·o:i + ·02 - ·021 59·90 13 16 ·461 

c= -•· 024 
Chro11ometer correction at 10h 24m = - 43•· 402±•· 011 

13 43 24 . 531 + 
50 4!l 31 + 
57 2s ·11 + 

·01\ 
·os 
·06 
·19 
·os 
·36 

14 02 31·(,0 + 
06 43· 84 + 
10 00·45 + 
13 27 ·19 · ·12 

22 39 ·47 -
28 24 ' 46 -
42 06 ·22 -
51 -15 ·59 -
59 02 ·n2 -

15 01 02 ·69 -
12 2o·s7 -

1 

·11 
·07 
·04 
·22 
·08 

08 
·o- , 

+ ·10\ 
+ ·10 
+ ·13 
-· 111 + ·OB 

- ·431 + ·01 

- ·02 

+ ·071 +· 13 
- ·28 
+ ·0-1 
T ·os1 
+ ·061 

- ·(14 - ·03 - ·u2 24·61 
- ·0-1 - ·02 - ·02 49 ·41 
- ·04 - ·02 - ·01 28·23 
- ·09 - ·01 - ·03 3l ·M 
- · ().j - ·01 - ·02 43 ·93 
- ·18 - ·01 - ·07 00 ·11 
- ·05 - ·01 - ·02 27·24 

+ ·06 ·oo - ·o3 39-37 
+ ·04 ·001- ·02 

24'48 
+· 01 + ·01 - ·01 06·35 
+ ·14 + ·01 - ·05 45 · Hl 
+ ·05 + 02 -· 02 02 ·93 
+· 0-1 + ·02 - ·02 02 ·74 
+ ·0-1 + ·o3

1
- ·oz 20 ·90 

c= -•· 036 
Chronometer correctio11 at u• 2sm = - 43• · 302±' · 010 

13 42 41·361 
50 06 ·16 
56 4•1·90, 

14 01 48 ·291 
os oo ·;o 
09 JG·75 
12 43 ·99 

21 55 ·92 
27 41'13 
41 22·97 
51 01 ·98 
58 19·621 

15 00 19 ' 46 
11 37 ·61 

g ,..._ 
$~ 
., Q) 

Et v. oo 
,::: " 
0 ... ,:, 

0 
----

S. S. 

- 43"33 - ·01 
·35 - ·05 
·37 - 03 
·43 + ·03 
-43 + ·03 
·45 + ·05 

·44 +· 04 
·32 - ·os 
·48 +· os 
·38 -,02 
·34 - ·06 

·44 + ·0-1 
·4oj ·oo 

-43·25 - ·o 5 
5 
3 
4 
7 
6 
5 

·w - ·o 
·33 + ·o 
·26 - ·o 
•23 - ·o ::,~:g 
-45 + ·1· 0 

5 ·35 + ·o 
·3s + · 08 

9 ·21 - ·o 
·31 + ·01 

? ·2s - ·o_ 
·29 - ·01 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERV .A.TIONS. 

Station : VANOOUYER. Date, April 21st, 1903. Observer : ÛTTO Kr,OTZ. 

1 

1 - ~ 
è " -~ 0 
0 0 

~ .... ~ 
" 

0 .,..., 
"Cl..., " ~ ..., 0 

Transit i::;.::: . -~ -~ 0_.; st Star. over mean of œ d .;g -:; "' 
u:;:,,- R. A. v. 

C. ~" 0 " .§ "' "Cl 00 0 0 
threads. '"' ◄ i::: i:::" a ~ O"'.~ a $ " - "' 2 ~ "' 0 " ., ~ G:> Pl .N 

"' ,D g..., .c. 
ô H ~ 0 i::4 ~ tll 0 

- ---.--·- --------------- --- --
b. m. 8. S. S. s. S.• s. h. m. 8. S. S. r =+ ·05 

E 194... .... ···•· 14 36 49·80 - ·01 + ·09 + ·05 - ·03 - ·02 49·ss 14 36 12"1!0 -37"58 - ·10 
197 ... ··•·· •• ·· 42 00·55 ·oo + ·12 +·05 - ·02 - ·01 00·59 41 23·00 . ·69 + ·01 
198 ... . . . .. .... 51 39·84 + ·06 - ·24 + ·17 - ·02 -·05 39 "76 51 02·03 •73 +·05 
199 .. ··•· ··· .... 58 57·14 + ·04 + ·03 +·06 - ·01 -·02 57·24 58 19 ·66 ·5s - ·10 
465 .. . . . . . . . . . . 15 00 57·06 + ·03 +·07 + ·05 ·oo - ·02 57·19 15 00 -19·50 ·611 +·01 

w 201 ..... . .. ..... 12 15·31 + ·02 +· 05 - ·06 ·oo - ·02 15•30 11 37·65 ·65 - ·03 
203 . . ........... 21 83 ·31 +· 12 - ·20 - ·15 + ·01 - ·04 33 05 20 55-43 ·62 - ·06 
206 .. ······ · · . 28 06"44 + ·07 + ·03 - ·06 + ·02 - ·02 06·48 27 2s·7n ·69 +· 01 
209 ... .... .... . .. 31 14 60 + ·06 +· 07 - ·oo + ·02 - ·02 14·68 30 36 ·95 ·73 + ·or; 
210 ........ ... ... 36 23·23 + ·os + ·04 - ·06 + ·02 - ·02 23·29 35 45-59 ·70 + ·02 

1211. .... . ........ 39 19·861 + ·os + ·07 - 051 + ·02 - ·02 19 ·961 38 42"26 ·10 + ·02 
213 ...... ... . ... 42 22·43 + ·071 + ·09 - ·()i, + 03 - ·02. 22·55 41 44 ·7s ·77 + ·09 

1 

a= +•· 159 
Chronometer correction at 15h JOm= - 37•·677±' 013 
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TRANSIT OBSERVATIONS. 

:ix 

5-6 EDWARD VII., A. 1906 

Station: V ANcoun:t1. Date, April 23rd, 1903. Observer: ÛTTO KLOTZ. 

1- 1 
,.; 

1 
.e o .... 

>, 0 

" . .,,..., ci ci ~ Tra.nl)1t, c;.: 
'5 

] -~ 0.._; 
Star. over mean < f ,:e aS i al en•- R.A. 

::i, threads. - "0 " .§ al "O"' 

§ ~ o-.:: E j t "" ~ "' 0 ~ 
Q:I Q.) o.. t~ " ..0 2 +> 

ô H < 0 1Z -~1~1----------- ---- --1--;-· 
h. m. s. s. 

S. S. tr= + ~(,~ S. 1 h. m. s. 

w 154 ..... ··•·· .. .. 105821·9[ - ·23 - ·os +· 061 - Oo - ·04 ,'H 60 10 57 46 "92 
i155. . . . . . . . . . . . . 11 04 4\1 ·48 - ·l5 +· 02 +· 04 - ·04 - ·02 49 ·33 11 04 14 ·70 
1156 ............ 09 33·G3 - ·10 -t · Q!) + ·03 - ·03 - ·02 33 ·Go 08 58·96 
159 ... ......... 13 51·11 - ·13 + ·06 + ·03 - ·02 - ·02 51·03 13 16 '40 
160 ..... .. . .. .... 16 -H ·G4 - ·os +· 12 +. 03 - ·02 - 02 44 '67 16 10-09 

1 
E 162 ... . . . . .... 26 16 ·65 - ·os - ·1s - ·os - ·01 - ·05 )6 ·25 25 41 '63 

438 .. ..... 32 36·()3 - ·02 + ·13 - -03 ·oo - ·01 35·70 32 01 ·01 
Hi~. .... 41 3:.!"52 - ·05 + ·01 - ·oi + 02 - ·02 3;:·44 40 57'89 
164. .. ··· · · ·H 43 ·32 - ·03 + ·10 - · (l3 + · 02 - ·02 43 ·36 44 0 ·77 
166 ...... 49 2o·s1 - ·05 - ·03 - ·04 1 + ·03 - ·02 20·70 48 46 '03 
167 ........ .. . . 12 00 52'81 - ·02 + ·11 - ·03 + ·05 - ·02 52-901 12 oo 1s ·21 

1 1 

ct= +•· 172 
Cbronometer correction at 111• 29'" = -34•·633±•·011 

E 177 . .. .. . . . . .. . .. 13 07 57·4!) - ·07 + ·07 + ·03 _ -ool- -02 57-44 13 07 23 -001 

178 .. ...... . .... 20 38·20 -- ·12 - -03 + ·04 - ·03 - ·03 38·1)3 20 03·59 
452 ...... ....... 24 1ï ·54 - ·22 - ·24 + ·os - ·o3J- ·05 17 ' 08 2.~ 42 "61 
454 . ... ..... ... 31 04 "62 - · O!) +· 0-1 -r ·03 - ·02-- ·02 04·56 30 30 -12 
180 .... . . .. .. .... 4~ 15-s~ - '06 + ·ou + ·02 ·oo - ·02 l5 ·87 42 41 ·38 

w l1s2 ..... .. . . . 
1 

50 40'71 -· 07 ,- ·09 ' - ·02 + ·01 - ·02 40 ' 70 50 00 · 18 
183 .......... 57 19 ·33 - ·05 +· 131 - ·02 + ·02 - ·01 ]9 ·40 56 44 ·H3 

I"' 
14 02 23 -03 - ·u, -· n - ·05 + ·03 - -03 22 ·69 14 01 48 ' 30 

458 ..... .. ... 06 35 -17 - ·os + ·os - ·03 +· 03 - ·02 35-15 05 60 ' ï3 
459 ........... 09 52- 12 - ·34 - ' 40 - ·11 + ·04 - ·01 51'24 09 16 '76 
190 . ..... . ..... 22 30·53 - · ]3 - ·02 - ·04 + ·061- ·03 30 '37 21 55 -95 

1 

ct= +•· 173 c=+•· o23 
Cbronometer c0rrection nt 13h 45m= - 34•· 451±•· 008 

ci 
0 ._ ._ 

.s ~ 
~t g8 l', 

0 ... 
5 

--
s. S. 

- 3-1 ·68 + ·o 
·GSj . 

5 
00 
1 

00 
5 

· 641+ ·o 
·631 
·5s - ·o 

·62 
'69 
·55 
-59 
' 67 

-· o 1 
6 
8 

+· o 
-· o 
- ·01 
+· o 

·69 + ·o 
4 
G 

- 34 44 - · 01 
·44 - ·01 
·47 + ·02 
·44 - ·01 
·49 + ·0-1 

·52 + ·05 
·47 +· 02 
·3!) - ' 06 
·42 - ·03 
·43 +· 03 
' 42 - 03 



ix REPORT OP THE CHIEF AS1'RONOMER 79 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERV ATIO :rs. 
Station: VANCOl,; \ "ER. D"te, April 24th, 1903. Obsener : ÜTTO KLo·rz. 

h. m. ~- s. s. s. h. m. 8. 1 s. s. 1 r= + ·o9 S. s. 

E 154 .. 10 58 1s ·10 + ·!)2 -·05 - ·021 - ·o!J - ·04 19 ·42 10 57 46 ' 89 - 32 ·53 -t- ' 06 
156 . . ::: : : : : : : : : : 11 O!J 31 ·09 T ·H + ·oo - ·01 - ·os - ·02 21·45 11 08 58·95 ·50 + ·(,3 
15!) ......... . .. .. 13 48 45 +·50 + ·04 - ·01 -·07 - ·02 48'89 13 16 ·3!J ·50 -t- ·Q3 
Hil ........ ... · [ l!! 2() ·3n + ·35 + ·07 - ·01 - ·06 -· ·o:i 26 · ()3 18 54'06 ·57 + ·10 
16ti .... .. ... .... 49 11 ·6() + ·75 - ·02 -·02 - ·Q!! - ·03 18'32 48 46 ' 01 ·:n - '16 

'" 170 ..... ... .... , 12 15 30 ' 85 -t- ·22 + 08 + ·01, + ·02. - ·02 31 ·16 12 14 58·791 ·37 - ·10 
442.. . .. .. .. . " . 21 38. 301 +· H + ·02 + ·01 T ·Q3 - ·Q2 38 ·78 21 06 ·38 ·4(., - ·07 
171. .. .... .. .. . .. 29 55·07 + ·9,i - ·12 + ·031 + ·v41 

- ·0,1 55 ·92 29 23·43 ·49 + ·02 
172... ... . .. .. . 37 13 ·99 + ·22 +· os + ·01 + ·06 - ·01 19-35 36 46 ·95 '40 - ·07 
174 . ....... "" l 51 17 '49 + ·24 + ·os + ·01 + ·011- ·01 17 '8'l 50 45 ·28 ·Go + ·13 
175.. ... . .. .. . .. 52 03 ·59 +· 43 + ·03 +· 01 +·os -· 02 04 ' 12 51 31'62 ·1,0 +· 03 

1451. .. .. . .. .. .. .. 13 13 45'761 + ·45 + ·02 + ·01 + ·10\- ·02 46 '321 13 13 13 ·84 '48 + ·01 

a= +•· uo c= - •·010 
Cbronometer correction at 12h Olm= -32' ·471±• ·020 



80 DEPARTMENT OF THE I NTERIOR 

TRANSIT OBSERVATIONS. 

ix 

5-6 EDWARD VII., A. 1906 

Station : V AKCOU,ER . Date, April 25th, 1903. Observer: Û 'fTO KLOTZ. 

' ..... ,..; g .!: 0 '" 0 
'O i>, ci CJ âfZ 

Transit a.~ 
~ 

._g g 0 .; ~~ 
Star. over n,ean of 

.,_ . ·.;; R. A . 8'" .. 2 .. 'n• - v. 
ci, threads. ~=se "' .ê .. "Ü Cf, g8 .. oO 

~ . ê 1i '" C"' 0 > cr-..... ;g "' " .. " "' <l) p. " .. ~ "'.., 6 ô H <Il 0 :z < rn 
- -------------- -- - -- ·-----------

h. m. S. S. S. S. 
S. 

r= +· 09 S. h. m. s. S. s. 

E 184.. ............ 14 02 19 "94 - · 44 - ·os - ·03 - ·05 - 03 19 -31 14 01 48·30 -31·01 +·07 
190 .............. 22 2ï •l3 - ·32 - ·01 - ·02 - ·02 - ·03 26 "73 21 55·96 30 -77 - ' 17 
192 .... . .. .. . . .. . 28 12 ·37 - ·21 + ·05 - ·01 - ·01 - ·02 12·17 21 41 ·1s 30 -99 + ·05 
194 ..... ....... 36 43-43 -·17 +·m - ·01 ·oo - ·02 43 ·35 36 12-33 31-02 + ·os 

w 197 ........ , ..... 41 54-05 - 18 +· 09 + ·01 +·· 01 - ·01 53-97 41 23 ·04 30·93 - ·01 
198 .... ..... 51 34 ·06 - ·38 - ·19 + ·oc; +· 02 - ·05 33·02 51 02·07 30·9f> +·01 
199 ........ .... .. 58 50-97 - "34 + ·02 + ·02 +· 03 - ·02 50 "68 58 19 ·70 30"98. + ·04 
465 . ........ .. 15 00 50"64 - ·27 + ·o~ + ·01 +· 03 - ·02 50 -43 15 00 19·54 30·89 - 05 
201.. .... . . . .. 12 os · 6 - ·30 + ·05 + ·01 + ·05 - ·02 08·65 11 3'i"70 30·951 + ·01 

a=+•·124 c=-• ·013 
Chronometer con-ection at l4h 37m = - 30• · 943±'' 020 



ix REPORT OF THE CHIEF ASTRONOMER 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

l-itation: VAXCOUVER. Date, April 26th, ·1903. 

.9 0 

1 

.; ... 
I>, 0 

c:: 0 
'O.., .; ~ Transit .,-~ 0 0 ~-~ Star. over meanof 
c5 - . ..c:: -~ ·.; a!$ .., <$ <$ 'O "' 6 threads. ~ ;_~ " .§ ,.. §f 8 .§ 2i ~ 

~ ce ~ c.> o. "' 
,, ,r, ~.., 

5 H ~ _P::._, _ _::_ U1 
------

h. m. S. S. S. S. 
s. 

r=-+ ·10 S. 

E 150 ........... 1 10 27 24-44 - ·22 - -34 + ·03 - ·09 - ·06 23"76 
40 !59"72 - ·011 + ·06 + ·01 - ·07 -·02 59·G3 43l. ............. 

4:12 .. . ........ 44 40"\13 - ·05 +·u +·01 - ·06 - ·02 40·92 
153 .... .......... 56 31-42 - ·111 - ·04 +·01 - ·04 - ·o:i 31-21 
434 ..... 11 00 32·34 - ·051 +·12 + ·01 - ·03 - ·02 32·37 
155 ......... ....• 04 44-39 - ·os + ·02 +·01 -·03 - ·02 44·29 
156 ...... . ...... 09 28·62 - ·06 +·09 +·01 - ·02 - ·02 28·62 

w 438 .............. 32 30 '49 - ·09 +·14 - ·01 +·02 - ·01 30·54 
163 .............. 41 27 ·(i8 - ·21 +·01 - ·01 + ·ot - ·02 2ï ·49 
1()5 .............. 46 10·12 - ·10 +·13 - ·01 + ·o. - ·02 10·16 
lGG .. . ...... 49 15'77 - ·24 - ·03 - ·01 +·05 -·03 15'51 
1G7 .... ...... . 12 00 47-53 -·n +·12 - ·01 + ·07 -·02 47'68 
168 .... . .. .. 08 13'67 - ·GO - ·-12 - ·04 +·os -·07 12 "62 
170 ...... . ...... 15 28 '19 - ·o9 +·14 

1 
- ·01 +·09 - ·01 28 ·31 

a= +•· 179 c= +•·008 
Chronometer correction at llh 20m= -29'·576±•·017 

w 182 .. .. ..... .. 13 50 35-71 - ·19 +·03 + ·04 - ·07 - ·02 35•50 
183 . . . . . . . . . . . . 57 14-34 -·14 +· 04 +·04 - ·06 - ·01 14·21 
458 .... ... . ...... 14 06 30'17 - · 20 + ·02 +·04 - '05 - ·02 29-95 
459 .............. 09 46'88 - ·84 -'11 + ·18 - ·04 - ·07 46'00 
188 .. . · ··•·· 13 13"46 - ·29 ·oo +·05 - ·04 - ·02 13"16 
190 .. ... ........ 22 25-43 - -33 ·oo + 06 - ·02 - ·03 25 -11 
192 .. . . ···•····· 28 10 ·62 - ·13 +·04 + ·04 - ·01 - ·01 10·55 

E 197 ..... 41 52 -32 - ·03 +·04 - 04 +·01 - ·01 52'29 
198 ..... ... 51 31 '79 - 17 - ·07 - -14 +·02 - ·05 31"38 
199 ........ . . :::: 58 49·02 - ·oG +·01 - ·05 +·04 - ·02 48 "94 
465 ...... .. ...... 15 00 48"93 - ·05 + ·02 - '04 +·04 - ·02 48 ·88 
201. ............. 12 07"05 - ·oo +·02 - ·04 +· 06 - ·02 07'01 
202 .............. 21 21 ·04 - ·06 + ·01 - ·05 +·07 - ·02 20 99 

a=+•·049 c= -•·037 

81 

Observer: ÛTTO KLoTz. 

R.A. 

h. m. S. 

10 26 54-29 
40 30 ·1G 
44 11·38 
56 01"48 

11 00 02·72 
04 l4·64 
08 58'93 

32 00•99 
40 57·85 
45 40·G5 
48 45"98 

12 00 18 ·19 
07 43-01 
14 58'78 

13 50 06 ·20 
56 44-94 

14 05 60·74 
09 16'74 
12 44 ' 03 
21 55-97 
27 41 ·19 

41 23 '05 
51 02·08 
58 19-71 

15 00 19-55 
11 37·71 · 
20 51·70 

.; 
0 ... . ~ .,.., 

.., 0 ., "' s 1:: 
00 v. 
.:"' 
0 ,.. 

..c: 
0 --

S. S. 

-29"47 -·n 
·47 -·n 
-54!_-04 
·731+ ·15 
·651+ ·07 
·65 + ·07 
·69( "11 

·55 - ·03 
·64 + ·oo 
·51 
-53 
·49 
·61 
·53 

-29·30 
•27 

- ·o; 
- ·06 
- '09 
+ ·03 
- ·05 

+·o 
+·o 

4 
1 

22 - · 04 
0 
3 
2 
0 

·26 
·13 
·14 
·36 

'24 
·ao 
·23 
·33 
·30 
·29 

·o 
-·1 
-·1 
+ ·1 

-·o 
+·o 
-·o 

2 
4 
3 

+· 07 
4 
3 

+·o 
+ ·o 

Chronometer correction at l.J.h 35m = - 29• · 260±' · 015 

25b-6 



DEPA.RTMENT OF THE INTERIOR ix 

5-6 EDWARD VII. , A. 1906 

TRANSIT OBSERVATIONS. 

Station: l<'ANNING ISLAND. Date, .April 15th, l!f!l3. Observer: F . W. O. WERRY . 

i:i. 
Star. 

~ 
5 

·-

E 149 ..... . .. ... . . 
574 . ....... . ... 
427 ........ . 
p Leonis .. ... : . : 
576 ... ......... 

w , Antlire ..... ... 
d Leonis ... ... 
434. ···· ···· 578 ...... .... .. . 
156 .. .. 
579 . ....... .. •.. 

. . . . . . . . . . . . . 
438 ....... ..... 
164 .. .... ...... 
B Centauri . ... 
.,,. Virginis .. ... . 

E 582 .. ........ .. 
170 ...... .. .... 
584 .. .. . 
585 .. . ....... . .. 
172 .. 
31 Co~~ : : . : : : : 

. ._ 
ti .E o 

>, 0 

" t:>"'° § Transit ,::i·~ ci ci a!- . -& -~ .9 .p 
over meanof - ci~ d 

.., a, . ... R. A. 
i: 't:! '° threads. " 9 A~ ~ O'. ~ e 5 $ .. 
Q) 8 .. 

Q) ., "" 
·.; ce -" 0 .,.., 

~ <11 0 ~ <11 en 
----- -- -----------
b . m. S. s. S. S. 

S. 
r= +· li S. b. m. s. 

10 15 20·14 + ·09 - ·29 - ·53 --· 06 - ·02 1!1·33 10 16 35·07 
20 10·45 + ·09 +· 13 - ·41 - ·o:; - ·02 10·19 21 25·93 
23 12 ·72 + ·10 - ·51 -· 71 - · 0-1 - ·02 11·54 24 27 ·50 
26 :.!8 ·63 + ·09 - ·0-1 - ·40 - ·03 - ·02 28·23 27 4.t'18 
35 14·47 +·09 + ·03 -- ·40 - ·02 - ·02 14'15 36 3r, ·05 

50 57·83 - ·02 + ·29 + ·49 + ·01 - ·02 58"58 52 14·54 
54 18'96 - ·02 ·oo + ·40 + ·02 - ·02 19 "34 55 35 ·10 
5S 45 ·73 - ·02 - ·02 + ·40 + ·02 - ·02 47 ·09 n oo 02 ·82 

11 05 38'98 - ·02 + ·17 +· 43 + ·04 - ·02 39·58 06 i5iH8 
07 42 '83 - ·02 -· 11 + ·42 + ·0-1 - ·02 43 ·14 08 59·04 
13 "J.5·15 - ·02 +· n + ·41 + ·05 - ·02 15·6~ 14 31 ·6-1 

a= +•· 355 c=-•·396 
Cbronometer correction at 10" 45m= + l m 15•·865±'' 021 

ci 
0 ... ·.i; Q) .., 
" "' "' e .. .. 

0 0 

" " 0 .. 
..c 
0 

m. S. 

+ 1 15 ·74 
·74 
·96 
·95 
·90 

'96 
·76 
·73 

V. 

--
S. 

+· 1 3 
:l 

09 
08 
3 

+· 1. 
-
-
-· o 

-· o 
+· 1 
+· 1 

·90 -

9 
1 
-1 
3 
3 
9 

·o· 
·90 - ·o 
•9ü -·o 

- +· +· - -

15'911~ ·10 30 44 '82 - ·03 + ·03 +· 41 - ·05 - ·02 45 ·16 32 01·07 
42 52 · -19 - ·03 - ·10 + ·43 - ·03 - ·02 52 ·74 44 08 ·82 rn·o8 - ·01 

11 21 42·72 - ·03 
26 59 65 03 

·ooi +·,ni 
33 48 

- ·071- ·021 43 ·01/ Jl 22 5!! ·06,+ l 16 ·05' - ·Q4 
06 02 60 35 28 16 38 16 03 02 

45 03·70 - ·03 + ·52 +·58 - •03 - ·03 1 04 ·71 46 20·76 16 ·05 - ·04 
54 40 03 - ·03 - ·OJ +·-n - ·01 - ·01 40 ' 36 M 56 ·:10 15 ·94 + ·o; 

12 03 55·05 - ·05 +· 23 - ·44 + ·01 - ·02 5-1'78 12 05 10 ·63 ] 5·85 + ·16 
13 43 ·35 - ·05 + ·03 - ·41 + ·02 - ·02 42'92 14 58 ·82 15 ·90 + ·n 
2:l 37 ·44 - ·05 +· 17 - ·43 + ·0-1 - ·02 37·15 .l-1 53 14 15 ·99 + ·02 
28 04 · ]3 - ·05 +· 24 - ·44 +· 05 - ·02 03 "91 29 20·04 ]6·13 - ·12 
35 31 · 111 - ' 05. +· 04 - ·41 +· os - ·02 30·80 36 46 "96 16·16 - ·15 
45 45 ·34 - ·05 - ·23 - ·46 +· os - ·02 44 ' 66 47 00·65 l5·9!j + ·02 

a= +•· 495 c= -•· 410 
Chronometer correction at 12h 00'" = + l m 1G•· 005±' '023 



ix REPORT OF THPJ CHIEF ASTRONOMER 83 

SESSI ONAL PAPER No. 25b 

TRANSIT OBSERV ATIO:NS. 

Station: FANKING ISLAND. Date, April 16th, Ul03. Observer: F. \V. O. WERRY. 

.50 
1 

... ... 
>, 0 

" " - ., " ~ Transit 0 0 0 +l 
Star. over mean of ;-;; 11 ~ ·.:; -~ R. A. te 

,,,._ 
...... ::: ~ " ] 

"O ,,, 
tbreads. ... "" ;: . § .,; ... ~ c;-__ ., " 8 ;:! « " " o. "' 'ô « ;::, .,., 

[i ~ <1 0 ~ < rn 
----- - - - - ·-----

h. m. s. s. [ s. s. 
s. r= + ·19 S. h. m. s. 

E y Cancri... . . . . . 8 !JG 22 44 - ·05 + ·04 + ·rn -·14 - ·02 22·46 8 37 41 ' 85 la Mali...... .. . 38 23 ·60 - ·05 - ·10 +· 21 - ·13 - ·02 23. 511 39 43 ·03 
127. .... .. .. . . 3931·65 -· 0G +· 07 + ·20 -·13 - ·02 31 · 71 40 51 · 19 
131. ....... . . . .. 51 53 -09 - ·07 + ·01 + ·1s - ·mi - ·02 53·11 53 12 ·43 
132 .. ... ....... 1 53 02 :~2

1 

- :o~ + : 12 +· 24 - ·09 - -o~ 02 ·79 54 22 ·32 
1133. .. .· .... .. 1 55 42 30 - 0~ + 14 + · 2G i - ·os - ·03 42 "5] 57 01 •99 

\V " C:i.ncr1.. . . . 9 01 11 ·94 - ·02 +· 02 - ·1s1 - ' 06 - ·02 11 ·68 9 02 31 ·18 
HZ. . .. . .. .. . . . 39 03·13 - ·02 + ·05 - ·19 + ·06 - ·02 03 ·01 40 :12 •49 

11-13-........ . 42 48 '51 - 03 +· 23 - ·35 + ·01 - ·06 48 37 44 07 '81 
572 .. ..... .. . ••· 45 03 ·2~1 - ·021 - ·02 - ·1s +· os - ·02 03 ·07 46 22·49 I"' Lecmis .. . . .. 45 57 ·31 = :g~I -r ·0G - ·20 +· 081-· 02157 ·21 47 16 ·62 
423 .. . .. .. . .. .. . 53 47 ·,01 +· 01 -·1s + ·10 - ·02 47 ·5!) 55 07 ·03 

1145. ·· · ··· · ···· 10 00 45 ·00 - ·02 + ·03 - ·19 + ·14 - ·02 44 -94 10 02 0-1·49 

a = -•· ]42 c= +•· 177 
Chr<Jnometer correction at 9h 20m= + l m L9• ·45ü±• ·014 

W(6 .. . . ... . . 10 35 10 ·67 - ·05 - ·021 
- ·25 - ·os - ·02 10·25 10 36 30 ·05 

431. .... ...... 39 10·76 - ·05 + ·14 - ·29 - ·06 .. ·02 10 · -1s 40 30·30 
µ Ari;rO.s .... .... 41 rn ·GS - ·05 - ·31\ - ·38 - ·0G - ·02 18 ·86 42 38 ·63 
577 ............ -13 33 ·14 - ·05 - ·09 - ' 26 - ·05 - ·03 32 ·66 44 52 ·42 
, Antli re .. .. ... . 50 55 ·29 - ·05 - ·21 - ·31 - ·o3 -· 02 ô4· Q7 52 14 ·54 
d L eonis .. . .. .. . 54 15" 84 - ·05 ·oo - ·25 - ·02 - .03 15 ·49 55 35· 10 

E 155 .. .. . · · ····· 11 02 54 44 - ·Ot + ·241 + ·35 + ·01 - ·02 55·01 110414 ·80 
578 . ... . . ..... 05 35 ·52 ·oo - ·rn +· 27 + ·02 - ·03 35· 65 06 55 ·47 
156 ...... .. ..... 07 38· 92 ·oo + ·09 +· 26 + ·02 - ·02 39·27 08 59- 07 
579 .... 13 11 · 7:1 ·oo1 - ·09 +· 25 + ·0-1 - ·02 11 ·91 14 31 ' 63 
1160 . .... .. . .. . 14 50·23 

:ggl 
+ ·01 r~gl + ·04 -· 02 50· 51 16 10·15 

~J.~ ~i_s::: : :: ::1 21 38 ·87 ·oo + ·06 - ·02 39·161 22 59"06 
30 41 ·os ·oo - ·02 + ·25 + ·09 - ·02 41·33 32 01 ·06 

a= -•· 261 c=+•· 246 
Chronometer correction at 11" 00m= + lm 1!)•·770±• ·017 

• 

25b- 6½ 

g ... ·.:; 
~ " "' "' ... 
5 ... 

8 ~•. 0 
§ ... 

..Cl 
0 

-=- ---::- 1 s. 
+119 39!+ ·o 

·52 - 0 
7 
6 
2 
4 
7 
2 

· -is - ·o 
·32 + ·1 
·53 - ·o 
·4s - ·o· 

·5c, - ·o· 
·-is - ·o 

4 
2 
2 
4 
5 
2 
9 

·441+· 0 
· 42 +· o 
·41 
-44 
·55 

+ 1 rn· s1 
·82 
·77 
' 76 
·87 
·61 

·79 
·s 2 
·so 

+· o 
+· o 
-· o 

-
-

+· 
-
+· 

-
-
-

03 
05 
00 
01 
10 
16 

:r ·90 - · 
•73 + · 

02 
05 
03 
05 
13 
13 
04 
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5-6 EDWARD V II., A. 1906 

TRANSIT OBSERVATIONS . • 
Station: FaNNING ISLAND. Date, April 18th, 1903. Observer :'F. W. O. ,v1rnRL 

Sh r. 

E 129 .. .. . . · ·· · ··· 133 . .. . 
KC:mcri. 
134.. . .. 
417 ..... . 

.... 
...... . 

.. 
.. . .. . . 

W p L eonis. .. . . . . 
434 .. .. . . .. . .. 
155 ... .. . .. . .... 
578. 
157 .. . .. .. .. . 

w 579 .. . . . . .. . .. 
lGO ...... . . .. 
164 .. .. . . ...... 
166. .... . . . , . 

E 167 ... .. . . ..... 
582 . ...... .. 
169 . . ... .. ... 
170 . . .. .. . 
585 . . .. . . , . ... . 
p Virginis . . .. .. 

co 1 1 
,..; .. 

'Q.;, 0 
ci 

1 

" s:i Transit -~ -~ ::>...; 
over meanof 

;;- . ..d 
~ ~ ., "' .,.-

"" 'O "' tbreads. - "0 " .s ,.. 
"" ~ O".:: s $ .. 
0"' 

~ a,; p.. "N ~ "' ..0 CJ ... "'., H < 0 ~ < rn 
-------- 1---- -- --

h. m. s. S. 
8. 

8
· 

8
· r =+ ·22 b . 

84,51 ' 09 + ·03 - ·01 + ·30 - ·27 - ·02 51 ·12 
54 35• 90 + ·04 - ·29 +· 43 - ·24 - ·o3 ?.5 ' 81 

9 00 05 '05 + ·03 - ·03 +· 30 - ·22 - ·02 05'11 
06 54 ·40 +· 03 + ·01 + "30 - ·20 - ·02 54·52 
11 09 ·63 +· 03 - ·07 + ·31 - ·18 - ·021 09 ·75 

10 25 18" 42 + ·01 - ·o9 - ·30 +· 09 - ·02 J8· 11 
57 36 ' 9(i + ·01 - ·05 - ·30 + ·21 - ·02 . 36 ·81 

11 01 49 ·68 ·oo - ' 81 - ·42 + ·22 - •03 48 ·61 
04 29 ·01 - ·01 + -42 - ·32 
06 45- 21

1 
- ·o~ - ·20; - · 31 

a,=+•· 280 a , = +•· 875 c=+• ·296 

ci 
0 .. -~ 

2s " Q) t R. A. " a 0 V • 

" 
CJ 

g 
..c:: 
0 

--- - --- -
h. m. s. m. S. s. 
8 50 17 ·40 + 2 2G 28 - · 20 

5 
04 
2 
8-

57 01 ·94 
9 02 31 ·15 

09 20 ·58 
13 35·65 

10 27 44 -14 
1) oo 02 ·80 

04 14 '77 
06 55" 46 
09 11 ·00 

·13 - ·o 
·04 +. 
·oo + ·o 

25 ·90 + ·1 

26 ·03 + ·o 
25 -99 + ·01 

26·13 - ·o 

;; 
9 
5 

·io - ·rn 
·101-·02· 

Chronometer correction at lOh OOm= + 2m 26•· 081±• ·026 

Jl )2 05· 21 - ·02 + ·26 - ·30 - .14 - ·02 04 ' 99 11 14 31 ' 62 + 2 26 ' 63 - ·15 
1344 ·17 - ·03 - -03 - 29 - ·13 - ·02 43 ' 67 16 10 •13 '46 +·02· 
41 ~2 ·07 - •03 - ·16 - ·30 - -03 - · 02 42-43 44 08 ·81 ·38 +· 10 
46 21 ·27 - ·03 - 1 ·07 - ·60 - ·01 - ·04 19 ·G2 4 46 ·10 ·4 ·oo 

1< 57 51 '58 +• Oô - ·07 +· 29 + ·o~ - ·02 51 ·86 12 00 18 ' 23 ·37 +·11 
12 02 43 ·31 + ·011+ ·38 +· 31 + ·04 - ·02 -H ·06 05 10· 62 ·56 - ·os 

08 14 ' 06 +· 05 - 1·23 + -54 +· Oï - ·04 13'45 10 40 ·02 ·57 -·09· 

l\l 31 ' 771 + ·05j+ ·06 +· 29 + ·os - ·02132·23 14 58· 81 ·5iil- ·10 
26 52 ' 71 + ·04 + ·40 + ·311 +· 13 - ·02 ô3"57 29 20 ·03 ' 46 + ·02 
34 34·02 + 05 - ·101 +· 30 + ·16 - ·02 34 · 41 37 00 ·73 ·321+ ·16 

ci= +•· 819 c= + 1 ·290 

Chronometer correction at llh 50m= + 2 n 2•3'· 481±'' 025 



ix REPORT OF THE CHIEF ABTRONOMER 85 

SÈSSIONAL PAPER No. 25b 

TRANSIT OBSTŒV ATlONS. 

Station : FANN!NG lsLAND. Date, April 23rd, 1903. Observer: F. W. 0. WERR'f. 

. ~~ i d ~ ~~ 
1 

1.è! 1 1 § ,..§ 
Trans1t §~ .· ~ ·Ê .9 o.; St: 

.;.. Star. loverme,111 of ~ .;S -:= ~ ~ ~·;;; R. A. 0 o 
E threads. .i :, ~ 8 .S .; ;:: i:: ~ § <> 
= 1 t ~-~ "N 7§ ~ ~ g ~ .É 

_ô_ ------- h. m. s. r· s. : : r=~··17 : ljJ . h. m. s. 

0 

S. 1 S. 

V. 

E À Argl\s ... .. . , 9 03 -10 ·30; ➔ ·06 + ·52

1 

+ ·371 - ·071- 03 41·15 9 04 27 ·23 + 46'08 +· 08 
134............. . 08 34'04 + ·04 + ·01 .,_ ·27 - ·06 - ·02 34'28 09 20 ·50 ·22 - ·06 
417.. .. ... 12 49 36. + ·0-1 - ·14 + ·28 - ·041 - 02 49 ·48 13 35•57 ·o9 + ·01 
136......... ..... 14 24 ' 25 ; + ·04 - ·331 + ·33 - ·04 - ·03 ?.4'22 15 10 ·34 ·· 12 + ·04 
hMali. . . .. . . . 16 26·5G + ·03 +· !J8 +· 30 - 04 -· 02 27·11 1713·34 ·23 -· 07 

W if, Argl\s..... . . .. 26 0 ·21
1 

- ·02 + ·481 - •35 - ·01
1

1
- ·o3]

1 

08 ' 28 26 54 ·42 ·14 + ·02 
419...... .. .. ... . 27 33 ·17 - ·03 - .36 - ·33 - ·01 - '03 32 '41 28 18 ·54 ·13 + ·03 
~~Hydne.. .... .. . 34 54 ·94 - ·051 + ·16 - ·2s + ·01 - ·02

1 
54 ·76 35 40 ·9G ·20 - ·04 

w 

E 

,),2. ... . .. . .. .. . 45 36 ·4!J - ·os + ·011- ·21 + ·04 - ·02 36·25 46 22 •39 ·14 + ·02 
422.. . ... . . ... 51 0l·OO -·07 - ·42 - ·36 + ·0S1- ·03

1 

OO · lSr 5141Hl •23 -· 07 
423.. . . . .. . .... . . 54 21·13 - -09

1 

- -04 •- ·21 + ·os - ·02 20·19 55 00·94 ·15 + ·01 

427 . . . .. . . . 
p Leoni~-.·.: . . . 
576 . . 
µ. Argtis:: : .. :::: 
d Leonis ..... . .. . 

578 .. . . 
167 .. ... . .. ... . 
579 ..... .. . 
lGO .. .... . .... ... 
r Leonis . .. . . . . . . 
5 1 . .. , ··· - ... 

c= +•· 267 
Chronometer correction at 9" 30m= + 46•·157±• ·012 

10 23 42 '451 -·10 - ·92 - '40 - ·os - ·04 40 ' !)1 
26 58 '18 - ·01 - ·os - ·22 - ·07 - ·02 57 ·74 
35 .13·92! - .Oï +· 06 . - ·22 - ·04 - ·02 43·63 
41 fil ·75 - ·07 + ·77 - ·33 - ·02 - ·03 52 ·08 
54 48 ·92 - ·07 - ·01 - ·22 + ·01 - ·02 48'61 

n 06 08 ·52! - ·05 + ·31 + ·24 + ' 04 - ·02 09 04 
08 24 '48 - ·061 - ·16 + ·23 + ·06 - ·02 24 '54 
13 44 ·7')1 - ·05 + ·20 +· 23 + ·07 - ·02 45 ·22 
15 2-3·56 

·061 
- ·03 + ·221 + ·07 - ·02 23-74 

22 12 ·33 - ·06 + ·01[ +· 22 + ·os - ·02 12 "561 
27 29 ·22 -· 05 + ·43 + ·201 +· 11 - ·02 29 '95 

1 

a= +•· 640 
Chronometer correction at 10" 50m= + 46•· 382±' '008 

10 24 27 ·29 +46 ·38 ·oo 
27 44 ' 08 34 + ·04 
36 29 •97 ·34 + ·04 
42 38 '48 '40 - ·02 
55 35· 03 '42 - ·04 

1l 06 55 ·41 ·wr + ·01 
09 10·97 "43 - ·05 
11 31 "58 ·36 + ·02 
1610'09 •35 + ·03 
22 59 ·00 ·4-!1-· 06 
28 16 "31 ·36 + ·02 



86 DEPARTMENT OF THE INTERIOR 

TRANSIT OBSERVATIONS. 

ix 

5-6 EDWARD VII., A. 1906 

Station: FANNING ISLAND. Date, April 26th, 1903 Observer : F. W . O. ,VERRY • 

ci. 
Star. 

!1----
E h, Mali .. . ....... 

140 .............. 
419 ........ .. 
142 .. ··········' 572 . ...... 
µ Leonis ... : : : : : : 

w 423 . ....... ...... 
145 . .. .. ...... 
573 .. 
q Ve!~~~~.:: :::: 
149 . ........... . 
434 .............. 
155. ········ . . . 

w 157 .. . .. ...... 
579 .. ....... .. . . 
160 .............. 
r Leonis .. .... 
581. ..... .. . . . .. 
438 .. ..... ..... 

E 163 .............. 
B Centauri ...... 
1r Virginis .. .. ... 
167 .. . ... . .. 
16!l .... . . 
1170 . .. .. .. . : :: . 

.. 

. èo j · ..: ... 
~ . 8 

"Cl.., s:l .j ... Transit .,.,... . .!2 
0~ 

over mean of ce"; en :S ~ Rate. .,. ,... R. A. 
tbreads. ~ ::, ~ § -~ 1: "Cl "' ,: s:l 

6l 0 ~ > a.,.. . ~ gz Il) CD 0.. N 0 ~ -;:.-s-.-1~ ~ ~ r= ! .: 
rn -----

S. h. m. s. 
9 16 14 ' 08 - ·10 + ·25 + ·20 - ·14 - ·02 14·27 9 17 13·28 

25 25·34 - ·10 - ·56 +·29 - ·12 - ·o3 24 ' 82 26 23 ·92 
27 19·78 - ·11 - ·31 +·23 - ·12 - ·o3 19·44 28 18'49 
39 23·43 - ·12 - ·17 + ·20 - ·os - ·02 23 ·24 40 22·33 
45 23·30 - ·10 +·06 + ·18 -·07 -· 02 23·35 46 22·35 
4617·71 - ·10 -·20 +· 20 - ·06 - ·02 17·53 47 16 ' 46 

54 08·16 - ·09 - ·04 - '18 - ·04 - ·02 07 ·79 55 06·9t 
10 01 05 ' 81 - ·09 - ·ll - ·19 - '03,- ·02 05"37 10 02 04'34 

04 54·41 -·09 +· 13 - ·1s - ·02 - ·02 54•23 05 53·28 
09 42'70 - · 09 + · 44 - ·24 ·oo - ·os 42'78 10 41 '86 
15 36'46 - ·09 - ·3ll - ·24 + ·01 1- ·os 35-73 16 34'86 
59 03·911 - ·03 - ·031 - ·18 +· 13 -·02 03 '78 11 CIO 02·73 

11 03 16·29 - ·03 - •43 - ·2-51 + ·14 - ·03 15'69 04 14'64 
1 

a= +•·459 r.= +•· ]80 
Chronometer correction ·at lOh l0m= +59'· 034±•· 015 

110812·13 - ·02 - ·131 - ·24 - ·os - ·02 ll'64 ll 09 10·94 
13 32"42 - ·02 +· 19 - ·24 - ·07 - ·02 32'26 14 31 ·55 
15 n·os - ·02 - ·02 - ·23 - '06 - ·02 10·73 16 10·06 
22 00·06 - ·01 + ·01 - ·23 - ·04 - ·02 59 77 22 56·97 
27 16·87 - ·01 + ·39 - ·27 - ·04 - ·02 16·92 28 16'28 
31 01'96 - ·01 + ·041 - ·23 - ·03 - ·02 01·71 32 00·99 

39 53·79 + ·02 - '61 + ·35 ·oo - ·03 58·52 40 57 ·&5 
45 20·42 + ·02 + ·60 + ·33 + ·02 - ·03 21 ' 3û 46 20·M 
54 56'83 + ·02 - ·03 +· 23 + ·04 -· 02 57·07 55 56'26 
59 l!l ·71 + ·011 - ·051 +· 23 + ·05,- ·02 1s ·931 12 oo 1s ·19 

12 09 40 '96 + ·02 - '87 + ·43 + ·os - ·04 40 '58 10 39 ·89 
13 59·14 +· 01 + ·04 + ·23 + ·09 - ·02 59·49 14 58'78 

a=+•·579 c= +• 231 
Chronometer correction at 11 h 40m = + 59' · 278±' · 012 

... i 
¾al 
e~ 'Il. 00 
s:l" g 

..c: 
0 

--
S. S. 

+59·01 +·02 
59·10 -·Oï 
59·05 - ·02 
59·09 - ·06 
59. liO + ·03 
58·93 +·10 

59· 12 - 09 
58 97 +· 06 
59·05 - ·02 
59·08 - ·o5 
59·13 - ·10 
58 ·95 + ·os 
5s·95i + ·os 

+59·3°'- · 
·29 - . 
·33 - · 
·20 +· 
'36 - · 
·28 

·33 _. 
·20 +· 
·]9 +-
·26 +· 

02 
01 
05 
08' 
08 
00 

05 
08 
09 
02 

·3J ·o 3 
1 ·29 -·o 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

tation : F ANSING ISLAND. Date, June 2nd, 1903. Observer: F. W. O. WERnv. 

1 

-~ ,.; ·= 0 ... 
0 :>, ,:: " .,,..., ,:: ~ 'frnnsit ::: •- -~ ..ci ] 0_.; 

Star. over meanof ~- . .. 17.1,,-; R. .A. .. tJ 'i, s "O"' 

8 threade. - ~ C .§ <= A 
~ 0-.~ E $ ... - "' $ ~ ... 

" Cl)Cl):;l. .N 0 .. ~~ 
6 >-< < 0 P:l ~ r:n - ------------------ ---------

h. m. S. 8. S. 
8. 

1 h. m. s. S. r=+·IO s. 

E 179 .. ...... 13 30 01·,7 - ·05 +· 03 +· 10 - ·os - ·02 01 ·75 13 29 47 ·2s 
111 Virginis .. : . : : . 36 47·!)8 - ·05 + ·10 + ·10 - ·07 - ·02 4 ·04 36 33·68 
180 ............. 42 55-97 -· 05 - ·12 + ·10 - ·05 - ·02 55·83 42 41-20 
5 8 . . ............ 44 52 ·881 - ·05 +· 1s + ·10 - ·05 - ·02 53-04 44 38·65 
182.. ... ······· 50 20 ·75 - ·05 - -13 + ·10 - ·04 - ·02 20·61 50 06 '12 
457 . ... . .. .. 57 03 -43 - ' 01\ - ·22 +· n - -03 - ·02 03 ' 22 56 43-75 

w 
1

rn2 ........... 14 27 56 ·os - ·14 - ·25 -· n +· 02 - ·02 55-53 14 27 41 -19 
l!l6 ............. 38 14'07 - -13 +· os - ·10 + ·04 - ·02 13 -94 37 59 -43 

15!)0 ............ 45 48 ·1(' - -13 +· 17 - · 10 +· 05 - ·02 48'07 45 33 -53 
403 .. ...... . .. 51 55 -52 - -14 - ·09 - ·10 + ·06 - ·02 55-231 51 40·93 
199 .. .. .. ... . .... 58 34-74 - ·14 - ·38 - ·14 + ·07 - ·03 34 · 12 58 19 ' 78 

1465 ..... .•. ... ... 15 00 34 -34 - ·14 - ·21 - ·n + ·os - ·02 33 -941 15 00 19 ·69 

a= +• ·4i6 c= +• ·096 
Chronometer correction at 14" 15m = - 14• · 4 l!J±' · 020 

W 592 ........... .. . 
466 ... .......... . 
201....... . . .. 

15 06 58·871 - -13 + ·33 - ·12 - ·07 - ·02 58·8G 15 06 44'48 
10 3!) ·26 - ·13 - ·02 -·11 - ·06 - ·02 38 ·92 10 24·63 
1L 53 -05 - -13 - '48 - · !3 - 06 - ·02 52·23 11 37·88 

-y Lupi ...... . .. . 

1

5~3 ............. . 

E 221.. .... ...... ·. 
_222 . . ........... . 
223...... .. ... 
225.. ... .. .. .. 
473.. . ....... . 
>.. Ophiuchi ..... . . 
230...... .. .. 

28 58·23 - -13 + ·74 - ·14 - -03 - -03 58'64 28 44-37 
30 23 -271 - -13 + ·25 - ·11 - -03 - ·02 23-23 30 08·90 

16 06 00·21 - ·07 -· 75 +· [5 + -03 - ·oa 59-54 16 05 45-29 
09 /!2 ·6!) - ·06 + ·10 +· n t- -03 - ·02 32·85 09 18 ·51 
13 2s ·2s -· 06 + ·12 +· 11 + ·04 - ·02 23-47 13 14 -11 
17 55"461 - ·06 - ·22 +· 12 + ·05 - ·02 55-33 17 41 -01 
2l 13 -35 - ·OG - ·14 +· n + 06 - ·02 13 -30 20 58"96 
26 18 ·25 - ·06 +· 02 +· n + ·06 - ·02 18 ' 36 26 04 ' 02 
31 1,; ·01 - ·01, - ·68 + ·15 + •Oï - -03 15" 46 31 01 ·09 

-
a= +•• ï96 c=+•· l09 

Chronometer corràCtion at 15" 48'" = - 14' '330±'' 009 

i::i 
0 a,·~ 

..., " <D.,, 
s t:: v . oo 

"" 0 ... 
..A 
0 
--· --

B. S. 

-14'47 + ·05 
·36 - ·06 
-54 + ·12 
-39 - -03 
-49 +· 07 
·47 j + -05 

-39 - ·o 3 
4 
2: 
2: 

·46 + ·o 
·54 + ·1 
-30 - ·1 
-34 - ·os 
·25 - ·17 

- 14 "38 + -05-
-29 -· 04 
-35 +· 02 
· 27 - ·06 
-33 ·oo 
·2'> - ·os 
-34 + ·01 
·36 + ·03 
·32 - ·01 
-34 + ·01 
34 + ·01 

-37 + ·04 



88 Dl!)PA.RTMFJNT OF THE INTERIOR 

TRANSIT OBSERVATIONS. 

ix 

5-6 EDWARD VII., A. 1906 

Station: FANNIKO ISLA.ND. Date, June 3rd, 1903. Observer: F. W. 0. WERRY • 

. eo 
:,.. 

Star. 

"O., 
Transit ~:.:: . 

over mean or d ~ ~ 
threa.ds. - " 0 

" ~ cr.;: . .;jj§ ., ., p. 
H 

R. A. 

- -----------------------r---------

E 179 . 
m V~gi~~:: : : : : 
180 .... .. .. ... . . 

• 588 ..... .. ...... 
182 ..... . . .... .. 
457 ..... 
1r Hydrœ . .'.: · .: . 

w 186. ........ .. 
188 . .... . ....... 
191 .. .. . .... .. . 
192 ............. 
196 .. ...... .. , 
•• Bootis . . 
463 ..... . . ...... 

w 199 . . . ....... ... 
465 .... ... ...... 
592 ..... ... ..... 
201. 
o" Lib;~·.-.-.::::: 

E 468 . ... . ... . . . .. 
469 .... . ........ 
210 . . . .. ...... . 
211 . ··· · ·· · · · · 
213 ......... , ... 
215 ... ...... 

h. m. 8. s. s. 8. 

13 29 5!) ·75 + ·01 +· 05 + ·12 
36 46'0-I +· 01 +· 14 + ·12 
42 53·82 + ·01 - ·16 + ·13 
44 50"78 + ·01 +·25 +·13 
50 18·68 + ·01 - ·18 +· 13 
57 01'46 + ·01 - ·30 +· 14 

14 01 05"62 + ·01 4- · 36 +: 14 

11 10·77 - ·04 + ·10 - ·12 
12 57"15 - ·05 - ·64 - ·18 
23 27·39 - ·04 + ·os -·12 
27 54 -11 - ·05 - '31 - ·14 
38 11•95 - ·04 + ·10 - ·12 
41 00 ·34 - ·05 - ·29 - ·13 
51 53'68 - ·05 - ·12 - ·13 

a=+• ·649 

S. 
r=+·lO S. 

- ·07 - ·02 59"84 
- ·06 - ·02 46·231 
- ·05 - ·02 53-73 
- -04 - ·02 o1·11 
- ·o3 :- ·02 18·59 
- ·02 - ·02 01-27 
- ·01 - ·02 06 ·10 

·oo - ·02 10·69 
·oo - ·03 56'25 

+· 02 - ·02 27 •29 
+· 03 - ·02 53-59 
+ ·05 - ·021 11 ·92 
+. 05 - ·02 59·90 
+ ·07 - ·02 53-43 

c=+•·121 
Chronometer correction a.t 14h 10"'= - 12' '484±•·013 

14 58 32·771 - ·05 - -52 - ·o5 - ·041- ·03 32'08 
15 00 32"58 - ·05 - '30 - '05 - ·03 - ·02 32·13 

06 55· 74 - ·04 + ·28 - ·04 - ·02 - ·02 56·90 
11 50-30 - ·05 - ·39 - ·05 - ·011- ·03 50-27 
17 52·30 - -04 + ·22 - ·04 ·()() - ·02 52 ' 42 

21 32·36 + ·02 - ·14 +·04 -ool- ·02 :,z·26 
34 35 "88 + ·02 - ·53 +· 05 + ·02 -·03 35-41 
35 58·(i5 + ·02 - •45 +· 05 + ·03 - -o~ 58 "27 
38 55-19 + ·02 = :i~, + ·05 + ·o:i - ·02 55-05 
41 57 •59[ +·02 + ·04 +· 04 - ·02 57 -53 
44 3;-·40 + ·02 - ·17 + ·05 +· 04 - ·02 sn:.:1 

a= + •·656 c=+•·043 
Chronometer correction a t 15" 19"' = - 12' · 377 ±' · 011 

b. m. 8. 

13 29 47-27 
36 33 "67 
42 41-29 
44 38·65 
50 06·.1.2 
56 48'74 

14 00 53·74 

10 58"15 
12 43-84 
23 14 '78 
27 41 -19 
37 59•47 
40 47-34 
51 40 -921 

14 58 rn·18I 
15 00 19 ·68 

06 44'48 
11 37 '87 
17 40 ' 08 

21 l!J ·941 
34 2i·99 
35 45·901 
38 42"621 41 45'18 
44 24 ·92 

S. S. 

- 12 ·57 + · 09 
8 
4 
2 
1 
5 
2 

·56 + ·o 
-44 - ·o 
·45 - ·o 
·47 - ·o 
·53 + ·o 
·36 - 1 

·541+ · 
·41 - ·o 

06 
7 
3 
8 
3 

· 51 +· o 
·40 -·O 
·45 -·o 
·56 
.51 

+· 08 
3 +· o 

- 12 ·30 - ·o 
·451+ ·07 
·-12 +· 04 
·-10!+ ·o 2 
-34· - ·04 

•32\- ·o · 
-42 -· o 

(j 

4 
1 
0 
3 
2 

-37 - ·o 
' 43 T •o-
·35 - ·o 
·40 + ·o 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : F ANNŒO I SL AND. Date, June 8th, 1903. Gbsnver : F. W . O. WRRRL 

"' 
Star. 

s 
d 

5 
_ , 

1 

E 182 . ...... . .... . 
457 .. . . . . 
458 . ... ....... 
186 .. 
188 ...... . .... . . 
134 . ....... . . 

W 463 ...... . .... 
199 . . .... .. . . ... 
465 . . .. ... ...... 
592 ..... . 
1466 ......... •· .. 
1201 ........ .... 
o• Librœ . . . .. .. 

1 

w 202 .. . ......... . 
11 Librre .. ..... . 
206 .. ... ... ... .. 
207 ........ . .. 
593 .. .. ... .. . . . : 
469 . ..... .. .• . . 
213 . . . . ' . . . . . . . 

E <T Scorpii . .. ..... 
225 .. . ... . . ..... 
473 . ...... . .. . .. 
227 .... 
T ScorpiC · : : : : : 
597 . ............ 

- -- ---
.5 0 

,.. ,.. 
>, 0 

l'i " '"O., l'i -Transit i::·-

~ -~ 0 0.; 
o,er meanof .. - . -~ R. A. '6!J '6 ~-~ thren.ds. ::i s - "0 ~ 

,.. 
~ O".;: .s ;5 i ,.. 

- '6 
1l 0 ,.. 

"' "' p. " 0 '6 al +> 
...:l < 0 p:: ~ rn 

--- -----------
h. m. S. S. S. s. S. 

r= +·10 S. h. m. s. 

13 50 10 ·01 + ·02 - ·10 + ·02 - ·07 - ·02 09 ·86 13 50 06·08 
56 52·72 + ·02 - ·17 +· 02 - ·06 - ·02 52· 51 56 48 ·70 

14 06 04·80 + ·03 - ·15 + ·02 - ·04 - ·02 04·64 14 05 60·65 
11 01· 97 + ·03 +· 06 + ·02 -·03 - ·02 02 ·03 10 58·13 
12 48·09 + ·03 - ·36 + ·02 - ·03 - ·03 47 ·72 12 43 ·7s 
36 16·2G + ·03 - ·os + ·02 +· 01 - ·02 16 "22 36 12 "40 

51 44·77 - ·01 - ·07 - ·02 +· 03 - ·02 44 ·68 51 40 ·92 
58 23 ·92 - ·01 - ·29 - ·02 +· 05 - ·02 23 ·63 58 19 -75 

15 00 23·64 - ·01 - ·17 - ·02 +· 05 - ·03 23·46 15 00 19 "67 
06 48·14 - ·01 + ·15 - ·02 + ·06 - ·02 48 "30 06 44 ·50 
10 28·54 ·oo - ·01 -· 02 +· 07 - ·02 28· 56 10 2-J,62 
11 42·12 ·oo - ·22 - ·02 +· 07 - ·03 41 "92 11 37·86 
17 43-75 ·oo + ·12 - ·02 +· os - ·02 43· 91 17 40·07 

a=+•·3GS 0=+•· 015 
Chronometer correction ·at 14h 30m = - 3• · 866± 1 • 021 

15 20 55·97 + ·06 - ·34 - ·03 - ·06 - ·03 55 ·57 15 20 51 ·87 
22 53-75 + ·06 + ·18 -·03 - ·06 - ·02 53·88 22 50 ·11 
27 33·]6 +· 06 - ·39 - ·03 - ·04 - ·03 32·73 27 29 "04 
28 25 -19 +· 06 - -39 - ·03 - ·04 - ·02 24 ·77 28 21·15 
30 12 ·60 +· os + ·IG - ·o3 - ·03 - ·02 12 ·74 30 08 "93 
34 21 ·07 +· 06 - ·39 - ·03 - ·o31

- ·02 26 ·68 34 23·00 
41 49 ·02 +· 06 - ·10 - ·03 - ·021- ·02 48" 91 41 45 ·19 

16 16 24 "13 +· 10 +· 26 + 03 + ·04 - 02 24·64 16 15 20·87 
17 44 ·fs8 + ·09 - -14 + ·03 + ·04 - ·02 44 '88 17 41 ' 06 
21 02·G2 + ·09 - ·09 +· 03 + ·051 _ ·02 02 ·68 20 58 "95 
26 07 ·70 + ·09 + ·01 +· 03 + ·o61- ·02 07 "87 26 04·06 
29 57·09 +· 10 + ·29 + ·03 +· 06 -· 02 57-55 29 54 ·05 
31 55·-10 + ·09 + ·12 + ·03 + ·07 - ·02 55 ·69 31 52·00 

a= +•· 488 c= +•· 026 
Chronometer co1Tection at 15h 50"' = - 3•· 706±•· 018 

-
g 1 

~-~ 
O"'° 1 ., " ., 9' 
8,: 
oO ~-. 
" " 0 ,.. 
5 1 

------
s. 1 s. 

- 03·78 - •09 
·81 - '06 
·99 + 12 
•90 + ·o3 
-94 + ·07 
·s2 - ·05 

·761- ·n 
·88 + ·01 
·79 - ·OB 
·801- ·01 
·94 + ·07 

04 ·061 + · 19 
o3 ·84 - ·o::i 

- 03 "70 
·77 
·69 
·62 
"81 
·66 
·72 

'67 
·83 
·73 
·s1 
-50 
·69 

- ·o 1 
; + ·Oi 

-· o 
- ·o 
+ ·1 

2 
9 
0 
5 
1 

-·o 
+ ·o 

-·O } +· 1 
+ ·o 
+· 1 
-· ~ 

2 
0 
l 
2 -· o 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: FANNING ISLAND. Da.te, June 9th, 1903. Observer: F. \ V. O. W ERRY . 

Star . 
::,. 

E 
<Il 

ô 
- ------

E 458 ............. 
188. ··········· 192. 
194 .. :::::.::::: 
463 . .... . ..... 

w 5!J2 . . .. ... ····· 
46H ............. 
2()1. .. ... 
202 ............ 
205 ...... ... . ... 
215 . ..... .. 
21L . .......... 

W 219 ........... . 
595 ............ . 
221. ........... . 
222 ......... .. 
,r Scorpii ... . ... . 
225 . ........ ... . 

E J231. .. .. . ... . 
232 . . ... . 
< Scorpii .... . ... . 

1

478 .. " ... . ... ·1 
2l!S . ......... . 

·- ... 
-~ 0 ... 

0 
"O >, è " 

Tra.neit =-~ .Q ci -0 o..; 
over mea.n of o1-. ,fi d ·z R.A . e1"' ~•;j 

threads. "a;:, ô " s el ... ,:: ,:: 
> at.;:'.:. .§ ::3 Ji ... 0., 
Q) <P .i $ " .. ,.. 

8 el "'., ..:l <11 ~ <11 rn 
------ - - -- ----- - - ----

h. m. s. s. s. S. 
S. 

S. h. m . s. r= + ·oo 
14 06 03·32J +· 07 - ·21 + ·10 - ·05 - ·02 03·21 14 06 00·64 

12 46'74 +· os - ·51 + ·12 - 04 - ·03 46 '36 12 43·76 
ri 43·s1 + ·12 - ·'J:i + ·10 - -03 - ·02 43·71 27 41· 13 
36 14'99 + ·12 - ·12 + ·09 -·021-·02 15 ' 04 36 12·40 
51 43·41 + ·12 - ·10 +· 09 - ·01 - ·02 43-49 51 40-92 

15 Otl 46·84 + ·oo +· 22 - ·O!J +· 01 - ·02 47 ·02 15 06 44·50 
10 27 -30 + ·10 - ·01 - ·09 +· 01 - ·02 27·29 10 24·62 
11 40 85 + ·10 - -31 - ·10 + ·01 - ·o:i 40 '52 11 37·85 -2() 5-J:79 +· 111 - -3,3 -·n +·02-·03 54·42 20 51 '87 
23 54-39 +· 11 - ·26 - ·10 + ·02 - ·02 54'64 23 52·15 
44 27·74 

+ ·121 - ·14 - ·09 + ·04 - ·02 27·65 44 24'93 
52 03"57 + ·12 -·11 -·09 +·05 - ·02 03 '52 52 00'96 

(t=+•·518 c=+•·oss 
Chronometer correction a.t ljh oom = - 2' · 589±' · 015 

15 53 39 ·59 
5() 53·0, 

16 05 48 '14 
09 21 ·oo 
15 23 ·02 
17 43 ·55 

37 42'82 
39 39·51 
43 58•2ô 
47 44 •99 
53 09 ' 661 

+· 13 
+ ·13 
+ '14 
+ ·13 
+ ·13 
+ '13 

+ ' ]6 
+ ·16 
+·15I 
+ . Hi 
+ ·15 

- -24 
+ ·23 
-·5[ 
+ ·07 
+ ·29 
- ·15 

- ·30 
- ·40 
+· 41 
-· lJ 
- ·05 

- '06 
- ·05 
-·07 
- ·05 
- ·05 
- ·05 

+ ·06 
+ ·oo 
+·oo 
+ '05 
+ ·05 

r=\ ·07 1 1 
- ·03 - ·02 39,l7 15 53 36·75 
- ·03 - ·02. 53 ·33 59 50·89 
- ·01 - ·031 47'66 16 05 45·26 
- ·01 - ·02 21·12 0() 18 "55 

·oo - ·02 23-37 15 2o·s1 
·oo - ·02' 43·45 11 41 ·05 

+ ·02 _ ·02l 42 ·74 37 40·34 
+ ·02 - ·03 39·32 39 36·79 
+ ·o3 - ·031 68·8, -t3 r-s·-15 
+ ·03 - ·02 45 ·10 47 42 '54 
+ ·04 - ·021 0()·83 53 07 ·31 

,:: 
C 

~-~ 
"' ... s ... 
g8 v. 

2 
.c 
0 ---- ---

S. S. 

-02·57 -·02 
·60 + ·01 
·56 - ·OlJ 
· 64 + ·Of> 
-57 -·02 

-52 - ·07 
·67 +·08 
·67 +·os 
·55 - ·04 
·4() - ·10 
·12 + ·13 
·56 -·03 

-02'62 + ·13 
·44 - ·05 
'40 - ' 09 
-57 + ·o 
-50 + ·01 
'41 - ·08 

·40 - ·o~ 
·53 + ·04 
·-12 - ·07 
·56 + ·07 
·52 + ·03 

--------'-------'----------'-----
a= +•·545 c= +•· 050 

Chronometer correction at 16h 2()m= -2- ·4 7±'"019 
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SESSION AL PAPER No. 25b 

TRANSI T OBSERVATIONS. 

Station : F A..'1:SING ISLAND. Date, June 10th, 1903. Observer: F. ,v. O. W1mRY. 

.é'ô 1 1 ~ )l 
. "t1~ ~ ci ~ ~g 

Trans1t c:.... . .2 o o . e., ... 

overmeanof ~~j ~ é ~ ~-~ R A. S 8 v. 
threads ~ "' e ô 13 · ;- c: <= 1 <= ' a:i O"~ ~ .... <P .... OS 0 

~ œ ·s_ .N ~ ~ -D g ~ _2: 
_______ ,. ____ ,H ___ I < o ~ _ < en ·----- o_,__ . 

Star. 

1 h . m . s. s. s. s. 1 r=\.07 ~. h . m. s . s. 1 s. 
E 458 ...... . .... 14 06 01·sG +· 01 -·20 +·w, -·oo -·02 01 ·74 14 06 oo·63 - 01·11 + ·10 

1s5 0î 46·62 + ·06 + ·11 + ·os - ·u6 - ·02 46·79 01 45·80 00·99 - ·02 

188.. ... .... .... 12 45 .oo + ·os - ·4s -1--· 12 - ·05 - ·031 44·,o 12 43·ï5 oo ·9,i:- ·06 

1
186:::::.::::::: 105n ·o6 -"- '07 + os +· os - ·o51-·œ11 50·22 105s·1u 01·12'+ ·11 

192. 2ï 42 ·33 + ·01 - ·26 + ·09 - ·04 - ·02 42·17 27 41 ·141 01 ·0:-i + ·02 
rn4..... .. .. .... 116 13 ·321 + ·01 - ·11 + ·os - ·02 - ·02 13·32 36 12·401 00 ·921- ·o9 
196 . .. .. .. . . . . . 38 00·22

1 

+ ·01 + ·os + ·os! - ·02 - ·021 00 ·41 37 5!J-46 00·95 - ·06 

w 212 ...... .... • ... 15 39 33·11 +· 01 -· 02
1 

- ·os +·05 -- ·02 33·05 15 39 32·031 ~1 ·02
1
+· 01 

213.. . . . 41 4r,·31 + ·01 - ·10 - ·os + ·05 - ·02 46·17 41 45 ·19 oo ·9s - •03 
215 ...... - .... 44 26·151 +· 01 -·13 -·os1 +·05 ...,.· 02 25·98 44 24 ·93I 01 ·05;+·04 
216...... .... . 46 O:l'iH +· 01 ·oo -·os +· 05 -·02 02·w 46 01 ·50 01:001- :01 
218... . . . .. . . . 52 02 12 + 011 - 11 - 08j + 06 - 02 01 98 52 00 96 01 021+ 01 

a= +•· 4\H c= +•· OSO 
Ch ronomPter correction at 15h 00"' = - 1 • · 011±' · 013 

w 1595.· .... .. . . ... 

1 

15 59 51·69 + ·01 + ·33 
1223 .... . .. .. .... 16 13 15 ·17 ·oo + ·12 

- ·o31- ·02 - ·09 
- ·os - ·02 - ·02 

51 · s9[ 15 59 5o · sg 
15·17 16 13 14 · ]6 

- 01 ·o°' + ·1 
01 ·01 + ·1 

0 
1 
7 
3 
3 
7 

<T Scorpii .... .. 
225 ....... ...... 
596 ........ 
228. ··• ...... 

E 5!J7 ............. 
231. . . . . . . . . . . 
478 ...... ... .. . 
233 ........ .... . 
234. · ········· · 

15 21·41 ·oo +· 42 - ·oo - ·01 - ·02 21 ·71 
17 42 ' 271 - ·01 - ·22 - ·09 - ·ot - ·02 .n·92 
23 31 ·49 - ·02 + ·44 - ·09 - ·01 -· 021 31 ·79 
26 06 80 - ·02 - ·26 - ·09 ·oo - ·02 06·41 

31 52·57 +· 05I +· 20 +· os ·oo - ·02 62·88 
37 41 ·58 + ·06 - ·43 + ·10 + ·01 - ·021 .n·30 
47 43'46 

+· 001 
- ·]6 + ·09 + ·02 - ·02 43 ·45 

53 os·101 + ·06 - ·os + ·os + 02 - ·02 08·16 
56 38·44 +· 07 - ·42 + ·10 + ·o~ - ·021 3S ·lfJ 

et= +•· 787 ~= +•· 083 
Cbronometer correction at 16h 30m= -0'·896±'' 014 

15 20 ·8s 
17 41 ·05 
23 30·92 
26 05·f18 

31 52· 01 
37 4ff·35 
47 42 ·54. 
53 07·32 
56 37·31 

oo ·s3 - ·o 
oo·s1 - ·o 
oo·s11- ·o 
oo ·83 - ·o 

oo ·s7 - ·o 
00·95 + ·o 
00 ·91 + ·o 
oo ·s4\- ·o 

3 
5 
1 
6 
2 oo·ss - ·o 

1 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 
Station: FANNING I SLAND. Date, June 15th, 1903. Observer: F. W . O. WERRï. 

~ 
Star. 

o'! 

6 
- -----

E 457 ............. 
.,,. Hydrre .... . . 
1815 ......... .. 
188 ....... ...... 
192 ......... .. . . 
196. ...... 
•• Boi-itis, ····· 

w 463 ......... . .. . 
199 ..... .. 
465 .... . ....... 
2"22 .. 
223 .. . :::::: .... 
<, Scorpii . . .... . 
225 ..... . ...... 

w 1228 ........... . 
r Scorpii ..... . 
597. .. . .. .. .. 
231 .. .. 
232 . . ......... . 
• Scorpii ..... . 
30 Ophiuchi .. . . 

E 237 ............. 
239 ....... . .. 
<, Ophiucbi ..... 
241. ...... .. ... 
600 ....... .... 
2-1 5 .... . . .... . . 

·~ t .s 0 
>, 0 

::i " "O ~ 
Transit s= ., .- 0 

over meanof .. - . ..è ·,:; -~ O..,; 
o! !l .., o! 

,,,._ 
threads. ;:l j 

o'! "O :!; 
- ;:l 0 .§ li 

... " -~ 04.~ 

.... 0 o'! 
o,a>"-, " 0 o'! Jl ~~ 
H < 0 O:i < 00 ---------- ---· --- --

h . m. S. S. S. s. S. 
r= + ·015 S. 

13 56 42·37 - ·05 - ·30 + ·04 - ·02 - ·02 42 02 
14 00 46•73 - ·05 +· 36 +· o-t - ·02 - · 02 47 '0-I 

07 38·99 - ·Of> + ·16 +· 04 - ·02 - ·02 39 '10 
12 37'61 - ·02 - "64 + ·06 - ·02 - ·03 36 "96 
27 3-1'76 + ·01 - ·34 +· 05 - ·01 - ·02 34 ·45 
37 52·49 + ·03 + ·10 +· 04 - ·01 - ·02 52 ·63 
40 40·75 + ·03 -· 20 + ·04 - ·01 - ·02 40 "50 

51 3! ·32 - ·02 - ·12 - ' 04 00 - ·02 34·12 
58 13 G2 - ·02 - ·51 - ·05 ·oo - ·03 13·01 

15 00 13·32 - ·02 - ·29 - ·04 ·oo - ·02 12·95 
16 09 11'84 - ·02 + ·os - ·04 ·oo - ·02 11· 84 

13 07·57 - ·02 + ·10 - ·04 + ·01 - ·02 07·60 
15 ] 3"89 - ·02 + ·35 - '04 +· 02 - ·02 14 ·18 
17 34'65 - ·02 - ·18 - '04 + ·02 - ·02 34·41 

c= +• ·039 
Chronometer correction at 15h 10m= + 6•·689±•· 015 

16 25 59-25 
211 ~7 ·01 
31 45·31 
37 34'04 
39 30'70 
43 49 ' 26 
55 62·82 

17 10 09"54 
11 36·32 
21 38'06 
30 21·% 
31 57·971 
38 36·791 

+ ·os 
+ ·07 
+ ·06 
+ ·07 
+ ·01 
+· 06 
+ ·06 

+ ·09 
+ ·09 
+ 09 
+ ·09 
+ ·O!J 
+· 0!) 

- ·24 
+ ' 44 
+ ·1s 
- ·40 
- ·54 
+ ·55 
+· 10 

- ·]4 
- ·50 

·oo 
-· 11 
+ ·25 
- ·01 

- ·09 
- · JO 
- ·09 
- ·10 
-· 11 
- ·10 
- ·09 

+· 09 
+ ·11 
+· 09 
+ ·o9l 

+ ·09 
+· 091 

- ·O] - ·02 58 ·97 
- ·01 - ·02 47·39 
- ·ot - ·02 45 ·43 
- ·01 - ·02 33·58 
-- ·01 - ·03 30·08 

·oo - ·o3 49·74 
·oo - 02 52·87 

·oo - ·02 09 ·56 
·oo - ·()3 35·99 

+· 01 - ·02 38·23 
+ ·01 - ·02 22·021 
+ 0i. - ·(12 58'3!1 
+ ·01 - ·02 36·95 

a= +•· 735 c=+•·085 
Cbronometer corrt>ction at 17" 00'"= +6'' 719±•· ot5 

R. A. 

- - ---
h. m. s. 

13 56 48·62 
14 00 53·G7 

07 45-77 
12 43'67 
27 41 ·10 
37 59-44 
40 4i •29 

~~ 18 ~~~ 
1/i 0019 ·6,3 
16 09 18"57 

13 14 ·18 
15 20·90 
17 41·05 

16 26 05 -59 
29 54·10 
31 52 '03 
37 40 ' 36 
39 36·79 
43 56'50 
55 59·73 

17 10 16·20 
11 42'76 
21 44 ' !19 
30 28·68 
32 05·10 
38 43 ·70 

~ 
0 

r--·-
Q)., .., o ~; gg v. 

e 
..c: 
0 
----

S. s. 

+ 06 ·60 + ·09 
· 63 + ·06 
· 67 + ·02 
·71 2 - ·o· 
·G5 + ·o-t 

1 - ·12 :r~ ·67 + ·02 
·68 + ·01 
·73 - ·04 
-c,g;+ ·11 
·72J-· 03 
"64 + ·05 

+06·62 + ·10 
·7L + ·01 
·60 + ·12 
' 78 - ·06 
·71 + ·01 
·76 - ·04 
"86 - ·14 

·G4 +· os 
·77 - ·05 
·7(; - ·04 
·6G + ·06 
·71 + ·01 
·75 - ·O;J 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: FANNING IsL.IND. Datt>, June 21st, 1903. Observer: F. \V. O. WERRY. 

-

Star. 
§" 

1 

" ô -,~ 
E .463 ..... ... .. . . . 

j46ô ..... . . . . . 
592 . . .......... 
466 ......... .. . 
201 . . 
/o·' Lib~~. : .. : . : . 
i202. . . . . . . . 
f' Librre . .. ... . 

w 5\13. ····· · · ·· ·· 
-l ôtl .. .... .. ... (11 .... ...... . 
213.. . . . ...... 
59~ ............ 

w 595. · ··· · ·· · ··· 221. .... . . . .. 
222. ...... . . ... 
223 
cr s~~pii:·· 

.. 

225 ... . .. . .. . . . . 

E 232. ...... . 
479 . ... .. . .. . . 
4~0 . . . . . . . . . . . . 
2il9 . . . .. . .. 
599 ... ...... ... 
cr Ophiuchi. . . . 
600 . ..... 

1 -

.9 0 
;.; 
'"' >, 0 

ci "' "O.., .j Transit ;:::; 0 Ô...5 
-5 ·.;; 

R. A. over 1ne:tn of ~ .. ~ _zj " 
.,._ 

" .§ " -0 "' threads. .; " ~ E i " "'" '"' o ce > O"'.,... 'N ~ ..8 g~ "0, c.. " ..,J ...: ü ~ .,: w 
---- - -- --------

h. ru. s. S. 1 $. S. 
s. s. h. m. s. r = + ·03 

14 51 26· 16 + ·05 - ·os, +·02 - ·ul - ·02 26·12 14 51 40"85 
15 oo 0o ·c2 + ·05 - ·20 +· 02 -· 01 - ·02 04·86 15 00 19-59 

06 29•5ï + ·05 + · 1sl + ·021 - ·01 - ·o~ 29 ·73 06 44-47 
10 09·63 + 05 - 01 + ·02 - ·01 - ·02 09·66 10 24-59 
11 23 ·21 + ·05 - ·26 + ·02 ·oo - -03 22 ·9() 11 37·76 
17 24-99 +· 05 +· 14 +· 02 ·oo - ·02 25 ·18 17 40"06 
20 37-30 +· 05 - ·30 + ·021 ·oo - ·03 37 -04 20 51 ·77 
22 35-01 +· 05 + ·16 + ·021 ·001 - .02 35·22 22 50·10 

t 

29 54·14 + ·02 + ·14 - ·02 ·oo - ·02 54 ·26 30 os-92 
31 os · -1-1 + ·oa -·;q - ·02 + ·01 - ·03 08 '09 34 22·92 
38 27·91 + ·03 - · 1!) - ·02 + ·011- ·02 27·72 38 42· 59 
·U 30·47 + ·021 - ·09 - 021 + ·01 - ·02 30 ·37 41 45·17 
54 24·03 + ·03 + ·21 - ·02 +· 02,- ·02 2-1 ·25 54 39-04 

c= +• ·015 
Chronometer correction at lf>h 20m = + 14• ·7!J2±• ·017 

16 59 35 ·92 + ·02 +.· ]8 - ·03 - ·02 - ·02 36·05 15 59 50 -92 
16 05 30 -75 + ·02 - ·3!1 - ·ü3 - ·02 - ·03 30 ·30 16 05 45 -23 

09 03 -75 +· 03 +:05 - ·03 - ··02 - ·02 03 ·76 09 18· 58 
12 59•41 + ·03 + ·06 - ·o:l - ·02 - ·02 5~ •43 13 14·19 
15 05·82 + ·05 + ·2:i - '03 - ·01 - ·02 06 ·0-t 15 20·91 
17 26·50 + ·06 - ·12 - ·03 - ·01 - ·02 26 ·38 17 41 ·06 

39 22· 19 +· os - ·31 + ·04 ·oo - '03 21 -97 39 36·79 
17 00 40"71 + ·os - ·07 + ·03 + ·01 - ·02 40·74 17 00 55 -59 

04 25 ·01 +· os - -33 + ·04 + ·01 - ·03 2-1"78 04 39-54 
11 28·15 +· o; -· 29 + ·04 + ·02 - ·03 27·96 11 42 ·77 
15 51 ·4S +· 07 + ·22 + ·03 + ·02 -·oi 51 ·so 16 06 ·57 
21 29·98 + ·07 ·oo + ·03 + ·02 - ·02 30·08 21 45·06 
81 50 ·03 + ·07 + ·14 + ·03 +· 02 - ·02 50·27 :l2 05 ·15 

ci= +•· 420· c= +•· 030 
Ch ronorueter correction at 16h 40m = + 14' · 83'.!±' · 016 

ci 
0 ... -s~ 

a,;.V 
E ~ oo v. -"' ô 
'"' -"' 

ü ----
S. S. 

+ 14 73 + ·06 
·73 +· 06 
·Gs + ·11 
-93 -· u 
·77 +· 02 

s - ·o9 
·73 
·ss 

·66 
·83 
·s7 
·so 
·79 

+ 14·87 
-93 
·s2 
"76 
·s1 
·68 

·s2 
·85 
·, G 
·81 
·77 
·98 

+ ·06 
-· o 

+ ·13 
- ·04 
- ·os 
- ·01 

·o 0 

-· o 
- ·1 
+ ·o 
+· o 
-·o 
+· 1 

+ ·o 
- ·O 
+· o 
+ ·o 
+· 
- ·1 

4-
0 
1 
7 
4 
5 

1 
z 
7 
2 

06 
5 
~ ·ssi- ·o 
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5-6 EDWARD VII., A. 1906 

TRANSI T OBSERVATIONS. 

Station: FA~NING I SLAND. Da.te, June 23rd, 1903. Observer : F. \V. O. WERRY. 

l.e
0 ,..; ... 
>, 0 _ ., ci " Transit C:.: ::: ~ 

-5 
0 0 O..; 

Star. over mean of ~ ~ j ·.; ·.:; 

" <D • -

;:;. threads. .i ~~ " s e 'O "' s .8 i:: " s Cel 
..., gf ~ Q;·s. ., 

" 
. N 8 " ..D ., .. 

5 H < p:j <lj rn 
- ----- ------- -- --

h. n,. s. s. ~- s. S. 

r= + ·06 s. 

E 192 ..... .... . .. 14 27 23 ·72 + ·or, - 26 - ·05 -·09 - ·02 23·35 
, 2 Booti s . . . ... 40 29·74 + ·04 - ·22 - · 05 - ·os -·02 2~·41 
û!IO . .. ...... . . 45 15 ·56 + ·04 + ·17 - ·04 - ·07 - ·02 15"6-i 
_25 .. . . . . . · -· 16 17 23 ·4o +· 0-1 - ·14 - ·04 + ·02 - ·02 23·31 
473 . . ... .. .. 20 4Ul8 + ·051 - ·09 - ·o-t + ·02 - ·02 41·30 
5!JG . . .. .. 23 12 ·\Jl + ·0-1 + ·28 - ·04 + ·02 - ·02 13·19 

w :r Scorpii .. .. . , • . 29 31\ "03 ·oo
1 

+· 30 +· 05 + ·03 - ·021 36 ·:19 
1697 ... .. . . .. 31 34·25 ·oo +· 12 + ·0-1 + ·03 - ·02 34-42 
231. . . . ... 37 22·69 +·0t - ·27 + ·05 + ' 04 - ·02 22· 50 
:.!32 ... .. .... 39 19 ·22 + ·02 - ·37 +· 05 + ·0-1 - ·03 18"93 
, Scorpii ..... .... 43 38 ·20 + ·02 + ·37 + ·01:,I + ·01 - ·031 38·1>0 
J233 .. . . .. .. . 52 49·73 +· u2 -· 05 + ·0-1 : + ·051- ·()2 49·77 

(i =+•· 5()1 
Chronometer correction !1-t 16h OQm= + 17••ï67±'"019 

R. A . 

----
h. m. s. 

H 27 41·01 
40 47 ·22 
45 33·46 

16 17 41·06 
20 5!J ·l2 
23 30 97 

29 M· J3 
31 52·06 
37 -10·35 
3!J 36·78 
43 56 ·54 
53 07 ·38 

::: 
~.2 .,., 
., " 
~f gg 1·. 

0 ... 
..c 
0 ---

s. s. 

+ 11 ·66.+ · 1 
·81 - ·o 
82 - ·o 

·75 + ·o 

l 
-1 
5 
2 
5 
1 

,:12 - ·o 
·181- ·o 

·74 + ·o 
·(i4 + ·1 

3 
3 
8 
8 
2 
6 

·85 - ·o 
·s;,

1
- ·o 

·89 - ·1 
·611+ ·1 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: FANNING ISLAND. Date, June 2-!th, H103. Ob,erver : F. W . o. ,vERRY. 

d, 
Star. 

E 
"' 6 -, 

\V 205 ...... ·•···· 
206 . .... ..... .. . 
593 ..... · •· ·· 
469 .. . . ... . ... 
211 .. . .. .. 

E 218 ..... 
595 ....... 
222 ... ... .. . .. . . 
rr Scorpii ....... 
225 .. . ........ . 

. 

E 4i3 ......... .. 
T Scorpii ..... . 
597 . ... .. .. 
232 .......... .. 
, Scorpii ... . ~ 
47 ....... . .. . . 
23:l .. ......... . 

W 234 ... . . . . 
599 . ..... .. ... . 
rr Opbiuchi .. ... . 
241.. .... .. 
600 . .. .. 
245 .. ... .. .. 

. .... r-: 
.:: 0 5 >-..., 

"' " 'l'r:msit "'·- 0 "' ê "- {i ·.;; 0 ..; 
uver me,in of ~ d 21 "' 

·.;; ,r. ..... R. A. 
threads. - ::, 0 

::, .§ ~ '"C rr. -" ; o-.;:: s j ... Qd 
"N ;:g " ~ h o,CD I"- "' ,,:, 

H ...,: 0 ~ -r: U1 
-- - ----- --- - -- -----

b. m. S. S. s. S. 
S. 

r = - ·os S. h. m. S. 

15 23 32 ·84 + ·02 - ·22 - ·09 + ·04 - ·02 32 -57 15 23 53 ·07 
27 09 "74 + ·021 

- ·351 - ·11 + ·03 - ·03 u9 ·30 "27 28"91 
2n 4!J· :m -t- '021 +· 14 - ·us + ·03 - ·02 4W.J.8 30 os·m 
34 03 ·83 +- ·02 - ·34 - ·n +· 02 - ' 03 03 -39 3-1 22 ·89 
38 23'24 + ·02 - ·1s - -09 + ·02 - ·02 22·99 38 42 "59 

5141 ' 44 + ·on - -09 + ·(f.) ·oo - ·02 41"51 52 00-93 
59 31 ·04 +· 09 +· 1s + ·09 - ·01 - ·02 31 "37 5ù 50" 9:.! 

16 0E 58· ';"9 + ·09 + ·06 + ·os - ·02 - ·02 58· !)~ 16 09 18"57 
15 00 ' 98 + ·09 + ·23 + ·09 - ·03 - ·02 01 -34 15 20·92 
17 21"55 + ·on - ·12 + ·09 - ·o3j- ·02 21 '56 li 41'06 

a= +•· 430 c=+•·o 2 
Chronometer correction at 15h 50m= + 19•·o30±• ·018 

16 20 39-49 
29 3.J. •lï 
31 32 ·a9 
39 17 ·45 
43 36'49 
47 23 ·0!1 
52 47 ·73 

56 18·3!) 
17 15 47 ·23 

21 25 "67 
30 09 "56 
31 45 ·69 
38 24 ' 42 

+ ·c7 
+· 06 
+ ·05 
+ •Oï 
+ ·07 
+ ·07 
+· 07 

+ ·03 
+· 02 
+ ·03 
+ ·02 
+ ·02 
+ ·03 

- ·09 
+· 29 
+ ·12 
- "36 
+ ·36 
- ·10 
- ·05 

- ·26 
+ "26 

·oo 
- ·07 
+· 16 

·oo 

+· 14 
+ ·]6 
+· u 
+· 1s 
+ ·1; 
+ ·15 
+ ·14 

- ' 16 
- ·15 
- ·14 
- ·14 
- ·15 
- ·14 

+ ·o:; - ·02 
+ ·04 - ·02 
+ ·04 - ·02 
+ ·o;i - ·o;i 
+· 02 -·03 
+ ·02 - ·02 
+ ·01 - ·02 

+ ·01 - ·02 
- ' 0:! - ·02 
- ·03 - ·02 
- ·04 - ·02 
- ·0-1. - ·02 
- ' 051- ·02 

a= +•· 4s;; c= +• ·140 

3!J ·G.J. 
34·70 
32·72 
17 -34 
37 ·08 
23 ·21 
47 ·88 

17'99 
47•32 
25 51 
09·31 
45 "66 
24 ·24 

Cbronometer conection a t 17h OOm = + 19"· 43.~±• · 017 

., 

16 20 59· 11 
29 54-13 
31 52 '06 
39 ;l6"78 
43 56·54 
47 4!!·59 
53 07 ' 38 

56 37·33 
17 16 ()6· 59 

21 45"06 
30 2s·73 
32 05 ·1s 
38 43 ·77 

ci 
0 ... --.,..., 

~~ s t: 
00 v. 
" c:, 
8 

..c 
0 

-----
s. S. 

+19·60 +·03 
'61 - ·os 
•43 +· 10 
·50 +· 03 
·60 -· 07 

'42 +· u 
·55 - · •)2 
·59 - ·oo 
·5s - ·05 
·50 + ·03 

+ 19 -47 - ·04 
·43 ·oo 
·34 + ·09 
·44 - ·01 
·46 - ·03 
·38 + 05 
·50 - ·07 

·34 +· 09 
·27 + ' lü 
·54 -·n 
·42 + ·01 
·52 - ·09 
•53 - ·10 



96 DEPJ..RTJIE"/l"T OF THE lNTERIOR ix 

5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: SUVA. Da.te, June 3rd, 1903. Observer : ÜTTO KLOTZ • 

. é"ê; '"' § .. 
0 

'O >, ci " .. ·.;; 
" Transit ~ ;';: 0 = 0 '$ " ..ci ·.;; 0 a e 

Sta r. over mean of_: d J1 .., d ·.::: m-~ R . A. .. v. ci. " El d 'O ., 0 0 
threa.ds. "' " 1; t l:l= = 0 

6 a ::3 
.; 

0 !S 2 > a'-- ., " " " "' i:,. 
-~ C ~ 

0 dl ,:, " ., 6 5 H < 0 ~ < r:r., 
- ---- --·- - -

1 
b . m. S. S. 5, s. S. 

r= - ·15 S. h. m . S . m. S. S. 

E /3
0
Chamœleontis 12 16 25 ·58 - ·19 - 10·62 - 96 + ·111- ·10 13'82 12 12 45•92 - 3 27·90 - ·02 

il- Cor v1. .... . . 28 20 '92 - ·os+ ·10 - ·20 +· os -· 02 20 ·80 ?4 52'88 ·92 ·oo 
p V irginis .. .. 40 27 ·45 -· 07 + 1 ·16 - ·19 + ·oo/- ·02 28·381 36 C0·46 ·92 ·oo 
35 Virginis .. .. 46 2-1·41 - ·01 + ' 90 - ·UJ + ' 04 - ·02 25 ·07 42 57 ·10 ·97 + ·05 
31 Comœ . .. .. 50 26 '52 - ·06 + 1·85 - ·21 + ·03 - ·02 2s· 11 46 60 ·31 ·80 - ·12 
ô Virginis . . . 54 12·39 - ·07 + · !)O - ' 19 + ·021 - ·02 13·(i3 50 45 ·11 ·92 ·oo 
€ Virginia .. . . 13 00 49 ·9-t l -·07 + 1·19 - ·19 ·oo - ·02 50 '85j 57 22·04 ' 91 - ·01 

w 'Y H ydrre ... .. 17 ()9 ·59 - ·17 - ·21 + ·20 - ·04 - ·02 09 '35 13 13 41'45 ·90 - ·02 
, Centauri . .. . . 11-1 40' 28 - · HJ - ·90 + ·23 - ·04 - ·02 39 ·36 15 11 ·4; ' 89 - ·03 
a Virgin s ..... 23 35 '05 - ·w + ·311 + ·19 - ·05 - ·02 35 -32 20 07 · 36 ·()6 + ·0-1 
5 Virginis . . . .. 3:i H ·67 - ·15 + ·74 + ·19 - ·os - ·02 15· 35 29 47 ·321 28 ' 03 +·n 
E Centauri .. . .. 37 18' 29 - ·21 - 2'16 + ·30 - ·o9/- ·031 16 ·10/ 33 48 ' 30 27'80 - ·12 
1,i Virgini~ . . .. . 40 Ol '3ï - ' 16 + ' 40 + ·19 -· 10 - ·02 01 ' 68 36 33' 671 23 ·01 + ·09 
r Boiitî.;; . ...... 46 (J7 ·8i:J -·H + 1·47 + ·20 -·ni- ·02 09 ·29 42 41 ' 33 27 ' 96 +· 04 

Chronorneter correction at 13h 1 m = - 3m 2ï• · 921±' · 013 



ix REPORT 01!' THE CHIEF ASTRONOMER 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: SL\'.I. Date, .June 4th, 1!)03. o;,server: Orro KLOTZ. 

1 

"" I 
;:: 
.§ 
0 

Î füw" ]1 1 2 ê 1 ! . ri 
overn1eanof,_~.5 ~ i:: -~ ~-§ R .A. 00 

threads . ; ;_~ s .ê ~ ~ § ~ 8 ° 
~., ~ ~ 8 ~ ~ JJ~ 5 

Star . V . 

-------------1--- ---- ----- ---- --

h. m. s. s. s. s. l r=~ .17 1 s. 1 h. m. s. m. s. s. 

E' ,.. · · 13 00 ~1 -2 ·01 + 2·;;0 - ·211 + ·10 -- ·02 53·88 12 57 22·93 - 3 30·95 - ·06 
· o yJ;:~i:~l:: ::.: 08 ;:89 - 01 + 1·15 -·21 + ·091- ·02l 2g·89 13 04 57·87 31·021+ ·01 

-y Hydrœ.... ... 17 13·061 - ·01 - ·45/ - ·22 + ·oG - ·02 12·42 13 41 -4~ 30·981- ·03 
, Centa.uri ... ·l 18 H·G7 -· ot - 1·90 - ·2(i + ·05-·02 42·53 1511"46 31·07 + ·06 
j"Virginis: · ··· 33!6·93 -· 01 + 1 ·55 -· 21 + ·Ol -· 0218·25 2947·31 30·9-t- ·07 
, Centauri..... 37 ~-J,30 - ·01 - 4·54 - ·33 ·oo - ·03 19 ·39 33 48·28 31·11 + ·10 
,,, Virginis .... -1 40 0-1·03 - ·01 + ·85 - ·21 - ·01 - ·02 04 ·63 36 33·66 30·97 - ·04 

w T Bootid ...... 
1 

4G 09 ·171 ·oo +3· 10 + ·22 - ·os - ·02 12·44 42 41 ·32'1 31 ·12 + ·11 
J C~ut_t>'!ri .... · I 53 01:01 ·oo - 3·50 + ·30 - ·05 - ·03 03 ·79 49 32·87 30·92 - ·oo 
T Vtrg1ms ..... 14 00 14 20 ·001+ 1 ·70 + ·21 - ·07 - ·02 16·02 ü6 44·98 31·04 + ·03 
1r Hydrœ....... 04 25·35 ·oo - ·75 + ·23 - ·os - ·02 24·73 14 00 53·74 30 ·9!) - ·02 
"V1rginis. .. . . 1116 ·10 ·oo + ·75 + ·21 - ·10 - ·02 16 ·94 07 45·8.5 31 ·0~ + ·OS 
.a. Bootis. . . 14 4A-OG ·oo

1
+3·25 + ·2'2 - ·10 - ·02 4"·41 1116 ·43I 30·98 - ·03 

W :P Librœ ...... . 
( 1 Librœ ..... . . 
-y Lupi .... .. . 
a. Coronœ ..... . 
a. , 'erpentis ... . 

(1-' Snpentis. . . 
i/3 Triang. Aust. 

E li Scorpii ..... . 
/3' Scorpu . . . . . 
-y2 Nonnœ .. .. . 
-y Herculis . . . . . 
a. Scorpii .... . 
À Opbiuchi . . . 
a. 'fria.ng. Aust. 

%b-7 

a= +5•· 011 c= - •· 209 
Chronometer correction at 13" 37m = _3m 31' ·014±' 014 

15 15 20·3() 1 + ·o31+ ·so 
26 21·09 ' +· ()3 + ·15 
32 11 ·s5' + ·03 - 2· .36 
34 04-39 + ·02 + 3 ·97 
43 01 08, + ·02 + 2 ·11 
48 06 ·12 + ·02 + 1 ·41· 
50 20·18 + ·r,4 - 7 ·73 

1 

68 10 ·82 + ·091- ·40 
16 03 22·511 + ·09 - ·15 

16 14 ·88 + ·11 - 4 "07 
21 09·28 -t- ·07 + 3·26 
27 03 ·111-r ·m,

1

- ·so 
29 33.83 + ·os + 1 ·16 
42 13·38 + ·15, -10·75 

+ ·rn - ·02 
+ 09 - ·02 
+ ·os - ·03 
+ •oï - ·02 
+ ·05 - ·02 
+ ·03 - ·02 
+ ·o:i - ·04 

+ 011- ·02 
- ·01 - ·02 
- ·03 - ·03 - ·061- 02 
- ·os - ·02 
- ·os - ·02 
- ·12- ·06 

a =-5'· 022 c= -• ·178 

21·.JB 16 11 49 -99 - 3 31·49 + ·13 
21 ·53 22·50·10 43 + ·07 
16·60 28 44-37 ·23 - ·13 
08·63 30 37·31 ·32 - ·04 
03 ·42 39 32 ·0ü ·37 + ·01 
07 ·74 44 36·24 ·50 + ·14 
12 ·87 46 41 ·561 ·31 - ·05 

10 ·31 54 39 021 ·29 - ·07 
22·23 59 50 87 ·36 ·oo 
10 68 16 12 39 19 ·39 + ·03 
12 ·34 17 41 05 ·29 - ·07 
02•1(;1 23 30 ·901 ·26 - ·10 
35-391 2G 04 ·01 ·38 + ·02 
02·11 38 30 67 ·44 + ·os 

Chronometer correction a.t 16h oom = - 3m 31• · 361±' · 014 



98 

Station : s~'VA. 

p. Star. 

j 
0 
---------

E 'Y Crucis ..... .. 
(3 Carvi . . .. .... 
p Virginis .. .. . 
/3 Crucis ..... .. 
ô Virginis ..... 
, Virginia ..... 
() Virginis . . . .. 

w 'Y Hydrœ ...... 
a Virginis .. . .. Ir Virginis ..... 
, Centauri . .... 
T Virâinis .. . .. 
,r H y rre ...... 
" Virginis . .... 

W fJ Librœ .... . 
f' Librœ ..... . 
-y Lupi .. 
,:J1 Scorpii .. 
,ô Ophiuchi ... . 
-y2 ~ormœ .... . 

E À Scorpii ... .. . . 
71 Pavonis . .. . . 
/3 Ophiuchi .... . 
µ H ercul is .... . 
89 H ercul is ... . 
v Ophiuchi . . . . 

DE PARTMENT OF THE I NTERIOR ix 

5-6 EDWARD VI I., A. 190ô 

TRANSIT OBSERVATIONS. 

Da.te, June 9th, 1903. Observer: ÜTTO ICLo-rz. 

1-é~ l:: 
>, 0 

.§ " 'O., d .... r.rransi t ::: :.::: . 0 0_.; 
over mea.n of\ ce ce ,,; -:5 ~ ·.;; -rj ";j 

threa.ds. .; P ~ S .Ë 0 
ce 

j ,::: A 
0~ > C"..... . ,... 

~ d âl.;; (!,i Q) 0.. N 
..,J -<f 0 p:; < rn 

-------- -----
h. m. s. S. S. S. 

S. 
r= - ·12 s. 

12 29 34 ·71 + ·06 + ·75 - ·34 + ·09 - ·04 35-23 
33 04 -73 + ·06 + ·06 - 21 + ·os - ·02 04 70 
40 45"83 + ·06 - ·32 - ·19 + ·o; - ·02 45-43 
45 50 ·97 + ·13 +·85 - 37 + ·06 - . 0-l 51 ·60 
54 30-24 +· 11 - ·25 - ·19 +· 04 - ·02 29 !13 

13 01 08·23 + ·12 - ·33 - ·]9 + ·03 - ·02 07 · 4 
08 43 -04 + ·15 - ·15 - ·19 . + ·01 - ·02 42 84 

17 26·05 +· n + ·os + ·211 - ·01 - ·021 26·42 
23 52·21 + ·10 -·n + ·J9 - ·02 - ·02 52·35 
33 32 36 + ·10 - ·27 +· 19 - ·041- 02 32·32 
37 32 08 + ·13 + "78 + ·30 - ·05 - ·03 33 ·21 

14 00 30·06 + ·O!l - ·29 
+· 191 

- ·09 - ·02 29-94 
(H 38·31 +·n +·13 +·21 - ·10 - ·02 38 ·(;4 
11 30·74 + ·10 - ·13 + ·19 •. -1~ - ·02 30-rn 

1 

d 
0 ,..._ ., ., 

_.,<) 

"'"' Et R. A. ~--
1 g8 

8 
Ë _____ .....:.._ , 

h. m. S. m. 8. S. 

12 25 50 ·20 - 3 43 ·03 + ·o 6 
2 29 rn·n, 

37 00 ·40 
42 06·7o 
50 -t5 06 
57 22· 9 

13 04 57'83 

13 H ·40 
20 01-~2 
29 -17·2 
33 43·21 
.'){, 44·95 

1-t 00 f,3·72 
07 45·83 

44 -99 +· o 
45·03 + · 06 
44·90 - ·07 
44'87 - ·1 
44·95 - ·o 
43 ·01 + ·o 

0 
2 
! 

45·02 + ·o-0 
43·03 + ·Of; 
4::;·04 ·o, 
45·00 + ·03 
4-1 ·99 + ·02 
44 -92 - ·05 
44-93 - ·04 

a,= +•· 855 ci,= +•· 663 c=-•·190 
Chronometer correction at 1311 14m = -3'" 44•·!17l±•· 0H 

Hi ]5 35 ·10 
2(i 3,3·25 
3i 28·86 

16 (J 'l 35 ,;;:, 
13 03·79 
1Li 23·66 

17 30 50·00 
-10 02'!!3 
42 29-33 
4(i 28'-10 
53 19·J0 
57 29·(i9 

+-ul 
+· 11 
+ ·14 
+ ·12 
+· 11 
+ ·14 

- ·12! 
- ·02 
+ -39 
+ ·02 
- ·rn 
-t ·63 

+· -11 + ·32 
+ ·56 + 1·31 
+· 30 - · 30 
+ ·28 - ·(i3 
+· 28 - ·Go 
+ ·35 - ·12 

+ . 1-l 
+ ·14 
+ · 18 
+ ·15 
+ ·14, 
+ ·211 

- ·1,1 
- -32 
- ·14 
- -151 
- ·151 
- ·14 

+·19'-·02l 35-c101 151150 -o) - 3 45·40.+· 01 
+ ·17 - ·02 35 "631 t2 50·11 ·52 + ·13 
+ · Jü - ·03 2!)·70 28 H ·3!J ·31 - ·08 
+ ·09 - ·02 3H·21 ,ï!l 5o ·!Jo · 31 - ·os 
+ ·0ï - ·02 03·!-'0 16 0!) 1 ·ijf;I ·34 ·05 
+ ·07 - ·()31 24·(iSI 12 39 2-4 . l4 + ·05 

- :o 1- :os
1 

50 :-15 17 ~• 05:?~ ·3!l ·oo 
- 10 - 05

1 

0-l ::13 a6 1s ,1,> ·38 - ·01 
- ·10 - ·0:J 2!) 0î 38 -!3 fi(i ·.n + ·02 
- ·n - 02 2ï•77 42 -12·38 ·3!J ·oo 
- ·13 - ·02 18 '48 51 33 10 ·38 - ·01 
- ·14 - 'ù2, 29 ·62 53 4! '1!)1 ·43 + ·0-1 

c= - • UO 
Chronorneter ~orrection at 16" 50"'= _ 3ru 45•·392±•· 013 



ix REPORT OF THE CHIEF ASTRONOMER 99 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: St:YA. Date, June 10th, J003. Obsener : Û'ITO KLO'l'Z. 

1 . \: t ci I ci ~ it 
Transit ~;.:: . ...è 1 ] .2 0 .; ~ ~ 

. Star. 1over mean of
1 

ce 2 .., ce ";ê ~ -~ R. A. 0 ô 
g- thread . ~ ::::: ~ S .ê !li ~ ::: ~ 5 ° 
... ;.> cr..... .... - ~ ,:.> o;.. '"" 
~ <1)Q)P., N 1 "ô ~ _a ~~ ,..: 

~ i h. m. s. 1~ s. : : · r=~ .
15

1 s~ JJ h. m. s. n~ . s. 

1'. 

E ;:JCha.mœleonfü 121630·44 +· 40 + 2·,6-1·02 +·11-·10 32·fi9 121245·31-347·28+·02 
f:3 Corvi . . . . . . . 33 0fi·S9 + ·17 + ·ou - ·22 + ·07 - ·02 06·95 29 l!J-70 ·25 - ·01 
p Yirgihis . ... 40 48·00 + ·14 - ·30 - ·20 + ·05' -·02 47·67 37 00·39 ·28 +· 02 
;;5V. irgiuis . .... 4G 44-55 +· 151- •23 - ·20 + ·04

1

--02 44 ·29 42 57 ·03 ·26 ·üO 
31Comœ . . . .. . 50 48 ·14 + ·13 - ·4s - ·23 + ·02 - ·02 47 ·56 46 60 23 ·33 + ·07 
o Virginis ..... 54 32 ·51 + ·151- ·23- ·20 +· 0l -·02 32·22 50 45 0-t ·18 -· OS 
e Virginis ..... 13 01 10·-1~

1 

~ 14 - ·31 - ·20 ·oo \' - ·02 10·0 57 22· 88, ·20 - ·06 

W iJ VirginiH ..... 08 4!!)8 + ·16 - ·14 + ·20I - ·02 - ·02 45 ·1() 13 04 57 ·s2
1 

·34 + ·os 
-y Hydrœ. . . . . 17 28·27 + ·17 + ·oG + ·21 1 - ·04 - ·02 28·65 13 41·39 ·26 ·oo 
, Centauri .... 18 57·9(i + ·19 + ·23 + 25 - ·05 -· 02 58.56 15 11·40 ·16 - ·10 
,i Virgirns .. . . . 23 5-J,42 + ·16 - ·OS+ ·20 - ·0G - ·02 54 ·62 20 07 ·31 ·31 + ·05 
( Virginia. . . . 33 34-551· + ·15 - ·19 + ·20 - ·o - ·02 34·61, 29 47·27 ·34 + ·os 
111 Virginis..... 40 20 ·74 + ·16 - ·10 + ·20 - ·10 - ·02 20·88 36 33 ·63 ·25 - ·01 
rBootis. .. 4.628·G9 +· 14 - ·38 +·20 -·11- ·0223 ·52 4241 ·27 ·25 -·0l 

1 1 1 1 ----~-
a= +• ·618 .:= -•· 198 

C1hronomPter correction a.t 13h oom = _ 3m 47•·263±•· 011 

w p Bootis . . . . . . 14 31 29 ·05 + ·05 - ·74 + ·27 + ·101- •03 2s·10 14 27 41 ·16 - 3 47·54 - ·02 
,2 Bootis ...... . 44 :-15· 12 + ·os - ·56 + ·24 + ·07 - ·02 34·91 40 47 ·33 ·58 + 02 
a Librre . .. ... . 49 20 ·86 +· 07 - ·03 + ·22 + ·os - ·02, 21 ·16 45 33 -55 ·61 + ·05 
~ Liùrœ ...... . 55 20·-16 + ·07 - ·09 + ·21 +· 04 - ·02 2o·G7 51 33 03 ·64 + ·os 
:J0Librœ ....... 15 02 13-n + ·os + ·O!J+ ·23 + ·03 - ·02, 14 ·12 58 26"67 ·45 - ·u 

E ,{J Librœ .. . . ... 15 37 -57 + ·29 - ·u - 21 - ·01 - ·02 37-51 15 11 50 ·00 ·51 - ·05 
a Coronœ ... ... 34 25·49 +· 23 - ·55 - ·23 - ·05 - ·02 24"87 30 37·30 ·57 + ·01 
a Serpentis . ... 43 19 ·95 + ·2G - ·2~ - ·21 -·07 - ·02 19 62 39 32 ·07 155 - ·01 
µ, Serpentis . ... 48 24·01 + ·28 - ·19 - ·21 - ·09 - ·02 23 ·7s 44 3ü •2ï ·51 - ·05 
• Serpen tis . .. 49 49·42 + ·2s - ·16 - ·21 - ·09 - ·02 49 ·22 4G 01 ·53 ·69 + ·13 
i' Serpentis . . .. 55 48·971 + ·25 - ·40 - 22 - ·10 - ·021 48·48 51 60·95 •53 - ·03 

a= +•· 692 c= -•· 209 
Chronometer correction at 15h 13m = _3m 47•·5Gl±•· 020 



100 DEPAR'l'JlENT OF TllE LN'l'ERIOR ix 

5-6 EDWARD VII. , A. 1906 

TRANSIT OBSERVATIONS. 

Station : SUVA. Date, June 11th, 1903. 

r 1 
1
~: i d 

Transit c.::: o 
Star. 1over mea.n of ~--;; -5 ~ -~ t threads. } ;,.~ S .§ .,; 

_5_· _______ , _____ ~.,p.l ~ 8 -~ 

E 1/3 Chamœleontis 
ô2Corvi. .... . . . 
, Virgmis .... . 
et Virginis .... . 

1
, Centauri. . . 
,n. Virginia ... . 
r Bolitis ... . 

W _ç Centauri .... . 
r Virginis ... . . 
0 Centanri .... . 
K Virginis ... . · 1 
et Bootis ...... . 
f Bootis ...... . 

h. m. s. 
12 16 33-49 

28 42"66 
13 01 13'0(1 

23 57 23 
3, 37•50 
40 23"5ï 
46 31·57 

53 21",2 
14 oo 34-so 

04 50 80 
11 35·56 
16 06 38 
25 49-02 

8. 1 S. 8. r=~.l4 S. 

-· 03 j+2· 79 - 1·24 + ·15-·10 35'06 
+ ·17 - ·02 -· ·25 + ·12 - ·02 42·66 
+ ·15 - · 31 , - ·2r,' + ·05 - ·02 12'68 
+ ·17 - ·os - ·25 + ·02. - ·02 57·01 
T •22 + ·57 - •39 - 'Û3 - '03 37·84 
+ ·17 - ·11 - ·24 - ·04 - 02 23·33 
+ ' 14 - ·39 - ·25 - ·001- ·021 30-99 

+ ·10 + ·44' + ·35 - ·07 - ·03 22 51 
+ ·os - ·21 + ·2-1 - -09 - ·02 :wso 
+· o9 + ·24+ ·:io -· 101-·02 51•31 
+ ·os - ·09 + ·24 - ·12 - ·02 35·55 
+ 07 1

- -411+ ·26 - ·13 - ·02 06·15 
+ ·07 - -41 + ·2(l - ·15 - ·02 48'77 

Ob erver: ÛTTO KLO'fZ. 

R.A. V. 

b. m. s. 
1 

m. s. 1 8. 

12 12 45·22 -3 49·84 + ·06 
24 52'79 '87 + ·09 
57 22·s1 ·s1 + ·03 

13 20 07·31 '76 - ·02 
33 48"18 ' ·66 - ·12 
36 33·62 ·71 - ·07 
42 41 ·27. ·72 - ·OG 

49 32·soj ·11 - ·01 
56 4-1-94 '86 + 08 

14 01 01 · 54 · 77 - 01 
01 45·s2 ·83 + ·05 
11 16'39 ·70 - ·02 
21 58·901 · Sï + ·09 

Cbronometer correction at 13h 21'"= _ 3m 49•· 782±'' 015 

...... 
W l~Librœ ..... 

1

20 Libne 
.114 55 22·72 + "2/\ - ·09 + ,191 

15 02 16'0-I + ·27 + ·09 + ·21 1 

y; Bootis ..... . . 04 09'83 + ·20 - ·58 + ·21 
, 1 Librœ . . .... 10 34·00 + '26 + ·01 + ·20 
o2Librœ .... .. 21 2!)·82 + ·26 - ·04 -t- ·20 
( Librœ ..... . . 26 39-74 +·26 - ·02 + ·20 

+· :i2j- ·57 -E a Coronœ ..... . 34 27'83 ·21 
et Serpentis .. . . 43 22·281 +·38 - ·30 - ·19 

( Trian!!:. Au~t. ,oa, "I + ·661+1·11 - '42 
/31 Scorp1i . . . . . 16 03 40"84 + ·43 + ·02 - ·20 
ô Ophiuchi ..... 13 08·77 + ·40 - ·1s - -19 
(' Ophiuchi .. ... 29 54-35 + ·39 - ·25 - ·19 

_ç Ophiuchi .... . 35 42'151 + '41 - · 101- -19 

+ · 12 - · 02 23 17 
+ ·10 - ·02 16 "69 
+ ·10 - 02 09 -74 
+ ·os - ·02· 34•53 
+ ·06 - ·021 30 ·28 
+ ·05 - ·02 40 ·21 , 

+ ·o3, - ·021 27-33 
·oo - ·02 22·15 

- ·01 - ·04 31 "68 
- ·0-1 - ·02 41 '03 

14 51 33-03 - 3 50·14.l+· 05 
58 26·61 o~ - ·07 

15 00 19'69 
00 44·5(.I 
17 40'08 
22 50 13 

30 37·30 
39 32'07 
41; 41 '69 
59 50'91 

1 4 ·o5 - ·o 
·o - ·o 6 

1 
1 

·23 + ·1 
·001 - ·o 

8 
·os - ·o 
·OS - ·o 
·o91 ·o 
-12· + ·o 

- ·06 - ·02 08' 72 16 09 18·60 ·12 + ·o 
·101+ ·0 

1 
l 
0 
3 
3 
1 - ·10 - ·02 54'18 26 04·os 

- ·12 - ·02 42·13 31 52·04 ·o9 · 00 

a= +•· 721 c= -•· 191 
Chronomet er correction at 15h 45m= _ 3m 5()1 ·090±''010 

.lj' .. _ .... 



ix REPORT OF THE CHIEF ASTRONOMER 101 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : Su,·A. Date, June 16th, 1903. Observer : Û'l'TO KL01'Z 

t:: 
8 ,-o P, ci . 

Transit ~ -~ . . .S 5 'ô ~ 
Star. over n1ean of "d 2 Z ~ ~ 't5 ·:n 

;i thren.ds. ~ 0 ~ :::: 6 ê - ~ 
] ~ g-~ -~ ~ ~ i ~h 

R. A . 

o H -11 o ;:i:; <'1111 

[

. s 1 1 
I h. m. S. S. a. s. r =-··10 S. h . m . S. m. S. S. 

E kVirginis ..... 141148'37 + ·04 - ·OB -·17 + ·05 - ·02 48·1!) 140745·82 - 402·371-·09 
a Bootis....... 1519·2ï +· 07 - ·36 - ·18 ·1 + ·05 - ·02 18 ·83 1116 ·351 ·4 + ·02 
JBoiitis .... .. . 2G01' 2 + ·OS - ·36 - ·ls . + ·03!- ·02 01·37 2158 ·88 ·.J9 + ·o3 
p Boiitis.. .. . 3144 ·25 + ·o; - ·Sol -· 22 +· 02 - ·03 43·4(1 27 4J·u ·3s - ·os 
'7 Centauri..... 33 26: 55 + ·10 + ·41 - ·23 + ·02 - ·03 26 ·82 29 24 ' 40 ·42 - ·04 
aCirciui . . . . . . 3847·14 + ·~s + ·g.i_ - ·39 + ·01-•05 47·83 34 45- 34 ·49 + ·03 
e2 B~ütis . . . . . . 

1 

44 50 ·39 -;- ·09 - ·451 - ·19 ·oo - ·02 49 ·82 40 47 ·28 ·54 + ·os 

W a Librœ. .. . . .. 49 35· 88 - ·01
1 

- 02 + ·17 - ·01 - ·02 35· 99 45 33 ·53 · -16 ·oo 
~ Librœ. . . . . 55 35 ·51 - 01 - ·07 + ·17 - ·02 - ·02 35· 56 51 33· 02 ·54 + ·os 
20 Librœ .. .... 15 02 28 · 3 - ·011+ ·07 + ·18 - ·03 - ·02 29·02 58 26 ·G5 ·37 - ·09 
fBootis . . . . . . 04 22 ·-13 - ·01 - ·45 + ·19 - ·04 - ·02 22·10 15 oo 19·66 ·4-4 - ·02 
y'l'riang.Aust.

1 

1~ 58'!51 - 021+1 ·21 + ·481 -· 05 - ·06 (iO ·0l 09 57 ·58 ·43 -· 03 
,i3 L1brre. . . . . . 15 52· .)6

1 

- ·01 - ·09 + ·17 -· ·05 - ·02 52·:,6 11 49 ·99 ·57 + ·11 

a=+•· 560 c=-• ·170 
Chronometer correction at l4h 43m = - 4"' 02'" 461±' '014 

w a Serpentis ... . 15 43 34 ·77 + ·oal- '26 + ·20 + ·0G - ·02 34 ' 78 15 39 32 '07 - 4 02 '7] +· 11 
µ, Serpenti s ... 48 38·SG + ·03 - ·17 -,-· 20 + ·06 - ·02 as ·96 44 36 ·28 · t,8 + ·os 
{J Triang. A nst. 50 42 ' 63 +· 05 + ·95 + ·43 + ·05 -· 04 44 ' U7 4G 41·57 ·50 - ·10 J crpentis . .. . 56 03·70 + ·03 - ' 36 + ·20 + ·04 - ·02 0:l'59 52 00 ·95 ' 64 + ·04 

Scorpii ...... . 58 41 ' 37 + ·03 + ·05 + ·21 + ·0-1 - ·02 41 'GS 54 39·07 ·61 + ·01 
{1 1 Scorpii .. . . .. . 16 03 53-35 +· 03 + ·02 + ·21. +· 03 - ·02 53 ·G2 59 50·92 ·70 + ·10 
5 Ophinchi ..... 13 21 ·09 + ' 03 - ·15 + ·20 + ·01 - ·02 21·16 16 09 18 ' 61 ·55 -· ·05 

E î' Hcrcnlis ..... 21 44 ' 091 + ·26 - ·40 - ·21 ·oo - ·02 !3·72 17 41 ·os '64 + ·04 
a Scorpii ...... . 27 33-33 + ·34 + ·10 - ·22 - 01 - ·02 3:l'52 23 30 ·99 ·53 - ·07 
a Trian_g-. Aust. 42 32 ' 29 + ·5-1 + 1·32 - ·54 - ·03 - '06 33·52 :l8 30'82 ·70 +· 10 
E Scorpu ...... 47 58 '81 + ·36 + ·20 -· 24 - ·04 - ·02 59·071 43 56 ' 60 ·57 - ·03 
K Ophinchi .. .. 57 10·321 + ·25 - '38 - ·20 - ·os - ·02 0!1 ' 91 53 07 ' 40 ·51 - ·09 
30 Opbiuchi . ... 17 00 02 ·40 + ·301- ·16 - ·20 - ' 06 - ·02 02 ·26 55 59 ·73 '53 - ·07 

a= +•· 617 c= - •·196 
Clironometer correction a.t 16h 22m= _4m 02" '605±''016 
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Station: Suva. 

:i. 
Star. 

s 
6 

E Ï' Hydne ...... 
, Centauri .... 
a Virginis ..... 
r Virginis ....• 
f Centauri .... 
T Bootis ... . .. 
7/ Bootis ...... 

W {3 Centn.uri .... 
,r Hydne 
K Virginis ..... 

Bootis ..... .. .. . ' ~ Boot1s .. 1 
2 BOOtis. 

a Librœ . . . .. . 

DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Date, ,Tune 22nd, 1903. Observer : Ü'rTO KLOTz. 

..... .s 0 

-0 ~ ci 
Transit i:.~ 0 

over mean of ~ - a5 .cl ·.;; 

" .,.., 
threads. 1&-~ " E e ;.::l 

",ô 0 Q) Q) o.. 
..:i .,j 0 ------

h. lil. s. S. S. 

13 17 57"621 +· 04 + ·0.1 - ·20 
19 27·45 + ·04 + ·21 - ·23 
24 23·69 + ·04 - ·07 - l!! 
34 03·73 + ·04 - ·17 - ·19 
38 03·97 + ·05 + ·49 - ·so 
46 57·901 +·031 - ·34 - ·20 
64 22·70 +·03 - ·35 - ·20 

H 01 18·231 - ·os +·71 + ·381 
05 09"64 - ·06 +·os + ·21 
12 02 02 - ·06 - ·os + ·l!J 
26 15·36 - ·05 - ·35 +·20 ~. 
31 5, 69 - 04 \ - 58 + 241 
45 03·83 - ·04 - ·44 + ·21 
49 49·81 - ·06 - ·02 + ·20 

,.; ... 
0 
0 

ci 'ô -~ .., 
R. A. 

,,, __ 

" 'C> 00 

.,; t: "'0 
"' 0 !'l .., 

f5~ " ..0 
~ -1l r/1 

- ----------
s. s. h. m. S. r= - ·10 
+ ·os - ·021 57·56, 13 1s 41·27 
+ ·07 - ·02 27·52 15 11·25 
+ ·OG - ·0-2 23·51 20 07·20 
+ ·05 - ·02 03·44 29 47·]6 
+ ·04 - ·03 04·22 33 47"!19 
+ ·(J3 - ·02 57·40 42 41"16 
+ ·02 - ·02 22 ·18 60 06·01 

·oo - ·04 19·201 57 02·!)9 
·oo - ·02 0!)·85 14 00 53·62 

- ·02 - ·02 02·03 07 45·76 
- ·04 -·02 15·101 21 58·83 .... . . - 05 - 03 5, 23 
- ·o,. - ·02 03·471 

27 41 04 
40 47·221 
45 33-49 - ·os' - ·02 49·83 

c=-•·1 9 
Chronometer correction n.t H" 03m= _4m 16' ·254±'·009 

ci 

1 

0 ... ~ "'.., 
'o; ~ 
5 .. t·. oo 

1 "<) 
0 .... 

-"' 
0 

------
m. e. S. 

- 4 ]6·291+ ·04 
·27 + ·02 
·31i + ·06 
·2s; + ·os 
·23 - ·02 
·24 - ·01 ·17r ·os 

·21 -·04 
·23 - ·02 
·271 + ·02 
·27 + ·02 
Hl - 06 

·2o ·oo 
·34 + ·09 

1 
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SESSI ONAL PAPER No. 25b 

TRA~SIT OBSERVATIONS. 

8tation : Suv.\. Date, .June 2-Hh, 1903. Observer: Ül'TO KLOn. 

-~ 
= -~ 0 g 0 ... --

- >, = = 0 
~1, 

Transit ê-~ . ] <>"' 0 f,; t Star. ""' -~ ~ R. A. on·r mPan of · ~ ~ +" o! 

,,, __ 
v. 

" s """' 0 C, 

threads. o5 ::. ; g§ " C) s 
'ê 

>Î $ 0 a > .......... "N +" a; b ..ë Q)(l, ~ ~ 

ô ,-< <tl 0 P::. 1 < w 0 

b. m. S. S. S. S. 1 r =~·12 S. h. m. "· m. S. S. 

E 31~<,'lll';l'-._-· ·· · 1 12 ~; 2!:l! + ·12 - ·5() - ·2t + ·07 - ·02 20-r,o 12 4r, 60·04 - 4 2o·oc +·oo 
li \ 1rgm1, .. . . ,XJ Oc, 62 +· 14 -·2l - '19 +·oc; - ·02 05'3ï 50 H·9Q ·-n - ·03 
• \ ~irginis ..... 13 OL 43 ?î l + ·13 - ·32 - ·rn + ·05 - ·02 43·22 57 22·73 ·49 - ·01 
li \ irrms .. . . . 09 18'34, + ·J.t - ·15 - ·19 +·04 - ·o:i 18·1G' 13 0-1 57·6\i ·4~ - '03 
y !Iy rre. . . . . . 18 01 · li8 . +· 16 + ·06 - ·20 + .02 -·o~ 01 ·701 13 41'25 ·45 - ·05 
, Centauri . . . . 19 :li ·63 +·li + 2-1 . __ ·23 + ·02 -·02 31 ' 81 15 11 ·22 -59 + ·09 
a Yïi-gini.s ... 2-1 27· 

01 
+· Jt, - ·os - ·191 + ·01 - ·02 27'üï 20 07·18 ·49 - ·01 

1 
\V 1 Virgini . . . 34 07·ï7 - ·01 - ·20 + l!l - ·01, - ·02 07·72 2:) 47 15 -57 + ·07 

, Centauri .... 3S Oï'f,8 - ·01, +·[if) +· 30 - ·02 - '03 08 ·-n 33 47·95 '46 - ·Q-1 
m Virginis . . 40 53·9() - ·01 - ·111 _,_ ·19 - ·02 - ·02 5-1·021 36 33-52 ·50 ·oo 
, Boüti~ ...... 47 01 · 1 - 01 - ·4or + 20 -·011-·02 01'671 42 41 '13 44 - ·06 
1 Cent,iuri .... 63 52·5] - ·01\ 

+::I 
+· 27 - ·05 - ·03 6'l•H 49 32 621 -52 t-·02 

T Virginis .... 14 01 05 49 - ·01 , + ·19 - ·Q(i - ·02 05-37 56 -14'85 -52 + ·02 
-rr Hyclr:.e ..... 05 13·85 -·011 + ·10 + ·21 , - ·011- -02114·061 14 00 53·60 ·46 - ·0-1 

1 

ci= +• ·643 c= -• ·187 
Cbronometer correction at J.3h 28"' = - 4"' 20' 501±' · 009 

w ~ Booti, . Bootis ..... . . 
p Bootis ...... 
a Circini .. . . . . 
,2 B()(itis . _ ..... 
a. Librœ ....... 

E fl Librœ ...... 
20Librœ . .... 
y, B()(itis . ..... . 
,, Librœ .. . .... 
fJ Librœ . ... .. 
fJ Triang. A.ust. 

14 15 37·02 + ·03 - ·33 + ·2() + ·O!J I- ·02 35-99114 11 16·27'- 4 20·72 
26 19"60 +·03 - ·:i3 + ·20 + ·07 - ·02 19 55 21 58'81 ·74 
32 01·86 + 02 - ·64 + ·21 + ·06 - ·03 01 ·n1I 27 41 ·02 ·59 
39 04·5(, +· 05 + ·85 +· 44 + '04 - ·02 05·92 3-1 45·191 ·73 
45 07·99 + ·02 - '41 + ·21 +·031-·02 01·s2i 40 47·21 ·61 
49 53'98. + ·03 - ·02 + ·20 ; ·02 - ·02, 64· 19 45 33·49 ·70 

55 ô3'7fl + ·21 1 - ·07 - -19 + ·01 - ·02 53·73 51 32'98 .75 
15 02 47'26 + ·23 + ·(l,7 - ·21 ·oo - ·02 47·33 58 26'62 ·a 

04 40 ·81 +· 17 - ·41 - ·21 - ·01 - -02 40'33 15 00 19 '60 ·73 
110513 r~rl + ·01 - ·20 - ·02 - ·02 0:1·12 06 44·47 '65 
16 10·83 - ·os -·· rn - ·03 - ·02 10 ·72 11 49·96 '76 
51 01·57 -t,i, 3-1 +· 78 - ·42 - ·10 - '04 02·13 46 41'53 '60 

a=+•·506 c= -•·189 
Chronometer correction at 15" 00"'= - 4"' 20•.691±''01:l 

+·o 
+·o 
--1 
+·o 
-·o 

3 
5 
0 
4 
8 
1 + ·o 

+· o 
+· o 
+ ·o 

6 
2 
-! 
4 
7 
9 

-·o 
+· o 
-· o 



104 DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station : Suv A. Date, June 25th, 1903. Observer : ÛTTO KLoTZ . 

. èO ,.; ci .... 0 .., 
g 8 ]~ 

Transit "Cl"'° ci ô c:·~ 0 <>o .,- . -" ·.;; .., Aé Star. over u.ean of d~ .., ., :;:; ~-; R. A. -o t' • 
d, threads. - ;; ~ " _§ 

., 8<> s s 2l 
.... gë ~ c,< __ 

.8 g ., 
Q) QJ ::l. "N ;g d al"'° ô ..... ~ 0 p:: < :n 6 

- -------1------- ----,--
h. m. S. s. s. S . 

S. 
r= - ·12 s. h. m. a. n,. S. S. 

E .ï Virginia ..... 13 3-1 10-27 +·07 -·u1 - ·161 + ·os!- ·02· 10· 10 13 29 47·14 -4 22·96' + ·01 
E Centauri ... . 38 10'63 + 10 +·41 - '26 + ·07 - -03! 10·92 33 47-93 '99, + ·0-1 
m Virginis .... . 4(, 56 ·[,-! +·07 -·07 - ·16 + '06 - -02 56 42 36 33·51 ·91 - ·0-1 I" Bootis ........ 47 04-50 + ·06 - ·21 -·17 + '05. - ·02 0-1·15 42 41 ·13 23·02 + •Oï 
ï Centauri .. ... 53 55-34 +·09 + ·32, - ·23 + ·0-1 - ·03 55-53 4!J 32·61 22·92 - 03 
r Virginia .... 14 01 os-03 + ·011 - ·.15 - '16 +·021- ·02 01·79 56 44·84 ·!J51 ·oo 
-rrHydrie .... 05 16·5-! + ·os, + ·os1 - 18 + ·01 - ·02 16·51 14 00 53-59 ·!)2 - ·03 ''f , .. ,.,, 12 08·63 - ·03 - ·o81 + ·rn ·oo - ·02 o8·G6 07 45·72 ·94 - ·01 
a. Botitis ..... . . 15 39·-U - ·02, - '30 +· 17 - ·01 - ·02 3!)'23 11 16"27 ·9G +·0l 

Booti8 ...... 26 21 ·99 - ·02 - ·30 +·u - ·03 - ·02 21·79 21 58"80 ·!)!) + ·0-1 
p Bootis ....... 32 0-1·29 - ·02 - ·471 +·20 - ·0-1 - ·031 03-93 2ï 41 ·01 ·021- ·os 
e2 Bootis ..... . 45 10 ·-15 - ·02 - ·37 + ·18 - ·07 - ·02 10·15 40 47· 19 ·!)6 + ·01 
a. Librœ ...... 49 5C ·41 - -03 - ·02 + ·17 - ·07 - ·02 56·4-! 45 33·481 ·!J6,+·01 

1 1 1 

a= +•·456 
Chronometer correction at 14" 12m= _ 4m 22• ·952±''008 

- ·011 - ·071 

1 

+ ·J_ ·02 w (-' Librœ . . .. 14 55 55 -93 +· 20 56· 14 14 51 &2·!)8 -4 23·1û ·oo 
20 Librœ ...... 15 02 49·38 - 01 + ·07 + ·211 + ·]O - ·02 49-73 58 26·Gl ·12 - ·0-1 
,/; Bootis . . .... 04 42 "85 - ·011 - 441 + ·22 +·10- ·02 -12·70 15 00 19·5!) ·11 - ·05 
,, Librœ .... 11 07·3G - ·01 + ·011 + ·20 + ·os - ·02 01·62 06 4-!'46 ·16 ·oo 
/3 Librre . 16 13 02 - ·011 - ·oo + ·19 + ·07 - ·02 13·16 11 49·9:1 ·21 +· 05 
.(1 Librœ .. . . . 27 13·08 - ·01 - ·02I + ·20 + ·05 - ·02 13"28 22 50-09 ·19 + ·03 

1 

E /3 Triang. Auat. 51 03·96 + ·2s1 + 341 - -43 ·oo -· ·0-1 0-1·61 -16 4Uil ·10 - ·06 
li Scorpii .... , . 59 02·26 +· 191+·05! - ·21 - ·ol - ·02 02·26 54 39·07 ·19 +·03 
(31 i'lcorpii ... . .. 16 0-! 14·25 + -19 + ·021 - ·20 - ·02 - ·02 14·22 59 50-93 ·29 + ']3 
a Scorpii ...... 27 54·12 + ·19, + · 091 - ·21 - ·07 - ·02 54·10 16 23 31·01 ·09 - ·07 
À Ophrnchi ' ... 30 27-57 +·17 -·19 - ·19 - ·os - ·o:;: 27 "26 26 0-! ·10 ·16 ·oo 
ï Ophiuchi . ... 36 15·50 + · 18 - ·o81 - ·20 - ·09 - ·02 15'29 31 52'08 ·21 + ·05 
e Scorpii ...... 48 19 ·63 + ·201 + '18 -·23 -· 11 -·&2 19·G5 43 56'54 ·11 - ·05 

I 1 

c= -• ·192 
Chronometer correction at 15h 52m= _4m 23•· 162±•·013 



ix REPORT OF T HE CHIEF ASTRON OMER 105 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIO:N'S. 

Station : ScvA. Da.te, August lltl, , Hl03. Observer : Orro K1.o•r1,, 

l
,é!. ~ ,J 1 

. "O+;I ,-i • ~t> 
Transit . ; ~ . .3 -~ Ô .; E t! 1 

ci. Star. ov~1;:~:d~. of~ .. ).! 1 8 t f ~ R. A. 1 g 8 1 i-. 

] s Cl) :i. -~ ~ i ] g f ] 
O >--< -<: 0 p! -11 J.l~ 0 

- -----~~ -s-. - ,-s-. - --s-. - 1r = i· •09-1 -~ --t~-:~-:-·-s-. -i--:--
7/ Ophiuchi .... 17 0513 "9 1 +· H i -·02 - ·23 +· 06 -·02 13·87 17 04 51·9-t -2l ·!l3l+·07 
ô IIerculiL .... 11 27·55 + '111 - ·37 - ·24 + ·05 - ·02, 27·08 11 05·23 ·85 - '01 

l,3 Ar::e.......... 17 -10 ·55 + ·rn +· 621 -·39 + ·041-·04,. 40'87 171 ·9 ·8!J,+·o3 
rr Ophiuclli.. .. 22 07"02 + ·12 - ·lù - ·22 + ·04 - ·02 06·75 21 4-1·87 ·88. + ·02 
l\ Scorpii....... 27 2G·89 +·ml +· 20 -·28 +·03 -·03 26 97 27 05·09, ·88'+· 02 
jct Ophiucbi. .... 30 50·82 +· 11 -· 2;y -·23 +·02 -·02! 50·45 30 28·60 85 ' -·01 
7/ P:1,onis . . 3G 40·09 + ·13 + ·83 - ·52 + ·01 - ·05• 40·-19 36 18·69 80 - ·OG 

W 89 H ercu lis.... . 5155 03 -·O.J./ -·381 +· 25 -·01 -· 021 5-J,83 5133·04 ·7!) -·07 
v Ophiuchi. .. .. 54 06·18 - ·051 - ·07 + ·22 - ·02 - ·021 06·24 53 4-1·35 ·89

1
+ ·03 

}'2 Sagi~tal'i_i.... 59 ,'59·96 - ·06 + ·12 + ·26 - ·03 - ·021 60·23 69 38·27 ·96 + ·10 
,2 Opl11uch1. .... 18 03 09·90 - ·0-1. - ·231 + ·22 - ·o3,- ·02 09·30 18 02 47·93

1 

·871+ ·01 
1µ.Sagitta~ii ..... 0823·00 -·05 + ·02 +· 23 -·o-1.-·03123 ·131 <'801·21 ·92+·06 
7/ erpent1s.. ... 16 42·33 - ·04 - ·13 + ·22 - ·o5,- ·03 42 ·30 16 20· 53 ·77 - 09 
lct'l'elescopii .... , 2012 ·Go1-·0GI + ·331 + ·32 -· 0G1-· 02 13'11 19 51'30 ·s11-•05 

a= +•· 489 c= -•· 222 
Oh ronometer correction at 17h 43m= - 21 • · 863±' · 011 

• 

, 



06 DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD VII ., A. 190& 

TRANSIT OBSERV ATJONS. 

Station : SuvA. DatP, August 14th, 1903. Ob·erver: ÛTJ'O KLOTZ. 

Star. R.A. 

-- _______ , _______________ --------- -- -

h. m. ~- 1 s. s. 

E 'e H erci1l~s .. .. 1 16 57 03·701 - ·o!J - ·49 
ô Hercuhs ...... 

1

17 11 32·00 -· 09 - ·42 
l~Arœ ....... 174t·9G -·16 +·59 

W 1'1 Se1pentis ... ,. 18 16 4(;·951 - ·15 - ·15 
a Telescopii .... 1 20 17·07 - ·20 + ·38 

S. 
S . r= - ·QS S. 

- ·211 + ·o; - ·02 
- ·20 + ·061- ·02 
- ·31 +·05-·04 

+· 18 - ·03 - ·02 
+·26 -·0-1-·03 
+ ·20 - ·0-1 - ·o:i 

h. m. s. 
02·!)6 16 56 36·85 
'.!1'33 . 17 11 05"181 
-15·09. 1; 1s·1n 

46·78 18 16 20·50 
17·44· rn 51·26I 
28'!)2 22 02·55 À Sagittarii... 22 28·871 - ·171 + ·o~ 

a Lyrœ 34 os-,o
1 

- 1.1 - 60 + 23 - ·oo1- ·03 08·14 
2 A

0

qui1~::::::: 37 27·3J - ·l(j - ·09 + ·18 - ·06 - ·02 27 24 
33 42·01 
P.7 01-os. 
43 19 ' 72 ' 
49 18 72 

S. . S. 

- 26·111- ·OG 
·15 - ·02 
·1s + ·01 

·2. +· n 
·1 l+ ·01 
'2ï + ·10 
·13 - 04 
·1f>1- ·01 
·10 - ·07 
·2,; + ·os 

1 

À PaYoni~ .. . 43 44·9G, - ·25 + ·84 + ·38 - ·07 - ·04 45: ?\ 
rr Sagitt.arii .... 49-H·flf>j -·1s

1 
+·09 + 201 -· 071-·02 ,w97 

--'--------'------'----''------'-----'---_;._- - -~---------

w 

E 

et= +•·560 c= -•·178 
Cbrono,neter correction at 17h 53m= - 2ô' · 173±' · 017. 

-y Aqnihe ....... 19 42 08·67 1 + ·04 - ·2s! + ·ml . + 08 - ·02 08"65 
a Aqu1lœ. . . . . . 46 32·77 + ·03 - ·3-1 +·16 + ·07 - ·02 32'67 
, Sagittarii ..... 

1 

49 04 · 35 +·05 + ·30 + ·22 + ·07 - ·03 04·96 
a Pavonis . . 20 18 29 · 08 ' + '06 + ·6:3 + ·301 + ·03 - ·04 30'08 
p Cr.pricorni .. . · 23 4!1 · 66 ;- · 04 -·oo +'l'i + ·02 - ·02 -!9 •8ï 
c D elphini ..... 29 04·57 + ·04 - ·28 + ·lG + ·011- ·02 04 "48 
a D elphini ..... 1 35 37·8!) +·03 ·- ·32 + ·17 + ·01 - ·02 37·76 

< Aquarii .. 42 55·53 + ·3] .. ·o81 - ·]6 ·Ol, - ·02 55·5s 
µ Aquarii ...... 47 55"26 +· 3[ - ·os. - ·lG - ·01 - ·o.:i l 55· 30 
r Piscis Aust . .. 55 50·52 + ·36 + · 17 - ·19 - ·02 - ·02 50 82 
a. Eq t1t\lei .. _. .. . 21 11 28'57 + ·29 - ·22 - · l(j - ·0-1 - ·02 28'42 
1 C:ipr1corm ... . 
( Pegasi ...... . 

21 3;·75 + -31 + ·05 - ·181 
39 55·31 + ·28

1 
- ·21 - ·ml 

c= -• · 161 
Obronometer correction at 20h 40m= - 26•· 441±•·015. 

19 41 42 '14 
46 06 '34 
48 38·4:3 

20 18 03 ·69 
23 23·33 
28 38·09 
35 11 ·33 

42 w ·o3: 
47 28·85 
55 24 ·4{î 

2111 01 ·!)5 
21 11 ·45 
3!l 28'751 

-26·51 + · 
-33 - · 
·51 +· 
·3!) - . 
·:34 +· 
·3!) - . 
•43 - · 

55 + 
·45 +· 

Oï 
11 
07 
05 
10 
05 
01 

·36 - · 
·47 + · 

11. 
01 
08 

1 

03 
·44 '00 
-37 - ·07 

• 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSER \ ' ATlONS. 

Station: SHA. Date, August 17th, 1903. Obserl'er : O·rro Kr,oTt.. 

1 
Transit ! Ê 1 -~ g ~ ~ if 

Star. over meanof d?, .:1 -= ) d -~ ~";ij R.A. 15 6 1-. 

é. 1 tbrtads. 13 ~-~ ] ] ~ ~ g a 
I 

g '-' 
] é'.: (l) ~ - 'N ô ~ .3 ~ h ~ 
o 1 ,-J 1 <1 1 0 r:è <!1rn c., -- -----!-------- ---.----·---1--____ , __ , __ 

1 h. m. ~- s. 1 S. 1 s. r= ~ ·os s. 1 1 h. m. S. 1 s. 1 ~-

E 11Scrpentis ...•. . 18?652}Q' +:061- ·13. -·J.8

1 

+:nï -:0251:~l 181H20:4~ -31::in+:09 
et Lyrœ......... 3-l 13 ,1, + 0-l - · ;34 - ·!n + 0-1. - 03 13 _, 33 41 \l, 30 00 
2 ,\qnilre.. . .. 37 32·J7 + ·Ofi -· 08 -·18 +·0-1 - ·02 32·2() 37 Ol·OG ·23 - ·07 

,À P:1vonis..... . 43 50·4 f + ·os , + ·,r, - 38

1 

+ ·03 - ·04 50·S!J 43 19-r,5 ·24 - ·06 
(T!-,agittarii ..... 4950·13 +· 06, + ·os, -·20 + ·02,- ·02 50·0ï 4!JJ8·,o •3ï+•07 

W 1rSn.gittarii . . ... 19 04 34·5()[ - ·lü +·031 + ·lfl -00

1
- -02 3.Jc·G3 19 0-103 ·32 ·31 +· 01 

et ~q':'ilie...... . -tfl 37·88, - ·12 - ·31

1 

+ ·18' -·Oi) - ·02 37·5G, 46 OH ·331 ·23 -·07 
, ~ag1ttar11 . . · 1 49 0!1"-l~ . - ·18 -l' ·27 + ·2.Jc - ·Ofi1 - ·03 O()·(;!J 48 38 41 ·2 - ·02 
/JAquilre ...... . . 5107·76 - ·14 -·21 +·18' -·OG-·02 07·511 503~20\ ·31 ,+· 0l 

1
c ::;ug,ttarn. ... 57 1c·77 j - "1'7 + 10 + ·20j __., o, - ·02 16·s1 56 4J·-1n

1 
·3:il+ ·02 

ci= +• 009 c= -•· 175 
ChronC>meter correction at l9h Q6m= -31•·299±•·013. 

W 
1

0 Aquilœ ... ... 20 06 52 ·()7I _.J - ·15 + ·231 +· 09 - ·021.32 ·9sl 20 06 21'-111 -31 ·57 + ·n 
et1 Capricorni .. . . 12 61'191 - ·15' -· 0.3 + ·23 + ·os - · 02 51 · 2-8 12 19 · 86 ·42 - ·04 

let •Capricorni .. . . 13 15·37 - ·15 - ·05 + ·23 + ·os - ·02 16'461 12 43"!12 ·M + ·os 
et Pavonis ...... 18 3-l·l9 - ·22 + ·60 + ·-11, + ·os -· o-t 35 ·02 18 03 ·69 -33 - ·13 
p Capricorni ... 23 54·79 - ·rn ·oo + ·24 + ·07 - ·02 54-92 23 23-34 "58 + ·12 
,et lndi .. . ....... 31 20·061 - ·20 + ·38, + ·33 + ·06 - ·03 20·60 30 49 14 ' 46 ·oo 

E /3 Aquarii ..... 21 2ï 02·361 + ·06 -·ni - ·231 - ·u2 - ·02 02 04 21 26 30'6.8 ·36 - ·10 
'Y Gruis ........ 48 3tl'71 + ·os + ·22 - 291 - ·04 - ·03 38"65 48 07·1() ·46 ·oo 
et Aqnarii., .... 22 01 23-37 + ·06 - ·16 - ·23 - ·06 - ·02 22·!)6 22 00 51 ·56 '40 - ·OB 
, l't>ga.si ... . . . 03 05 ·41 + ·05 -·39 - ·25, - ·07 ~ ·02, 04 73 02 33·29 ·44 - ·02 
et Toucani .. . ... 12 27·38 +·10 + 73 - '46 - ·os,- ·04 21 ·G3 11 56·08 ·55 + ·O!) 
'Y Aqua.rii ... .... 17 14 ·00 +·Oü - ·15 - ·23 ' - ·os - ·02 13·5s 16 42·19 ·39 - ·07 
<T Aqua.rii .... 26 06 '00 + ·07 - ·06 - ·23, - ·o9 - ·02

1 
05-73 25 34 27 '46 ·oo 

1 

«= +• ·524 c=-•·225 
Chronometer correction at 21h J5m= -31•·461±•·017. 
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5-6 EDWARD VII. , A. 1906 

TRA SIT OBSERV A.TIONS. 

Station : Sov A. Date, August 19th, 1!103. Observer : ÛTTO KLOTZ • 

. èO . .; ci ... 0 
I>, 0 

'-' s.."l:i 

Tran8it 
ro .-: ci ci 0 .l'l al 
"- "-,.. 

..d -~ ·3 Star. over mP:tn of -1! ~B ., 
R. A. 85 ., <'l 

,,, __ 
t'. 

~ 
<'l "O ,,, 0 '-' 

~ 
0 - -----

E i72Ophiucbi ..... 
71 Serpen t1s. . .. 
(L Telescopii . ... 
IÀ Sllgittarii .... 
a. Lyrœ. . . . . . 
<T Sagittarii .. . 

w l Hagitta , ii ... . 
C i:laÎittarii ... . 
f De phini ...... 
(L Indi .. . ... .. .. 
(L D elphini. .. . 
• Aquarii ..... . 

w 0 Ca.pricorni .. 
ç Cygni .. . 
p Aquarii .... .. 
f Aquarii .. 
'Y Capricorni .... 
, P,Jgasi ..... . .. 
ô Capricorni ... · I 

E 10- Aquarii .. .... 
f3 Gruis ... . ... 
71 Pegasi ....... 
À Aquarii . .. 
Ô AquMii .... . 
a Pis~is Aust . .. 
et Pegasi . ... 

threads. - :::: 0 " e 
~ C'.:: E: 2Î 

;: "" 
~ 1 

0 <'l .N "' g~ """" " .D 
H < iZ ...,j U1 

-------- --------
h. m. S. s. S. 

s. s. h. m. s. r = - ·09 
18 03 22·4ï + ·02 - ·22 - ·18· + ·121- ·02 22 -101 18 02 47 "87! 

1G 55·0!) + 03 - ·12 - ·18 + ·10 - -021 54-90 16 20-45 
20 25 32 +· 03 + ·32 - ·26 + ·09 - ·03 25·47 l!J 51 '19 
22 36 "93 + ·03 + •ùï - ·20 + ·onJ- ·02 3ü•9o 22 02·60 
34 1(;·88 + ·02 - -51 - -23 + ·01 - -03I 16·20 33 -11-94 
49 53-05 + ·03 + ·os - ·20 ..,, -··'I ""I 49 18·68 

19 -19 ]2·fi5 -' 17 + ·26 + ·24 - -0-1 - ·o3 12 -s1 rn 4S 33-43 
57 19'8:i - ·16 +· ov + -20 - -05 - ·02. 1!)·9] 56 fi 4!1 

20 20 12·70 - -13 - ·23 + ·18 - ·10 - ·02 12-401 20 28 38 ·09\ 
31 23-01 - ·1s +· 35 ' + ·26 - -10 - ·03 23 ' 31 30 49 -14 
;fj -l) ·!)4 - ·12 - ·27 +· l!J - ·ll -·02 45·Gl 3:5 11-33 

c= -'· ]79 
Chronometer correction at 19" 23m = - 34•· 317±'" 01i 

21 01 Oï ·86 - 13 - ·011 + ·21 + ·0!J - ·02 08·00 21 Où 33 ·31! 
0!l 25 -71; - 0(.1 - ·43 + ·23 -'- "08 - -02 26·53 08 51 ·9!) 
27 05 18 - 12 - · l] + ·iw +·05 - 02 05"18 26 1!0 ' 69 
33 13' 31 - ·12 - -09 + ·20 + ·04 - ·02 13 '32 32 38 ·8t 
35 21·11 - -13 - ·01 + ·21 +·04 - ·02 21·21 34 46 ' 63 
40 03 ' 43 - ·n - ·24 + ·20 + ·031- ·02 03 29 39 28·78 
4'.l 19·!J4 - ·13 - ·02 l + ·21 + ·03 - ·02 19'41 41 -11 ·83 

22 26 o,·9s + ·211 - ·06 - ·21 - ·04 - -02 08'86 22 25 34-29 
3i 30·69 + •2ï +· 37 - ·30 - ·06 - ·o::i 30·!H i 36 56 ·42 
39 oG ·os +· 16 - ·43 - ·23 - ·06 -' 02 05 ·50 38 30 '9ï 
48 11 -33 -i ·201 - ·09 - ·20 - ·07 - -02 

11 ·151 47 36'63 
50 03 ·22 + ·21 - ·02 - ·21 -•0ï -· 02 0 ·11 4!l 33·5-1 
52 55-47 + ·2R + ·12 - ·24 - ·os - ·0.1 1-5· 48 52 20·!)5 

23 00 3-1-20 + 18 - ·2u - 21 - ·09 - ·02 33-771 59 59'1!! 
1 1 

«= +• ·505 c= -•·203 
Chronor.,eter correction at 22h 00m = -3-!•·551±'' 009 

" 0 ,.. 
6 1 

1 -
s. S. 

-34"32 00 
3 
4 
2 
G 
1 

-45 - -1. -23! _ ·o 

!li= g -31 - ·o 

·3s + ·o 
· -12 +· 1 
-31 

G 
0 
1 
5 

-·O 
·17 -- 1 
-2 - 04 
-34 + ·02 

- 3-l·G6 + ·11 
·5-l - -01 
·-19 - ·06 . '4 - ·07 
·571+ ·02 
·5J - ·0-1 
·58 + ·03 

·57 + ·02 
·52 - ·03 
·53 - -02 
·52 - ·o3 
'5i + ·02 
-53 - -02 
·58 + ·03 
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SESSIONAL PAPER No. 25b 

TRANSI1' OBSERVATIONS. 

Station : "luvA. Date, August 21st, 1903. Ob~erver : Ü'l.'TO KLOTi. 

Tran.it i~l . 
1 

g g ! ;·i ' 
Rtar. over tnean of ce ~ 2 = -~ -~- ~ ·i R. A. 5 8 1:. 

;:: 

1 

th reads. ,; ; ~ g . !: .; ~ ~ ~ 1 5 
;; ~ c:(Ë. -~ ~ ~ ]5 g.!; ,2 
ô ________ (~ < 

1 

o ~ _--: _ rn I ____ o_
1 

__ _ 

\ b. m. s. s. s. 1 ~- r=".:,·lJ. s. h. m. s. s. s. 
E -y2 Sagittarii ... . 18 00 rn·49 +·28 +·151-·2(; +·u,1-·02 15·ïl 17 59 38·15 -37·5G1+·0!J 

720phiuchi ..... 0325·51 +·22 -·28 -·22· + ·01 - ·n2 2.5·2s 180247·84 ·.J..11-·03 
µ. Sagittarii.... 08 3~·47 + ·27 + ·02 - ·24 ➔ ·Oü - ·02 38·5G O 01 ·11 ·,t?,. - ·02 
'7 Serpentib .... 1G57·(l8I +·241-·16I -·•)?' + ·04-·02 57·8(i 1620·43 ·43 - ·0-1 
a Telescopii. . . 20 28'1\l + ·32 + '-tO - ·321 + ·01 - ·03 2S·(j0 19 51·15 '451- ·u2 
:\ Sagittarii.. . 22 3!J·S9 + ·28 + ·o , - ·2-1 + ·o3 - ·02 4o ·n2 22 02·57 · 45 - ·02 

\Va Lyne ..... . 3419·761+ ·01 - ·6J +·28 ' + ·01J- ·o;i J9·391 3341·90 4) + ·02 
2 Aquilie... ;,;-3834 +·01 -·10 + ·22 + ·01 -· 02 38·46 3701·02 '44-·03 
\ Pa,·onis..... 43 55"68 + ·02 + 92 + · -17 - ·01 - ·0-1 57-0-1 43 19-57 ·4; ·OO 

S g·tt .. 1 49 55·88 + ·01 + ·10 + ·23 - ·02 - ·021 56·20
1
' 4!l lS ·hG ·5-1 + ·07 

•(]" 'a 
1 

am.··· 55 53•73J + ·01
1 

- ·3-1 + ·23 -· ·03 - ·02 53·68, 55 1G·17 ·41 - ·Oü i 1.i~w::.-. ·_ ·. -- · 19 01 37·69 + ·01l _ -14! + -22 _ -0-1 _ ·021 37-72 19 01 00·11 , 61 + ·14 
.,,. S,,gittarii' '.. 0-1 40'H I + ·01 + '03 + ·2-1 - ·0-1 - ·o21 40'6(i 04 03 28 ·as - ·O!) io Aqnilœ ...... l 2117'23 + ·01 -·22 + ·22 - ·01 -·02 17 "15 !W39·69 '46-·0l 

c= - •·220 
Chronometer correction at 18h 40m = - 37• · 470:±' · 013. 

W \p Aqt!ihe. :: . . . 19 51 l3·(j41 + ·09 - ·21 + ·2., I + -01I- ·02 13 82 19 60 36 18 -37 ' 64 + ·01 
c S,i.g1ttar11 . .. . 57 22 "56 + ·1] + ·10 + ·2s + ·OG - ·02 23 "09 5G 45·48 ·G1 - ·02 
0 Aquilœ ....... 20 06 5$'88 + ·10 - '15 + ·251 + ·04 - ·02 59·10 20 06 21'40 "70 + ·07 
Ja1 Caprievrni .... 12 57·22 + ·10 - '05 + ·25 + ·03 - ·02 57 ·53 12 19'85 ' 68 + '05 
a2 Capricorni ... 13 21·29 + ·10 - ·05 + ·25 + ·0:1 - ·02 21 ·fiO 12 43'()2 ·GS + ·05 
a Pavonis ...... 18 40·03 + ·14 + ·ü9 +·46 + ·02 - ·0-1 41 '20 18 0:1·61 -53 - ·10 
p Capricorni . . .. 24 00·67 +·n ·oo + ·261 + ·01 - ·02 01·03 23 23"33 ·70 + ·07 

E < Deli;>hini .... . 29 15-97 + 35 - ·25 - ·25 ·oo - 02 15'80 28 38·08 '72 + ·09 
a Ind, ..... . . . . 31 26'38 + ·51 + '371 - ·40 ·oo - ·o:i 26·831 30 49'13 ·70 + ·01 
a. Delpbini ..... 35 49']3 + ·34 - ·2!) - '26 - ·01 - ·02 48·89 35 11 33 "56 - ·07 
< Aquarii . . .... 43 06"72 + "37 - ·os - ·2;; - ·02 - ·02 06'72 42 20·04 "68 + ·05 
r Piscis Aust .. . . 56 01·86 + ·45 + ·15 - ·30 - ·05 - ·02 02'08 65 24'48 '60 - ·03 
0 Capricorni . , . 21 01 10' 81 +·41 -·01 - ·26 - ·06 - ·02 10 '871 21 00 33·34 ·53 - ·10 
! 0ygni ..... . .. 09 29·99 + ·30 - '44 - ·2!) - ·O, - ·02 29-47 0851 ·9() ·4.8 - '15 

a=+•·513 c=-•·252 
Chronometer correction at 20h 30m = - 37•· 630±•· 015 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIO~ rs. 

Station: SuvA. Dat<a, August 22nd, 1903. Observer: ÛTTO K LOTZ. 

SLar. t'. 

'1 
E f3 Arœ .. . . . . 

u Ophiuchi. 
>.. Scorµii .. .. . 
a Ophiuchi .... . 
7/ Pavonis ... . 
f3 Ophiuchi . 

\V ')' Capr,corni .. . 
e Pegasi ....... . 
li ~ap_ricorni .. . 
-y (,rms .... . 
a Gruis ........ . 
l'Y Aquarii . ... . 

Chronmm·ter correction at H)h 4!Jm = -38• 894:±•·012 

w 1 
-39·27 ·oo 7/ Aquarii . . . 22 31 04 ·9G - ·02 - ·tG -i- ·21 +· os - ·03 05 04 22 30 25 -77 

;3 Gruis .... ... . 37 35·02 - ·02 + ·3!) + ·31 + •Oï - ·o3 :15·,4 3G 56·4G ·2s + ·01 
a P egasi .. . .. . 23 00 38·(;0i - ·01 - ·3ol .1:· 21 + 03 - ·02 38·51 [,9 59·23 ·2s + (Jl 

-y Piscium·. .. . 12 50·81 - ·02 - ·rn + ·n +· 01 - ·02 r,o ·so 2~ 12 11 ·1;2 181 - ·OH 
r Pegasi .. ... 16 33-17 - ·02 - -33 + ·23 ·oo - ·02 33-03 1:3 53·72 -31 -i- ·01 

E , Pisciurn .... . . 22 40 3ti + ·2s -·17 -·::n :_ ·01 - ·02 40 ·231 22 00·95 ·211 ·oo r .. ~,mo. 35 40·4SJ + ·28 - ·21 - ·21 - ·04 ·02 40 ·28 35 01·00 28 + ·01 
o Sculµ~oris .... H ;34 ·7!1 .,. 34 + ·ll - ·24 - · 05 - · 02 3! · !)3 43 55 -55 2lt -01 
,p P1•iras1. . . .... -18 rn·wj + ·:m - -341 

- ·22 - ·061- ·02

1

15 !JO ~7 36 G5 ·25 - ·02 
w Piscium ... 55 n2•1ï3 + ·2s - ·22 - ·211 - ·o; - 02 02·39 51 23 ·12 ·27 00 
2 Ceti .. . ..... 59 28·l)7 + ·32 - ·01 -·:u - ·os

1
- ·02 2s·66! 58 49 -40 ·2n - ·01 

1 1 
1 -

c=-• ·210 
Chrono1m•ter correction at 23" 15"'= -39•·2G6±•· 009 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Date, August 23rd, 1903. Obser\'er: Û1"1:0 KLOTZ. 

1 
1 Transit 

..... ..; 
.:: 0 5 
-0 >, = = 

<> ~..., 
0 0 ~:.: .n ..:, '_rj ·-5 .; 

Star. over meau of ce +5 ., d !" _!:·:n 

§" 1 threacls. ~ ~.Ë s .s ,; C ~~ 

'à 
..., " 0 ~ 

d 
"' " i:,. 

·.; d ..:, gz 
. ô 1-------- ..:l --.: 0 p::: -"1 rn 

---- -----
1 

h. r = ~ ·10 1 
1 

13 ·s1I 1~ Capri_corni ... . 

m. S. 
~- 1 

S. s. S. 

E 21 01 l3 ·85 + ·1 7 - ·01 - ·?4 + ·0G - ·02 
ç Cygm . .. . ... 09 32·98 ·12 - ·-iG - ·2G + ·o5 - ·02 32·41, 
a Equulei .... 11 42·71 -t ·1:ïl - ·21 - ·23 T •o~ - '02 42 "45 
/JL ::',ficroscopii ... 15 17'84 + ·1s +· 29 - ·30 +·04 - ·03 1s ·o2, 
t Capricorni . .. 21 51 ·9(; + ·17 + ·05 - ·25 + ·03 - ·02 51 ·94 
,:J Aqnarii .... 2711'30 + ·161 - ·12 - -23 +· 02 - ·02 11·11 
'f C"11ricorni .... 35 27 ·13 +· 17 - ·01 - ·23 + ·01 - ·02 27·0, 

w e i:ega_ i. . : .. 40 0!)·45 - ·121 - ·26 +· 23 ·oo - ·02 0!J ·2S 
Ô <.,nlJ\1COrlll. ... 42 25 "27 -·H - ·02 + ·24 - ·01 - ·02 25·32 

•'f Gru'" . .. . .... 48 47 ·3!) - ·l(j +· 23 + -~n ·02 - ·03 -n 10 l,oPeg~; .. . 57 03'98 - -1~ - ·29 + 24 - ·03 - ·02 Of> 7G 
a Aquarn . . .. 22 01 32'14 - 131 - ·16 +· 23 - ·04 - ·02 :32·0J1 
a Toucaui .. 12 33'6/i - ·20 + ·76 +· 47 - ·05 - ·04 36·60 
'f Aquarii ..... 17 22 ·94 - ·14 - ·15 +· 23 - ·oG - ·02 22·80 

Ct=+• ·543 
Chronometer correction at 21h :39m =-40' ·4Glt' ·010 

TRANSIT OBSERV ATIO :rs. 

R. A. 

------
h. m. S. 

21 00 ;13·34 
os 51 ·9s 
11 0l ·98 
14 37-47 
21 u·-î9 
2(i 30 ·70 
34 46 ·G5 

39 2 ·79 
41 44 '8-! 
48 07· 25 
5() 25'30 

22 00 51 ' 60 
11 56·17 
Hi 42 24 

- 40\1!+\1 
·,rn - ·03 
·47 + ·01 
·55 + ·o!J 
· -15 - ·01 
41 - ·05 

'42 - ·0-1 

·49 + ·03 
'48 + ·02 
·45 - ·01 
·16 ·oo 
·4:,? - ·04 
·4:r- ·03 
·5G + ·10 

1 

Station : Su\· A. Date, August 23th, 1903. Observer : Û1'TO KLOTZ . 

. éO 
~ ci 

Transit 'g:.: .2 _§ 0 d 

l

·o\·er mean of {'!$. d 2 ~ ~ ~ ~-'i 
threads. o: ;,§? § " ,; ~ " 

·- j ~e j"o. ~ 8 J <,: J5.., 

Star. R. A . 

, l h. m. s. _ s. s. s. r = ~ .
10 

-::-- -- -:-=-~ 
E aToucani .. . . . .. 221237 ·26 +· -15 + •!io -·501 +· 12 -· o-1 378!) 22 11 5G· l9 

17Aquarii..... 31 07·5-I +· 2(1 -· 13 -· 2-1 + ·0!J -· 0:l 0î ' 53 3025 ' ,II 

w 

t P eg:isi . . . .. 

1 

37 2'2 ·77 + ·27 - ·21 - ·25 + ·os - ·02 :?2 · 1;-1 3ii -IO ·!)I; 
11 P egasi . . . . . . . 3!l 13 -no + ·23 - ·37 - ·2s + ·os - ·0:1 12 ·G-1 3g 3t ·02 
• Gruis ::· · · ·· · 43 _20 -92 +· 40

1 

+ ·as -·311 +· Oï -· o3 2ï·35 42 45 ·7J 
À Aquarn. 48 18 37 + ·30 - ·o; - ·2-1 + ·oo - ·02 J8· ,t0 47 3G ·70 
ô Aquarii. 50 15·lï + ·3 1 - ·01 - ·25 + ·QG - ·02 i.-, ·21; 4U 33 ·60 

wPiscium ... 
2 Ceti 
a Andromeda, . . 
'f Pl.'ga.si .. . . .. 
a. Phœnicis ...... 
0 Andromeda, .. 
r, Ceti . ... .. 

23 5.'J 04 S!l - 01 - 18 + ·24 - · 05 - · 02 0-i · B7 
59 30 ·!13 - 01 ·oo + ·2.; - •0!i - ·02 31 ·ffil 

24 04 08 03 ·oo - -3,, + ' 2î - ·ou - ·02 07 86 
08 5!hil - ·01 - ·2-1 + ' 25 - ·07 - ·02 59 52 
22 13' 57 

- ·011 
+ ·24 + ·33 

34 63 ·!)~ - 01 - -33 + ·2;; 
39 27 81 - ·01 ·oo + ·2 

- ·0!) - ·u3 11 ·111 
- · 1 l - · 0~ 53 · î!J 
- 12 - ·o:.!1 '.J7·U0 

a=+•·431 c= -•·243 
Cbronometer correction at 23h 25nl= -4l •·G74- •·010 

23 5-1 23 · 17 
58 4U 45 

24 03 2G ·07 
os 17 '86 
21 32'48 
34 12·10 
38 46 ' 24 

s. 

- 41 ' 70 +· 03 
· 74 + ·07 
·G8 + ·01 
·(j;! - ·05 
·G~ - ·0-1 
70 + ·03 

•Gt.i - ·01 

'iO +· 03 
'64 - 03 
' ï!I + · 12 
·(j(j - ·01 
·ij3 - ' 14 
·(j9 + ·02 
·(j(; - ·01 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSE llV .ATIONS. 

Station: SUYA. Date, August 27th, 1903. Observer: Ü'ITO KL01'Z. 

1 .éO ~ C 
>i g ~-9 

1 

~~ d d $~ Transit ~,..:.; . .9 o o . a> f' 
O.. Star. over1neauoflc=~i 'Z ~ i rSJ -~ R.A. 55 v. 
s:l threads. ~~e ~ .ê · t ]fJ Q c> 

~ 1 t ~15. -~ ~ ~ ..8 g .,'.l ] 
6 i-------; m. :-- H 8• 1 : : r=~ -oS: • ~ ~=-:- 0

-:- - ~ 

E Iµ, H erculjs. ····117 43 25-39 + ·os , - --1~ 1 - ·27 + ·031- ·02·12-1·74 17 42 41·981 --12·76 - ·06 
89Hercuhs. . . . . 52 16·19 + ·os. -- ·45 - ·27 + ·02 - ·02 15-55 5J 32·79 ·76 -- ·06 
,v Ophiuchi...... 54 27·22 + · 10 - ·09 ·24 + ·02 - ·02 ~W-99 5~ 44 -15 ·8-t + ·oz 
y•Sagittarii ..... 18 00 20-99 + ·11 + ·15 - ·28 + ·01 - ·02

1 

20·96 59 :!8 ·05 ' ·01 + ·09 
i'2Üphiuchi.... . . 0331·02 + ·09 -· 28 -·24 _,_ -01,-· 02 30·68 180247·751 ·83+·01 
,uSagittarii... 084-t·00 +· 101 +· 02, -·26 ,-·oi' -· 02 43·85 0801·03 ·82 ·oo 
' 1 1 

W 11 Serpentis .... -•1 17 03 -33 - ·22 - ·15 + ·24 ·oo - ·02 03·181 lfl 20 -351 ·83 + ·01 
a 1el':'sco~i_i.... 20 33·42, - ·2!) + ·3!) + ·3.j - ·01 - ·03 33·83 19 51·05 ·78 - ·04 

1À 8ag1ttarn . ... 2245-31,-·25 +· os +· 27 -· 01 -· 02 45·3~ 2202·49 ·89.+·07 
aLyne .. ····I 342.ï·l9 -· 16 -·63 + ·31 -· 02 -- 03 2-1·66 3341·79 ·87+·05 
2 Aqmhe. . . . 37 43·8ü - · 23 - · Q() + ·24 - 02 - ·02 43 -74 37 00 95 ' ·79 - ·03 

__ i\Pavonis 4401·221-·3(l + 88 +·52 -· 03 -· 04 02·19 4319 ·41 1 ·7s1- 04 

et = +•· 586 c= - •·242 
Chronometer correction at 18h 13"'= - 42• 821::1::•·011 

\V 1• Aquwe... ·1' 18 55 5!J ·22I 

1

/; Aqnilrn...... Hl 01 43-201 
y, Sagi ttarii . . . . 10 2:3 · 01 
w Aquihe. . . . 14 01 · n3 
BAC 6632 20 47·84 

- 32 
- -31 
+ ·os 
- ·28 
+ ·58 

+·21< 
+ ·28 
+ ·30 
+ ·2; 
+ ·,16 

+ ·o-t - 02 5!J·o2 
+ ·0-1 - ·02 43-01 
+ -03 - ·02 22 ·17 
+ ·03 - ·02 01 ·74 
+ ·02 ·o-t l -1s·57 -

18 55 1G ·09 
19 01 00 ·05 

09 39-21 
13 ]8·84 
20 05-72 -

:a ·v~Ipecuire·.·: : 25 26·31 - ·l(; - ·421 + ·2!) + ·01 - 02 26·01 2-1 43 11 
Iµ, Aquihe ...... 30 07·261 - -19 - ·25 + -27 + ·01 - ·021 07 ·08 i!!l 2-1·22 

E 1c1 Sagittal'ÎÏ ..... 35 56 ·55 + ·l!ll - ·02 - ·28. ·oo - ·02 56·-12 35 13-47 
1--y Aq uilre . . ..... -12 21 35 + ·17 - ·2s -·271 'T 02 24·951 ,1 "'"I a Aquilœ .... 46 4!)·53 + -1.,I - ·3-1 - ·27 - ·01 - ·02 49·0-1 4fi 06·2G 
, 8agittarii.. . . 49 21 ·16 + ·23 + ·31 - ·36 - ·01 - -03 21 30 48 38·361 
i3 Aqnilœ ... . .. 51 1!) ·40 + ·lG - -23 - -z; - ·01 - ·02 19·03 50 36·]5 
r Sagi ttari i ..... 57 28 ·37 +· 20 +· u - -3,1 - ·02 - ·02 2 -34 56 45-451 
p Capricomi .. . 20 2-1 06·36 +.- 10 ·oo - ·2sl - ·0-11- ·02 06 "21 20 23 23 ·31 
! 

c= -•· 267 
Chronometer correction at lSh 40'"= - 42•·699±•· 010 

- 42 ·!)3 + ·03 
·96 + ·QG 
·!JG + ·06 
·no ·oo 
·85 ·05 -
· !)Q 
·86 - · 

-95 + · 

00 
04 

·89 - ·o 
05 
1 
2 

04 
·78 - ·1 
-94 +· 

·8 r ·o ·89 - ·o 
-90 · 

2 
l 

00 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: NORFOLK ISLAND. Date, August 14th, 1903. Ob ·erver: F. ,v. 0. \VERRY. 

1 

: ~ I .o~ d ~ ~ .j 
Transit ~-.... . r· o 'ë . (J) (J) 

Star. lover mean of • ~ .;1 .si · -:0 ·~ ~-~ R. A. § ~ 
"" threads. .i ::s ~ § . ê ,,; ::; c: ~ c: 

0 

g - ----1-----l] __ i_·s._, ~ 1 8 J 1 ~ l'; ----- ~-
v. 

E À Scorpii. , , . , , . 
241. . ....... . 
G0ù. .. .. 
11 Pavonis . .... . 
2-15 ....... .. 
24G ........... .. 

W 250 .......... .. 
253 . ... . 
tiOl. .... . .. . 
25-1 ... . • ..• . . .. . 

W 603 .......... . 
270 ............ . 
604.. .... . 
~ Sag[ttarjj .... . 
e Sag1ttarn ..... . 
, Sagittarii .... . 
283 . .. .. . . .. 

h. m. s. s. s. s. r= ~ .29 s. h. m. s. m. •· s. 

11 2s 04·15 +• oô +· 09 +· os + ·06 - 021 04·42 17 21 o5 041 -5tJ 3S
1
+· o3 

31 2s·oo + ·04 - ·;s5 +·07 + 04 - ·02 21 78 30 2s·52 ·26 - •09 
33 04 ·37 + ·05 - ·12 + ·07 + ·04 - ·02 04 39 32 (\5 ·04 ·35 ·oo 
37 16 · 96 + · 10 + · 70 + · 16 + · 02 - · 04! 1, · 90 36 18 GO 30 - 05 
39 4:i·20 + ·04 - ·2s + ·07 ·oo - ·02 43 ·011 38 43·61 j ·40 + ·05 
43 41"99 + ·03 - ·49 + ·05 - ·02 - ·02 41"57 42 42'17 40 + ·05 

5413·83 + ·02 - ·11 -·os -·01-·02 43 •52 534-1·21! ·2s :-·10 
56 49·81 + ·02 - · 27 - ·07 - ·07 - ·02 4!)'401 55 50·09 "311- ·04 

1s oo 37·s5 + ·02 + ·02 - ·os - ·09 - ·02 37·,01 59 3s ·221 ·4sj+ ·13 
o3 47·74 + ·02 - -33 - ·01 - ·11 - ·02 47·23 1s 02 47·ss ·35 ·oo 

a= +•·518 c=+•·067 
Chronometer correction at 1711 40m= -59•·348±'"019 

18 50 18·47 
19 02 00·35 

05 03'28 
10 39'16 
36 13 ·53 
49 38·21 
51 36 ·45 

r 
+ ·04 
+· 03 
+· 04 
+· 04 
+ ·04 
+ ·05 
+ ·03 

- ·03 
- ·39 
- ·os 
- ·04 
- ·12 
+ ·17 
- ·32 

- ·05! 
- ·05 
- ·05 
- ·05 
- ·05 
- ·06 
- ·05 

+ ·29 - ·02 
+ ·23 - ·02 
+ ·22 - ·02 
+ ·J9 - ·02 
+ ·07 - ·02 
+ ·05 - ·02 
- ·01 - ·02 

18'70 
00 · 15 
03-39 
3\J-.!8 
13 ·45 
38 ·40 
36'08 

1s 49 1s ·G9-1 00·01 + ·os 
19 01 00·14 00·01 +· 03 

04 03·30 00·09 + ·11 
09 39 ·32 0 59·96 - 02 
35 13 55 59 ·90 - 08 
48 38 '45 59-95 - 03 
50 36"18 59·90 - 08 

E 607 . . . .. 1 20 13 44·13 
608 ..... _ .. . 16 37·41 
<t Pavonis ..... . 19 02·84 
609 ..... . ... " \ 24 23 "61 

+· os 
+· 09 
+· 14 
+ ·09 
+· 07 
+· 07 
+· 07 

- ·25 
- ·22 
+• 7f> 
- ·1s 

+ ·05 
+· 05 
+ ·os 
+ ·05 
+ ·05 
+ ·05 
+· 05 

-·11 -· 0.2 
- ·13 - ·02 
- · 14 - ·03 
- ·16 - ·02 

43 "88 
37 ·18 
03"64 
23"39 
37 ·99 
29'01 
2s·s4I 

20 12 43·91 59•97 - 01 
15 37·32 59·86 - ·12 
18 03·69 59·95 - 03 
23 23 ·33 1 00·06 + ·os 
28 38 "06 0 59·93 - 05 
42 2s ·93 1 oo·os + ·10 
47 28·85 0 59-99 + ·01 

1

290..... .. .. .. 29 38·66 
297. .......... 4329·45 
p,Aquarii .... . .. 4S29 ·32 

- ·58 
- ·29 
- ·so 

- ·19 - ·02 
- ·25 - ·02 
- '28 - ·02 

<t 1 = +•·557 «2 = +•·875 c= +•· 045 
Chronometer correction at l9h 50m= -59•· 976±'. 016 

25b--8 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 
Station : NORFOLK ISLAND. Date, August 17th, 1903. Observer: F. W. O. WERRY. 

-~o 
?-, 

"Cl..., 
Tmn~it d'M 

..ci Star. over mean of ~-; .5 
~ ;;, thrE-ads. -oO 

8 ., "' f. > CF· -

"' 'N 
6 

., (1) p. 
H <tj 

h. rn. S. s. 1-s. 
w u Ophiuchi .... . 17 23 07"82 - -01 + -40 

7) Pavonis ... .. 37 43 ·12 - -03 - 1 -00 
245 .. . . . . . . . . . . . 40 06 '66 - -01 + ·40 
246 ... ........ .. 4! 05 -07 - ·01 + ·69 
250 .. . ..... ... . 55 07·47 - -01 + ·:!4 
253. . . . . . . . . . . . . 57 13-21 - ·01 +· 39 

E 601. ... 18 01 01 -47 + ·o; - ·02 
254 . .. ....... . . . 04 10 ·57 + ·05 + ·46 
255 .... ... 05 10·60 +· 03 + ·70 
• Sagittarii : : : . : 19 11.25 + ·05 - ·09 

.; 
~ 

.; .; 
() 

0 ~ 

·.;; 0 O..; 
dl ·.; "' -
.ê S" "C"' 

d.:: 
.É 

,:: 
~ 

., 0 dl 
() .. 

"' - ..0 a, = 
0 p:j ~ t/1 
---------

S. 
S. 

r= - ·1s s. 
- -12 + -os - -02 os ·u, 
- ·291 + ·041- -04 41 80 
- ·12 + ·03 - ·02 06"94 
- -14 + ·02 - -02 05 "61 
- -121 - -01. - ·02 07-55 
- -12 - ·02 - ·02 rn ·43 

+ ·14 - -03 - .-02 01 ·61 
+ ·12 -- ·0-11- -02 11 -14 
+ '14 - -0-1 - -02 11 ·41 
+ ·15 - -00

1

- -02 11-25 

c= +•· 122 

.; 
0 

~-_.; 
..., al s ë R. A. C::; 
M () 

ë .. 
..c: 
0 

--------
h. m. s. m. s. 
17 21 44 ·78 - 1 23·37 

36 18 ' 4'i -113 
:J8 43-57 -37 
42 42 · ]3 '48 
63 44 -24 ·31 
55 50 .06 -37 

59 3 -19 -42 
1 02 47 .861 '28 

03 4S ·os -33 
17 47-34 '41 

v. 

-
s. 

-·I) 
00 

4 
00 

1 
06 
00 

+· 1 
-

+ ·o 
-·o 
-·o 

5 
!) 
4 

+· 04 

Chronometer correction at 17" 60m = - 1 m23, · 368±• · 016 

E À Pavonis ...... 1 18 44 43 ·46 
603,..... . . .. . . 50 41 '90 
267. . .. .. . .. .. .. 66 39 · 13 
27/J.. .. .. l!J 02 23 · 22 
604........ 06 25-70 
y, Sagittarii. . . . 1 11 u2 · 5-! 
495. ...... . .. .. 14 41 -93 

W B. A. C. 6632 .. . 
a Vulpeculrn ... · 

l
~f~~g-ittarii : :: · _ j 
277. . .. . . 1 
2ï!J . .. ... 

21 30-12 
26 06·61 
32 15·74 
36 ;{7·32 
43 05 ' fi7 
44 30- 5-! 

+· 07 
+ ·04 
+ -03 
+ ·03 
+ ·03 
+ ·03 
+ ·03 

- -02 
- ·01 
-· ·02 
- -02 
- -02 
- -02 

:;: :g~1 
+·36 
+ ·35 
+ ·os 
+ ·04 
+ ·33 

- -37 
+ ·44 
+ -04 
+ ·n 
+ ·33 
+ -39 

+· 34 
+ -17 
+ ·16 
+ ·16 
+ ·17 
+ ·17 
+ ·16 

- -27 
- -17 
-· 17 
- ·16 
- ·16 
-· '16 

+ '09 - ·04 
+ -011- -02 + ·06 - ·02 
+ -04 - ·02 
+ ·031- -02 
+ ·01 - ·02 

-oo - -02 

- -02 - ·03 
- ·03 - -02 
- ·051_ ·02 
- ·06 - -02 
- ·os - ·02 
- ·O!J - ·02 

a=-•·501 c=+•-156 

43 331 18 43 19 _c;-1 L1 23·69 + -09 
42 ·191 49 1s · r,7 ·52 - ·os 
39-72 55 16 ' 19 -53 - ·07 
23·78 19 00 60 13 ·65 + ·05 
26·99 03 63"27 · 72 + ·12 
02 -77 00 3!J ·30 ·47 - ·13 
42 ' 48 13 1!1 ' 89 -59 - -01 

29 41 
06'82 
15 52, 

37 -171 gn! 

20 c5 ·85 
24 43 -24 
30 51 !191 
35 13 -52 
41 42 "09 
43 06'92 

·56 -· 04 
-5s - ·02 
·53 - -07 
·65 + -05 
.6:~ + ·03 
· ;2 + ·12 

Chronometer correction at 19"• L'i"'= - 1m23•-ti0 l±• ·0J8 

, 



ix BEPOBT OF THBJ OHIEF ABTRONOMBJR 116 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: NORFOLK lsLAND. Date, August l()th, 1903. Observer: F. ,v. 0. \VERRî. 

dô 1 ~ § 

ovJr:ne~~of 1t~ ~ ·! ~ !.t R. A. 11 
~ sta

r. threads. \,i 6- ~ § .§ ~ ~ 'g ~ 8 ° ~ ~ ll)·a 'N ~ ~ i ~_t ..C 

Ô ----- h. m. s. IH s. : :. r = ~ ·34 : 1 en h . m. s. m~ s. s. 

E fJ Arre .... .... .. 17 18 57·53 -· 02 + ·35 +· 16 +· 17 -·03 58·21 171718 ·79-139 ·42 - ·07 
<r Ophiuchi... . 23 24·21 ·00 - ·25 + ·09 + ·15 - ·02 24 ' 181 21 44·77 • ·n - ·1)8 
À Scorpii.. .... . 28 44·ou ·00 + ·OS + ·11 + ·12 - ·02 44·38 27 04 ·97 ·41 - ·OS 
11Pavonis ..... . 3757·14 +· 02 +· 61 +· 21 +· 07 -· 04 58·01 3618·44 ·57 +· 08 
245..... . .. . .. 40 23·25 + ·01 - ·25 + ·09 + ·os - ·02 23·14 38 43 -55 ·59 + ·10 

v. 

2-16 .. . .. .. .. . .. 44 21 ·98. + ·01 - -42 + ·10 + •03 - ·02 21·68 42 42 ·10 ·58 + ·o9 

W 250 ... . .. . 55 24-os - ·05 - ·15 - ·09 - ·03 - ·02 23 ·74 53 44·22 ·52 +· o 3 
253 ... ... . .... 57 29·921 - ·05 - ·24 - ·09 - ·04 - ·02 29 ' 48 55 50'03 ·45. - ·o 4 
254 ........ .. ... 18 0-1 27·33, - ·()-1 - ·2s - ·o9 - ·os - ·02 27 •32 

" 02 .. . "l . •49 00 
255 ............. 1 oo 2s·20 - ·0-1 - •43 - ·10 - '09 -·02 27·52 03 48"05 ·47 - ·0 2 
602 ....... ..... . 09 40·891 - ·o5 - ·07 - ·10 - ·12 - ·02 40 ·53 08 01·09 · .J.4 -·0 5 
a Telescopii . ... 21 3()·98 - ·06 +· 19 - '13 - ·18 - ·03 30 '77 19 51 ·19 ·58 +· o 9 

a= +•· 450 c=+• ·089 
Chronometer correction at 171, 50m= -lm 39•·494±•·016 

w 603 ... . .. ... .... 18 50 58 ·76 - ·03 - ·02 - ·10 +· 23 - ·02\ 68·82 18 49 18·66 -140·16 + ·10 
267 .. . . ..... 56 56·48 - ·02 - ·30 - ·o9 +· 19 - ·02 56·24 65 16·18 ·oo ·oo 
270 ......... . ... 19 02 40 ·41 - ·02 - ·29 - ·09 +· 16 - ·02 40 '15 19 01 00·10 ·05 - ·01 t Sa.gitta.rii ..... 11 19'41 - ·03 - ·o3 - ·o9 +· 11 -- ·02 19 ·35 09 39 ·29 '06 ·oo 

. A .C . 6632 ... 21 45·68 - '(14 +· 31 - ·15 + ·051- ·03 45'82 20 05 '85 39 ·97 - ·09 
a Vulpeculœ . ... 26 23 ·80 - ·02 - ·37 - ·09 +· 02 - ·02 23·::12 2-1 43·24 40 ·08 + ·02 

E el Sa.gi tta1·i i ... . . 36 53-57 +· 02 - ·09 +· 0!) - ·01 - ·02 53 -53 35 13 ·53 40 ·00 - ·06 
Zi7 . ..... ..... .. 43 22·31 + ·02 - ·27 + ·0!) - ·os - ·02 22·05 41 42·08 39·97 - ·o9 
279 ...... 44 47 -24 + ·02 - '32 + ·0!) - ·o9 - -02 46·92 43 06 ' 91 40 ·01 - ·05 
, Sagittarii .. . . . 50 18 ·46 +· 02 + ·13 +· n - ·1:& - ·02 ]8 '58 48 33·43 ' 15 + ·09 
283. . .. ...... 52 16 ·51 + ·01 - '24 + ·09 - ·13 - ·02 16 ' 22 50 36 · ]6 ·06 ·oo 
286 ...... . .. 56 10 ·271 ·001 

- -33 + ' 09 - ·15 - ·02 09 "86 54 29-79 ·01 + ·01 
287 ........ .... 2.i 01; 01 ·s4 ·oo - ·20 + ·09 - ·22 - ·02 01 ·49 20 -06 21 -34 ·15 +· 09 

a= +•· 418 c= +•·0S5 
Chronometer correction at l9h 3Qm = - 1m 40•· oG0±•· o15 

25b-8½ 
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lX 

5-6 EDWARD VII., A. 1906 

TRANSIT OB SER\: ATIONS. 

Station: ~ ORFOLK I SLAND. Da.te, August 21st, 1903. Observer : F. W. O. WERRY. 

p.. 
s 
ol 

ô 
-

E 

w 

w 

E 

~o ,.; ,j ·- >, 
.. 
0 

'g~ ci <= 
<.> $~ 

Transit 0 -~ 
.... ., ., 

..ci ~ 
0_.; ~ .. 

Star. over mea.n of d ce.,5 ..., ., __ 
R.A. C ,_. 

threa.ds. - ::, 0 
:, s ol 'O ,n oo 

~ O"'.?'.: s i j gf ,::i <.> 
;..= 8 ., ., p. ·;; ô ~ 

al..., ..c 
H < 0 < Ul 0 -------------- - -- ----- - ----

li . m. S. s. S. s. S. 
r =- ·.17 s. h. m. S. m. s. 

286 . ......... . .. 19 56 25·51 +·03 -·47 + · ().! +·28 - ·02 25-37 Hl 54 29·78 -1 55-59 
c Sagitta.rii ..... i>8 40 ·58 + ·04 -·Ol +· 05 +·26 - ·02 40 "90 56 45 "48 ·42 
287 . ....... . .... 20 œ 16 ·u4 +· 04 - ·28 +·04 + ·17 - ·02 16·89 20 06 21·34 ·55 
607 ...... ....... 14 39-35 +·04 - · 17 +·04 +· 13 - ·02 39 ·37 12 43 ·90 ·47 
608 .... . . ... ... . 17 32.73 + ·04 - ·1f, + ·04 + ·10 - ·03 32·73 15 37-31 ·42 
a Pa.vonis ....... 19 58· 42 + ·06 +·51 +· 07 +·09 - ·03 59• 12 17 63·67 -45 
6û9 ... ...... ... 25 18·10 + ·05 - ·12 + ·04 + ·04 - ·02 1!' ·69 23 23-33 ·36 

297 .. .. ... .... . 44 24 ·92 - ·01 -·20 - ·04 -· 11 -·02 24·54 4229-00 . 54 
Aqua.rii .. .. ... 49 24·73 ·oo - ·20 - ·04 -·15 -·02 24-32 47 28 ·87 •45 

507 . ..... ....... 52 25·14 ·oo - ·56 - ·05 - ·17 - ·02 24-34 50 28·96 ·38 
0 Ca.pricorni ..... 21 02 29 -29 +· 02 - ·12 - ·04 - ·26 - ·02 28·87 21 00 33-34 -53 
611 .... . ... . . . .. 06 1s ·24 + ·03 - ·18 - ·04 -·29 - ·02 17 ·74 04 22·18 ·56 
303 .......... . .. 10 48·23 +· 03 - "58 - ·05 - •31 - ·02 47-30 08 51 ·96 -34 

a.=+•·591 c=+•· o-10 
Chronometer c0rrection a.t 2Qh 30m= -lm 55•·468±•· 022 

304 . ..... 2112 b8 05 -·17 - 23 + ·22 - ·02 57·91 2111 01'931-155 "98 
01 Microsc~pii. · .. 16 33·57 + ·10 +·os - -30 + ·19 - ·02 33 62 1-1 37·47 56·15 
307 . . . ..... . .... 28 26·88 +·07 - ·12 - ·23 + ·11 - ·02 26·69 26 30'63 ·06 

v. 

--
S. 

+·1 2 
05 
Oô 
00 
05 
02 

-
+· ~ 

-
-
-· 1 1 

+ · (Jl 
-·o 2 

09 -
+·06 
+· 09 
-·1 3 

- ·os 
+· 09 

·oo 
+ ·os/ 

~ Aqua.rii. .. . .. 3-! 35·12 + ·01 -·11 - ·23 + ·05 - ·02 34·88 32 38·86 ·03 - ·03 

6lli . . . . . . . Î <I 40·,a +·14 - ·r.,7 + ·24 - ·02 - ·02 40·9] 41 44 ·80 ·11 +·06 
-y Gruis .. .... . . 50 02·s3 + ·14 + ·06 +· 2!) - ·os - ·02 03 ·22 -18 01 ·22 ·oo - ·06 
311 .. .... .. . . .. 22 02 47·70 +·09 - ·14 +·23 - ·17 - ·02 47 · ü9, 22 00 51 · 55 ·14 + ·os 
a Gruis . .... . .. . 0-! o,·oo +· 11 + ·141 + ·34 - ·19 - ·03 07•37 02 11 ·s5 ·02 - ·04 

a=+ •·298 c= +•· 22!J 
Chronometer correction a.t 2th -tom= - t m 56•·0G2± 1 ' 020 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: NORFOLK ISLAND. Date, August 22nd, 1903. Observer, F. W. O. \VERRY. 

si 
Stai·. 

8 
.!l 
c., 

-

E 241. , . . .... . .... 
600 ...... .. ..... 
TJ Pavonis . .. . . .. 
245 ......... . .. 
246. .... . ... . .. 
250 ....... . .. 
253. .. · ···· 

w 601. ... ........ 
257 . .. ... . 
a, Telescopii . ... . 
2 Aquilœ .. .... 
263. . . . .... . .. 
À Pavonis .... . . • 

w 604.. ........... 
,t, Sagittarii ..... 
495 .......... . .. 
B.A.C. 6632 . .. . 
a Vulpeculœ .. . . 
275 .. ... .. 
605 .. . . .. .. . . . .. 

E 277 . .. ..... . .... 
, Sagittarii .. .. . . 
283 ...... .. .... 
286. 
c Sagitta.rif.: : : : : 
287 ..... .. .... , . 

. - ,.; " .E o ... 0 

;,-. 0 :z 
t) ... t) 

-o+> s:l s:l 
., ., 

'ô 
..., ... 

Transi t ,: · ~ 0 
-~ 

Q) ... 

over mean of ~~.!§ 1 
-~ .., 

R. A. g8 v. d 
,,,,_ 

d "O "' threads. - ::, 0 " ... "" " ~ O".~ 
. ::, o5 ... 0 cl e :g ..., ., .,.,ç:, 'N d .a g Z ..c: 

H < 0 P:: < Ul 0 ---- - -- - - ------ --- --
h. m. S. S. S. s. S. 

r = - ·28 S. h. m. S. m. s. B. 

17 32 30·23 +· 051 - ·261 + ·19 + ·13 - ·02 30 ' 32 17 30 28 ·40-2 01 -92 + ·05 
34 06· 50 + ·o, - ·09 + ·20 +· 12 - ·02 06 ·78 32 04 ·!)4 
38 18 ·98 +· 13 +· 51 +· 44 + ·10 - ·01 '20 ·12 36 1s·33 
40 45-29 .,_ ·06 - ·21 + ·19 + ·09 - ·02 45·40 38 43 ·51 
44 44'03 + ·04 - ·35 + 21 + ·07 -·02 43 ·()8 42 42 ·04 
55 45 ·96 + ·07 - ·12 + ·19 +· 02 - ·02 4G · 10 53 44·17 
57 51 ·so + ·06 - ·20 + ·19 +· 01 - ·02 51·84 55 49-99 

18 01 40·22 + ·05 + 01 - ·22 ·oo - ·02 40 04 59 38"12 
18 22·60 +· 04 - ·17 - ·19 - ·09 -·02 22·17 18 16 20 ' 38 
21 53-13 + ·07 +· 16 - ·27 - ·10 - ·03 52·96 19 51 ·13 
39 03·27 +· 05 - · 13 - ·19 - ·19 - ·02 02 ·79 37 01 ·02 
43 34 -53 + ·04 - -30 - ·20 -· ·20 - ·02 33 -35 41 32 ·04 
45 21 ·63 +· 09 +· 44 -· 41 - ·21 - ·04 21·50 43 19-54 

a.= +• ·376 c=+•·l 89 
Cbronometer correction at 18h OQm = - 2m 01•·866±•·013 

19 06 05 -59 + ·04 - ·07 - ·07 + ·16 - ·02 05 ·63 19 04 03 .24 
11 41"51 + ·05 - ·03 - ·07 + ·14 - ·02 41' 53 09 39·26 
15 21 ·44 + ·05 - •31 - ·06 + ·12 -·02 21 ·22 13 1s ·s5 
22 07·73 + ·11 + ·35 - ·n + ·os - ·03 os-13 20 05"80 
26 45·88 + ·05 - ·42 -· 07 + ·07 - ·02 45•49 24 43 ·20 
28 5.J.·31 + ·04 - ·45 - ·01 + ·06 ~· 02 5fl 87 26 51 "57 
32 54 -32 + ·os - ·04 - ·07 +·04 - ·02 54 -31 30 51 ·96 

43 44 -54 + ·12 - •31 + ·06 - ·01 - ·02 44 ·38 41 42 ' 06 
50 40·37 +· 20 +· 15 + ·os - ·05 - 02 40 '73 48 38 ·40 
52 38 "65 + ·14 - -27 + ·06 -·06 - ·02 38 ·50 50 36 ·14 
56 32-41 + ·12 - ·:rr +· 07 - ·07 - ·02 32·14 o4 29 ·77 
58 47 ·55 + ·21 - ·01 +· 07 -·09 - ·02 47 ·71 56 45 "48 

20 08 23·89 + ·18 - ·22 +· 06 
1 

- ·14 - ·02 23- 75 20 06 21 ·34 

a.= +•·474 c= +•·062 
Cbronometer correction at 1911 40m= - zm 02'·338±''010 

"84 - ·03 
·79 - 08 
'89 + ·02 
"9-! + ·07 
·93 + ·06 
·85 -·02 

·92 +· 05 
·79 - ·os 
·83 - ·04 
77 - 10 

l - ·06 
·96 + ·09 

-2 02 ·39 +· n 
-32 -· o 
-37 + ·o 
-33 -·o 
·29 - 0 

5 
2 
3 
1 
5 
4 
1 

·30 
-35 

•32 
·33 
·36 
·37 
-23 
·41 

- ·o 
+· o 

-· o 
-·o 
+· o 
+· o 
-·1 
+· o 

2 
1 
2 
3 
1 
7 
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TRANSIT OBSERVATIONS. 

ix 

5-6 EDWARD VII., A. 1906 

Station: NORFOLK ISLAND. Date, August 23rd, 1903. Obserrer, ] '. W. 0. WERRY. 

1 
Star. p. 

s .s 
0 

----- -

E À Scorpii ..... 
241 .. .. ... . 
600 . .. .. ...... 
1J P avoni 
245 . ....... • · · • 
246 . " " .... .. . 
253 ....... . .. 

w 601.. . ... 
254 ..... .... .. . 
602 . .. .. . .. 
257 . 
< Sag îÙ~~Îi: ··::. 
a Telescopii . .. .. 
À Sagi ttarii.. . ... 1 

.50 
>, 

'O .., 
Transit ,a ·-

over mean of 
oe-. -É '°$ 

tbreads. - "0 " ~ o'.~ s -~ Q) a) o. 
H < ------ --

h. ni. S. s. S. 

17 29 13·89 - ·09 + ·os 
32 37 ' 78 - ·os - •33 
34 14 ' 04 -' 07 - ·12 
38 26" 53 - ' 14 +· 6, 
40 52 ' 85 - ·os - ·27 
H 5l ·51 - ·04 - ' 46 
57 5H · 42 - ·os -· 26 

18 01 47 ·70 - ·10 + ·01 
04 57 ·55 - ·06 - ·31 
10 10 ·49 - ·09 - ·o, 
18 30 ·05 - ·011 - ·22 

1J 57 ·431 - ·10 + ·06 
22 0O ·oli - ·11 +· 21 
24 12 ·08 - ~091 - ·03 

r 
1 ~ § à 

" s.. ·~ 
<i <i 'ô "'" 0 .., "' 

0 "' ~ 
~ ·.;; ..; 

R.A. 
,a ... ... - - 0 

.§ l'.: "C ., Oo 

~ ] 
::: ; § 

~ gz ... ,e .t: 
0 0:: ~ rn 0 

s. r = 8
:__ . 301 s. . h. m. s. m. s. 

+ ·n + ·rn1- ·02 14 -131 11 27 04 ·s9 - 2 09·24 
+ ·09 + ·]4 - ·02 37 "60 30 28 "39 ·21 
+ ·09 -'- ·13 - ·02 14'05 32 04 ·92 ·13 
+ ·20 + ·n -· 0,1 27 "33 36 18·29 ·04 
+· 09 + ·10 -· 02 52" 691 38 43 ·49 ·20 
+· 10 + ·os-· 02 51 ·1, 4242 ·02 ·15 
+· 09 +·0l · - ·02 59 18 55 49 ·98 ·20 

- ·101 - ·oi l - -021 47·48 59 38·10 ·38 
- ·09 - ·02 - ·02 57 ·05 18 02 47 ·77 ·2s 
- ·09 - ·05 - ·02 10 ·17 0 01 ·03 ·14 

: \'li 
- ·10 - ·02 29 ·55 1G 20·37 ·18 
- ·10 - ·02 57· 16 17 47·77 ·39 

- ·13 - ·11 - ·03 00 ·49 19 51 ·121 ·37 
- ·10 - ·121- ·02 11·72 22 02 ·55 ·17 

t •. 

-
s. 

+· o 
- ·o 
-· o 
-·1 
-· o 
-· o 

2 
1 
9 
8 
2 
7 
2 -· o 

+· 1 6 
06 
8 

04 
7 
5 

05 

+ 
-· o 
-
+· 1 
+ ·1 
-

- -
et= +• ·490 c= +•·oss 

Chron'lmeter correction at 18h {)()m = - 2m 0!)•·220±•·022 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : NORFOLK ISLAND. Date, August 25th, 1903. Observer: F. W . O. WERRY • 

1 

Star. 
::,. 

s 
~ 
0 

E j'1 Pavonis .. 
245 ...... .. . . . 
246 ... ... .. 
250 ............. 

1254 ... . .... . .... 

w 1602 .. · .... ·.-...... 
E Sag,ttam .... . 
283 .. . ......... 
286 .. ......... 

1 
c Sagittarii .. , .. 

w 287 .. . .. . . 
6Vi. .. .. ..... 
608 .... . . 
a Pa;~nis· ···· · 
290 .. . .. . 
292 ... . .. .. .. . 

E 297 .. ........... 
µ, Aquarii ....... 
507 .... 
r l:'iscis A~at·_-_ '.: 
fJ Capricorni .... 
611 ........... 
304 ...... . ...... 
01 MicrOSCOQÎÎ .. . 

. so t s:i 
>, 0 ·J 

" tf~ "O., § s:i Tmnsit :;::-,- ..... ., 0 

0 0 "'"' dl- ..c: :.; .; ,... .... 
over mean of dl,,; . -~ ,,, ._ R.A. 0 .... ., 

~ dl 00 t· 
threads. _ 0 O 13 'ü "' ' .... 0 0 A'-' 

g:, CT.~ . § ~ 
.; .... o ce 0 ., "' ~.;; .... a> Q,) ::1, "' dl .r, .a 

j ,-..1 ~ 0 p:; <l U1 0 

~ - s-. - --s-. ---s-.-1-s-.- r=~·35 
- ----------- - --

s. b. m. s. m. s. s. 

17 38 42·21 + ·04 + ·54 + ·041 + ·36 - ·04 43·15[ 17 36 18'21 -2 24'94 - ·01 
H 08 ·21 + ·02 - ·22 + ·021 + ·35 - ·02 08·36 3S 43 ·4(; ·90 - ·o.; 
45 07 ·0G + ·01 - -37 + .02 + ·R0 - ·02 07'00 42 41 '98 2:;·02 T •07 
56 08'95 + ·02 - -1~ + ·021 + ·26 - ·02 09·10 53 44-13 24·1)7 + ·02 

18 05 ]2 ·6/i 1 + ·0l - "25 + ·m + ·20 - ·02 12·621 18 02 47-75 "87 - ·os 
1 

10 25 "82 +· 03 - ·06 - ·02 +· 17 - ·02, 25 ·92 os 01 ·00 -92 - ·03 
20 12·57 + ·03 +· 05 - ·02 +· 12 - ·02 12'73 17 47-74 -99 + ·04 

19 53 01·75 +· 02 
= :~~1 - ·02 - ·43 - ·02 01 ·07 19 50 36"12 -95 ·oo 

56 55·50 -l ·02 - ·02 - -44 - ' 021 54:73 54 29 ' 74 -99 +·04 
59 10·86 + ·03 - 01 - ·02 - . •16 - ·02 10·38 56 45-45 -93 - ·02 

a=+•·398 c=+•·0l6 
Cbronometer correction at 18h 40m = -· 200 24• · 951±' · 011 

20 08 47-07 \ +· 02 - ·19 - ' 03 + ·19 - ·02 47-oi 20 06 21 -32 
15 u9·52 + ·03 - ·11 - ·03 + ·15 - ·02 09- 54 12 43 "88 

• 18 02·79 + ·03 - ·10 - ·03 + ·13 - 02 02·R0 15 37-20 
20 2s -s1 + ·05 +· 34 - ·05 + ·12 - ·03 29·?4 18 03·63 
31 03 '02 + ·02 - '26 - '03 +· 05 - ·02 03"68 28 38·03 
35 29-27 +· 02 - ·28 

: :::1 
+ ·02 - ·02 2s·os 33 03 · 3;; 

44 54·74 + 08 - .13 - ·03 - ·02 64·67 42 2g·99 
49 54-55 + ·os - ' 13 +· 03 - ·05 - ·02 54'46 47 28"86 
52 54'96 + ·05 - -37 +· 03 - ·Oï - ·02 54·5s 50 28'91 
57 50·11 +· 09 + ·03 +· 03 - ·10 - ·02 50'14 55 24 '47 

21 02 58'98 + ·os - ·os t8ll - '13 - ·02 58"86 21 00 33 -34 
0G 47·9::l + ·os - ·12 - ' 14 - ·02 47 ·81 04 22·18 
13 27'91 +· 01 - ·22 + ·os - -19 - ·02 27-53 11 01 ·93 
17 03 '23 +· 10 +· n + ·04 - ·22 - ·02 03·24 14 37'48 

1 

c= +•· 027 
Chronometer correction at 20h 40m= - 2m 25•·645±' "013 

-2 25·721+. 
·G6 + · 
·Go - · 
·G1 -
·G5 +· 
'6/i +· 

'68 +· 
·Go -
(;4 

·67 +· 
·52 - . 
·G3 -
'65 +· 
·7G +· 

08 
02 
0-1 
03 
01 
01 

04 
04 
00 
03 
12 
01 
01 
12 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSER v ATIO Ts. 
Station: NORFOLK I SLàND. Date, August 27th, 1903. Observer: F. \V. 0. WERRY • 

. ...... 
s:i .s 0 t: 

I>, 0 .$! 
" 

,....., 
'"Cl..., s:i s:i Q)" 

Transit d·~ . 0 ô ...., " 
cO -

~ ·.;; 0 s~ Star. ovtr mean of ~2 ·.;; ..., 
R.A . .. .,._ 

V. 
ci. threads. - ::, 0 ::, .§ 

.. '"Cl.,, 0" 
'" "::, i:, s ~ cr.:: .§ JJ ... 0 .. ~ .. ~ $ " ... 

6 
Q) Q) p. " .. .,..., ..c 

H < 0 ~ -1'. rn 0 
-- ---------------------- --- --

h. ID. 8. S. S. S. 
s. s. b. m. S. r= - ·30, m. s. s. 

E À Sagittarii ..... 18 24 42 ' 76 - ·os - -04 +· 03 + ·1s-·02 42 '83 18 22 02 ·49 -2 40 · 34[ · oo 
'2 Aqnilw ...... 39 41 ' 44 - ·o, - ·17 +· 03 +· 10 - ·02 41 '31 37 00·95 -31; +·02 
263 .. . . . . . . . . . 44 12·66 -· 05 -· -H +· 03 +· os - ·02 12·29 41 31"97 -32 - ·02 
À Pavonis ... 45 59·20 - ·13 +·60 + ·06 +·07 - ·114 59·7G 43 19'41 ·35,+ ·01 603 ... . · ·· ··· · 51 58 ·96 - ·os - ·01 +· os + ·04 - ·02 53-92 49 18·56 ·36 + ·02 

w 267 ........ 6'ï 56"87 - ·07 - ·36 - ·03 + ·01 - ·02 56·40 55 16 :)9 ·31 - ·o:) 
2î0 .......... 19 03 40'!16 -·07 - ·35 - ·03 - ·02 - ·02 40 '47 19 01 00·05 ·42 + 08 
y, Sagittarii ... : . 12 1!) ·68 - ·]O - ·04 - ·03 - ·06 - ·()2 ]9 ·43 09 :~9-21 ·22 - ·12 
491> . .. 15 59·64 :... ·07 - ·33 - ·03 -·os-·02 59·11 13 18'80 ·31 - ·03 
B .. \.C. 6632.:::: 22 4G ·06 - ·14 +·37 - ·05 - ·121- ·03 46·09 20 05"72 ·37 + 03 
a Vulpeculœ .... 27 24 ' 20 - ·06 - ·45 - -03 - -13 - ·02 23"51 24 43 ·14 37 + ·03 

a= +•· 506 c=+• ·o28 

Chronometer correction at 19h 00m= -2m 408·339±'' 010 

TRANSIT OBSERVATIONS. 

Station: l\ORt'OLK ISLAND. Date, September 29th, 1903. Observer: F. -W. O. WERRY • 

ci. l ~ 
6 

Star. 

. ...... 
-~ 0 

I>, 
'"Cl+> 

Transit " ;.: 
over mean of ca ~ ~ 

tbreads. ] ~-~ 
Q) Q) p. 

H 

t: 
8 
0..; 
oo-~ 
]~ 
~f .,..., 
rn 

R. A. V. 

- i--- ----------------
E 615 ........... 1 :~ :{ 5::68 /04 -8

:06 _\5 r=~ :fg _\2 52·6.'ll :~ :~ 44\8 _;~·on-~~ 
616. . . . . . 22 01 23 -49 + ·01 - 01 - ·14 + ·on - ·02 23·36 22 01 15 -35 o,·98 - ·os 
31:.l ........ . . 02 4l·G6 ·OO - ·26 - ·15 + ·09 - ·02 41·321 02 33 -23 08 ·09 +· 03 

1

314. . ... .. . 1 05 30'07 + .01 - ·16 - ·14 + ·07 - ·02 29"83 05 21·82 08 ' 01 - -05 
a Toucani 12 04 ·12 + ·01 + ·31 - ·29 + ·04 - ·04 04· 15 11 56·00 08·15 + ·09 
317 .. .. ... . :· , 16 50 '51 +·01 - ·13 -·14 +· 02 -·02 50-25 16 42-21 08 ' 04 -·02 
,,. Aquarii . . 1 20 31 ·25 + ·01 - · 14 - ·14 ·oo - ·02 30·96/ 20 22 ·86 08 ·10 + ·04 

W "Aquarii. . . 25 42 ·45 - ·03 - 09 + -14 - ·03 - ·021 42·42 25 34 ·38 08 ·04 - ·02 
320 ..... . .. . . 30 33 -94 - ·03 - ·14 + ·14 - •0!i - ·02 33·84 30 25-79 0 ·05 - ·0l 
{3 Gruis....... 37 04 -34 - ·04 + ·14 + ·21

1 

- ·os - ·03 0-1-54 36 56·52 0 ·02 - 04 
323. 42 oJ-54 - ·02 - ·25 + ·15 - ·11 - ·c2 03-29 41 55·16 os-13 + ·07 
µ. P egasi.. 45 31 ·34 - ·02 - ·25 + ·15 - ·13 - ·021 31 ·07 45 22 ·96 08 ·11 + ·05 

a= +• ·289 c= -•·140 
Chronometer correction at 22• 20m = -S•·05!l+•·0l4. 
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SESSIONAL PAPER No. 25b 

Station : NORFOLK ISLAND. 

'rRANSIT OBSERV ATIO " 

Date, October 1st, 1903. Observer: F. W. O. WERRY. 

E fJ Capricorni .... 
611 ....... 
304 ............ 
01 )Iicroscopii . .. 
, Capricorni ... 
-y Pavonis . ..... 
612 . ... ......... 

w 307 .. ······ ... 

1
~ Aquarii ... 
< Pegasi ... ... 
615 .. . . .. . ..... 
l-y Gruis . . . . ... 

1 

E 61G ........... 
1
a Toucani .. . ... 
317 .... ...... 
,r Aquarii . ... . 
fJ Gruis ...... 
1323 ... . .. ... 

w JJ- P egasi ..... . . 
326 . . . ..... .. .. 
618 . . .. .... 
329 . . . . . . . . . . . 
6'21. .. . ... . .... 
i l Aquarii . ... . . 

b. m. S. S. 

21 00 59•77 +· 19 
04 48·73 +· 17 
11 2 ·69 +· 15 
15 03·87 + ·23 
17 20·99 +· 19 
18 56 ·81 + ·35 
21 37·97 +· l!J 

26 57 ·28 + ·os 
33 05 ·44 + ·os 
39 55 ·711 +· 06 
42 11 ·60 + ·09 
48 33·s1 +· 11 

1 

c= -• 079 
Cbronometer correction at 21h 3000 = - 26•·889±•·015 

22 01 42 ·55 + ·13 -·14 - ·os + ·20 - ·02 42·64 
12 22 ·23 +· 23 +· 57 - ·16 +· 15 - ·04 22·98 
17 09 ·61 + ·12 -· 24 - ·os +· 13 - ·02 09·5'2 
20 50 ·21 +· 12 - ·26 - ·os + ·12 - ·02 50·09 
37 23 -49 +· 19 +· 25 -·11 + ·05 - ·03 23 ·s4 
42 22 ·6!) +· o~ - ·45 - ·os + ·03 - ·02 22·26 

45 50 ·39 +· 03 - ·46 +· 08 +· 02 - ·02 50 ·04 
48 04 ·01 + ·05 - ·19 + ·08 + ·01 -·02 03 ·94 
50 00 ·/18 +· 05 - ·12 + ·os ·oo - ·02 OO·s7 

23 00 26 ·93 +• 03 - -37 + ·os - ·04 - ·02 26 ·61 
38 12·53 +· 021 - ·13 +· os - ·19 - ·02 12 ·29 
39 41 ·32 + ·02 -·10 + ·08 - ·20 - ·02 41 ·10 

a= +•· 527 c= -•·076 
Chronometer correction at 22h 50~= - 27 ·219±•· 021 

22 0115·36 
11 55·95 
16 42·19 
20 22 ·s4 
36 56·50 
41 55·15 

45 22·94 
47 35 -73 
49 33 ·65 
59 59· 34 

23 37 45 ·06 
39 13 ·s1 

-27·28 
·03 
·33 
·25 
·34 
·11 

+· 
-·1 

06 
9 
1 
3 
2 

+· 1 
+· o 
+· 1 
- 11 

·10 - 1 2 
1 ·21 -

·22 
·27 +· 
·23 +· 
·29 +· 

0 

0 
0 
0 

00 
5 
1 
7 
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6-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: NORFOLK Isuim. Date, October 2nd, 1903. Ob erver : F. W. O. WERRY. 

~ ~ 
- ;....9 

"'O~ ,.; 8 (t).U 

Transit ::: .,_• -~ d ~ ~ ~ 1 

Star. over mean ;,f .'.: '; i ;:; ~ -~ ;;.~ R. A. ~ 
8
::: i•. 

threads °' "'~ g 6 . "'g,a ~ 
• 1 > c:r,_ ·= ;::; .2ii 1i: 0 j: 0 

1 

(t) Il> ~ ~ o ce .o ~~ ..ë 

h. m. ~- .~ s. l : : r~ ·35 : W h. m. s. ~~r-8.-
E 616.... .. . 1 22 01 5o·ssl ·oo - ·111 - ·10 + ·16 - ·02 50·s11 22 0115·35 

312. .. . .. . .. 03 os ·93 ·oo - ·38 - ·10 + ·rn - ·02 o ·59 02 33·20 
314. .. . .. .... \ 05 57·51 ·oo - ·241 - ·09 + ·14 - ·02 57·30 05 21·xo 
aToucani .... . 1230 '94 ·oo +· 46 -· 19 +· 111-·04 31'28 1155 ·93 

1

317.... . .... . . . . . ~7 1, ·11 ·oo - ·20 - ·09 + ·os - ·02 17 ·4s 16 42·1s 
,,. Aquaru ..... · 1 -0 5 ·49 ·ooj - ·21\ - ·09 + ·o5

1
- ·02 58·221 20 22·84 

W l{J Gruis . . ....... 3731·6 -·06+·20 +· 14' -· 04i-· 0331 ·9 3656·49 
323 .... ....... -1 42 30·89 ·03 -·37, +· 10: -·07 -·02 30-50 4155"14 
326 ............. 48 12 ·-12 - ·0-1 - ·151 + -09 - 10 - ·oi 12 .20 47 36·,2 

I

G18 ... .. ...... 5009-19 - 01 - ·10 +· 10 -·1il-· 02

1

09·01 -1933 ·64 
329..... ... . . . w oo 35-11 - ·03 - ·30 - ·10 - ·181- ·02 34·68 59 59-33 
620... ... .. .. .. 04 55"60 - ·04 - 06 + ·10 - ·20 - ·02 55 ·38 23 04 20 ·0-2 

a= - •·425 c=-''094 
Chrnnometer correction at 22h 30m= -35>·388±•·013 

-35'46 + ·07 
•39 ·oo 
·50 +·n 
·35 - -04 
·30- ·09 
·38 - ·01 

·40 + ·01 
·36 - ·03 
·4s\+· 09 
·37 - ·02 
-35 -·0-1 
·36 - ·03 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 
Station : NORFOLK ISLAND. D:ite, October 3rd, 1903. Observer: .F. W. 0 . \VERRY. 

t 1 1 <: 0 ,... _5? 
-o~ d i o Q.1._'.1 

Tra•, sit ~:.: . ,... ~ o 'ë ~ ~ f 
ci. Star. over mean ofl_ d ti ~ d ';. ~ ,;; R. A. 1 g É> 
E thread . :" "' ~ E~ .ê .; t: "' ~ "' 0 

,,,. C"'..... · - ::::: ~ (D O '"" 2 

_6_, _______ _____ p.,~ ~ ~ ~- ~ _ JJ., '--- - , 6_1__ 
h. m. s. s. s. s. r = '::_ .38 s. h. m. s. s. J s. 

W 01 Microscopii .. 21 15 18 ·761 - ·02, + ·12 1. + ·151 T ·22 - ·02

1

19·21 21 14 37 ·11 - 42·10 + •19 

~ ~:~~~fs~nL: : · g rn~I = :g~, ~ :i~, ! :~~ ! :~à = :g~ rng rn gf M 41 ::g ! :~ 
s12 ......... . . 21 52·92 - ·011 - ·051 + ·12

1 

+ ·1s - ·021 53-14 21 11 ·1s1 ·96 + ·05 
:l0ï...... ..... 2712·26 -· 01 1 -· 16 +· n + 15 -· 02 12 ·33 2630·41 ·!J2 + ·01 
f Aquarii. . . . . . 33 20 ·561 - ·01 - ·151 + ·11 + ·11 - ·02 20·60 32 38·65 ·95 + ·04 

E 616 ............ 22 01 57·4s
1

· + ·05] - ·n - ·n - ·07 - ·02 ;;1 ·22 22 01 15·34 ·ss - ·03 
312. .... . . . . . 03 15·G1 + ·03 - ·38 - ·12 - ·os - ·02 15 ·04 02 33·19 ·s5 - ·06 
314....... . . . . . 0G 04 ·04 + ·04 - ·24 - ·11

1 

- ·10 - ·02 03 ·61 05 21·79 ·82 - ·09 
a Toucani . .. . . 12 37 ·53 + ·09 + ·461 - ·23 - ·14 - ·041 37·67 11 55 ·91 ·76 - · 15 
317. .... . . . ..... 172-1 ·55' +· 04 r - ·191 -· 11 - ·u1-·02 24·10 1642·1s ·92 +· 01 
.,,. Aquarii. . . . 21 05 ·24! + ·04 - ·21 - ·11 - ·20 - ·02 04·74 20 22·83 ·9J ·OO 

. 1 

Aquarii . . . E" 
3 20. 

Grnis 
... 

23 . .......... 
fJ 
3 
µ, 

t/> 
'Y 

Pegasi ... ..... 
Aquarii. ... 
Toucani . ...... 

4 ......... . . . 
... ... 

W 53 
333 
6 21 . ...... . . . · ·1 
t"l Aquarii ...... 

a= +•· 423 c= -• ·111 
Cbronometer correction at 2lh50m= - 41•· 915±•·018 

22 26 1G ·591 + ·06 - ·13 - ·os +· 28 - ·02 16·101 22 25 34 ·32 
31 08 ·2"2 + ·061 - ·19 - ·os + ·25 - ·02 os·24 30 25·76 
37 3g ·45 ' + ·0!J +· 19 -·11 -,. ·21 - ·03 38·80 36 56·48 
42 37""801 + ·041 - ·35 - ·os + ·1s - ·02 37•57 41 55· 13 
4G 05 ·491 +· 04 - ·3(j - ·os + ·15 - ·02 05·22 45 22 •93 

?,3 10 04 "12 + ·06 - ·16 - ·os ·oo - ·02 03 ·92 23 0!l 21 ·47 
12 32·45 +· n + ·39I - ·15 - ·01 - ·04 32·75 11 50 -29 

22 43 -s~I - ·(12 - ·20' + ·os - ·os - ·02 43 ·661 22 01 ·15 
35 44 ·11 - ·02 

- ·231 
+· os - ·16 - ·021 43 ·761 34 61·28 

38 2ï "62 - ·02 - ·10 + ·os - ·18 - ·02 27·38 37 45 "06 
39 56 ·42: - ·021 - ·os + ·os - ·18 - ·02 56 ·20 39 13"80 

1 
' 

c= -•· 077 
Chronometer correction at 23hl0m= - 42' "404±•· 020 

- 42 "38 - ·02 
-4~ + ·os 
·32 - ·os 
·44 + ·04 
·29 -· n 
·45 + ·05 
·45 + ·06 

·41 + ·01 
·4s + os 
·32 - ·os 
·40 ·oo 
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TRANSIT OBSERV ATIO S. 

ix 

5-6 EDWARD VII., A. 1906 

Station: NORFOLK lsJ.uL'i'D. Date, October 8th, 1903. Observer: F. W. O. W1mRY. 

:i 
Star. 

E 
"' 5 -

E u ,Aquacii ..... . . 
320 . ...... . .. 
fJ Gruis ... . .. .. 
329 . ... ... .. . . 
620 . .. . .... . .. 
q, Aquarii . . 
î' Toucani 

w 531. .. ' . .. .. . 
622 ....... .. . 
336 ....... . . . .. 
2 Ceti 
33 Piscium . .. ... 
3 
d~u~~~; : : : . ... 

' .... ,..; 
" 0 ... 

0 

"Cl t' l'i " Transit " O..; ::: ..... -~ 0 
over mean of ::d !J .'; 

"' 
·.:; a;- ~ R . A. 

threa.<h. " .§ "' 'O "' 

~ 6-.~ ... ~c 
.§ .; ... ~"' ..., 

~ 0 ... 
., "' p. N ô "' <>.., 
H -..:: 0 ~ <il ·n 

----
r=~~1-s.1-h. m . s. s. s. s. h. m . s. 

22 27 02 •53 +· 07 - ·151 - ·18 + ·38 - ·02 02 ·63 22 25 :yi-30 
31 54 ·16 ,t- ·07 - -231 - ·18 +· 35 - ·02 54-15 30 25 -73 
38 24·41 + ·10 +· 231 - ·27 + ·31 - ·03 24·75 36 56 ·42 

23 01 28·02 + ·05 - -35 - ·19 +· 17 - ·021 27·68 59 59 ·30 
05 48·36 + ·os - ·07 - -19 + ·14 - ·02 48·30 23 04 20 ·00 
10 49·!12 + ·07 - -19 - ·18 +· 11 - ·02 49-71 09 21·46 
13 1s·29 + ·13 +· 47 - ·35 + ·10 - ·04 18·60 11 50-24 

17 22 ·38 - ·02 - ·50 +· 20 + ·07 - ·oi 22 ·11 16 63 ·8, 
45 24 ·40 - ·02 - ·01 + ·21 -·O!) - ·02 24·47 43 55-93 
66 52·17 - ·02 - ·35 + ·18 - -15 - ·02 51'81 54 23 ·45 

24 00 18 ·31 - ·02 - ·12 + ·19 - ·17 - ·02 18 "17 58 49 -so 
01 54·47 - ·02 - ·23 + '18 - ' 19 - ·02 6-1'19 24 00 25"84 
09 47·05 - ·02 - ·42 + ·19 - ·24 - ·02 46 ·54 08 18·21 
16 32'92 - ·04 + ·84 +· 43 - '28 - ·04 33 ·83 15 05'65 

a,=+•· 489, a,=+ •· 587 c=-•· 180 
Chronometer correction at 23h 30m= - l m 28• ·345±'' 015 

" 0 .... . ~ ., .., 
"t3~ 
83 go V. 

8 
..c 
0 

-
m. S. S. 

- 1 ,28 ·33 - 0 
-421+·0 

1 
8 
1 ·331- ·o 

·38 +· ·301-. 
-25 - ·o 

04 
04 
9 
2 ·36 + ·o 

1 
·24 - ·1 0 
·54 +' 20 

2 
3 
1 
1 

·36 +·o 
·37 +· o 
·35 +· o 
·33 -· o 
·28 - 06 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: NORFOLK I SLAND. Date, October 11th, 1903. Observer: F. 'vV. O. w·ERRY. 

,:i. 
Star . 

~ 
6 - ------

E -y Gruis ..... ... 
616 .. .. . . ..... 
312 . ... . . .... 
314 . .. . ........ 
a Toucani ... . .. . 
1r Aquarii ...... 
u Aquarii ...... . 

w fJ Gruis .... 
323 .... . : . . ···• 
µ. Pegasi. ..... 
326 ... 
618 .... ::: .. :::: 
329 . ..... . . 
1620. . ... .. . .. 

w 620 .. .. ......... 
tf, Aquarii .. 
-y Toucani ... . . 
621.. ... . . 
i~ Aquarii . : .. : . 
622 .. .. . . .. .. 

E ~ Ceti ...... . . . 
33 Piscium ...... 
çToucani . ... .. 
HPiscium . . .. . . 
339 . · · · · · · · · · .. · 
13 Baleine . .. .... 
130 Piazzi .. . . 

1 ~~ ,.; À ... 
"Cl >, i:i 

0 ~-3 
.i 

0 

Transit ".:'. .j 
.., ~al 0 0.; 8 t: ., .... . 

~ ·.;:; R . A. over mean of "' !l d ,,,. ~ v. 
threads. ~ 6-.~ .§ "' 'O 'D 00 ... "" "" 8 E ... 0"' 8 

., C) Q. ·;; 'a $ " ... "' .,..., 

1 Il~ S • 

..... ~ 0 ~ ~ rn 
---------- -------- --

h . m . s. S. h . m. s. S. s. s. r= - ·22 s. s. 

21 50 01 35 +· 12 + ·os - ·20 +·15 - ·02 Ol ·48 21 48 06·93-1 54·55[+ ·os 
22 03 09·85 + ·09 -·n - ·16 +· 10 - ·02 09 ·75 22 01 15·25 ·50 + "03 

04 27·s1 +· 06 - ·37 - ·17 + ·09 - ·02 27·40 02 33·09 ·31 - ·16 
Oï 16 ·46 +· os - ·23 - ·16 + ·os - ·02 16 ·21 05 21 ·70 ·51 + ·04 
13 49·79 +· 17 + ·45 - ·32 + ·06 - ·04 50·11 11 55·72 ·391- ·os 
22 17 ·57 + ·os - ·21 - ·16 + ·03 - ·02 17 ·29 20 22 ·75 ·54+ ·07 
27 28'94 +· 09 - ·13 - ·16 +· 01 - ·02 28·73 25 34 ·24 •49 + ·02 

38 50·49 - ·o5 + ·20 + ·23 - •031_ ·03 50'81 36 56'37 ·44 - ·03 
43 49 ·7g - ·02 - ·36 + ·17 - ·o51- ·02 49·50 41 55·07 ·43 - ·04 
47 17·69 - ·02 - ·37 +· 17 - ·061- ·02 17'39 45 22·s9 ·50 + ·03 
49 31 ·28 - ·03 - ·15 + ·16 - ·07 - ·02 31·17 47 36·66 ·51 +· 04 
51 2s·1s - ·03 - ·10 +· 16 - ·os - ·02 28 ·11 49 33·58 ·53 +·06 

23 01 53·92 - ·02 - ·30 + ·16 -· n -·02 53'63 59 59·2tl ·35 - ·12 
06 14 ·53 - ·04 - ·06 + ·17 - ·13 - ·02 

1 
14·45 23 04 19·98 ·47 ·oo 

a.=+• ·415 c= - •· 156 

Chronometer correction at 22h 30m= - 1m 54•·468±•·016 

23 06 14·53 - ·03 - ·09 + ·16 +·16 -· 02 14·71 23 04 19·98 
11 16 ·08 - ·02 - ·24 +·15 +· 14 - ·02 16 ·09 09 21 ·44 
13 44 ·05 -·04 +·58 +·15 +· 14 - ·04 44·54 11 o0·1s 
39 39 ·79 - ·02 -·12 +·15 +· 04 -·02 39 ·52 37 45·04 
41 05 ·53 - ·03 - ·15 + ·15 + ·03 - ·02 08 ·51 39 1:ns 
45 50 ·66 -·03 - ·01 +· 11 +·03 - ·02 50 ·so 43 55 ·91 

24 00 44·77 + ·06 - ·12 - ·15 - ·04 -· 02 44·50 58 49·79 
02 2o ·ss +· 06 - ·24 - ·15 - ·04 - ·02 20 ·49 24 00 25 '83 
16 59 ·76 +· J3 + ·H7 - ·35 - ·10 - ·04 G0·27 14 65 ·53 
22 24 ·50 + ·06 - ·31 - ·15 - ·12 - ·02 24 ·26 20 29 ·47 
27 04·24 +· 06 - ·25 - ·15 - ·14 - ·02 03 ·74 25 os·ss 
32 14'26 + ·06 - · 26 - ·]5 - ·15 - ·02 13 ·74 30 1s·95 
34 20 · 44 + ·01 - ·04 - ·16 - ·16 - ·02 20 ·13 32 25 · 27 

a= +•· 609 c= - •· 146 
Chronometn correction at 23h 5Qm= -lm 5t•· 770±' '017 

-1 54·ï3j - ·o 
·651- ·1 
·66 - ·1 
·181+ ·o 
·73-·0 
·59 + ·1 

·71 -·o 
·66 - ·1 
·74 -· o 
•79 +· o 
·86 + ·o 
•79 +· o 
·86 + ·o 

4 
2 
1 
1 
4 
2 

& 
1 
3 
2 
9 
2 
9 



B6 DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station : NORFOLK lsLAND. Date, October 12th, 1903. Observer, F. W. O. WERRY. 

ldô ,.; 
-~ >, ... 

1 
0 

"O., d d " 
1 Transit = ·- -.§ ' 0 d- • .,; 0 .; 

Star. overmean of l d ~ " 
d -~ ., __ 

ci, d! 'Ü ~ .. tbreads. .; ~!? .§ ... 
§ s .s ... §f > ·- 1;;; ::g 1l 1 

., ., p. 

~ 
~..., 

5 H < 0 < Ul 

R. A . v. 

------------------- -----1-----------

E 

w 

w 

E 

1 
h. m. S. 1 S. S. 

1 
616 22 03 rn·n + -141 -· 11 

1312 : : : . : : . : · . . 04 34·21 , + ·09 - ·39 
314 ............ 07 22 '76 +·12 - -25 
a Toucani. . . 13 56'03 + ·25 +·47 
317 .... .. ..... 18 43 12 +· 131 - ·20 
1,,. Aquarii ... . . 22 23·sc + ·13 - ·22 
320 .......... . .. 32 26·82 +·131 - ·21 

fJ Gruis .... .. .. :~ 56·74. +·11 +·20 
326 . . . . . . . . . . . 49 37 .57, + ·os - ·16 
618 ............. [ - 51 34·471 +·os - ·10 
329... .... .. .. ~3 02 00·34 + ·06 - -31 
620. . . . .. . . .. . 06 20·90 + "ÙÔ - ·os 

a= +• ·440 

S. 

- ·12 
- ·13 
- ·12 
- ·25 
- ·12 
- ·12 
-·12 

+ ·18 
+·12 

+ ·131 + ·12 
+·13 

s. s. r= - ·26 b. m. s. m. s. s. 

+ ·14'- ·02 16·14 
+ ·13 - ·021 33·8 

22 01 15'24 -2 00 ·90 + ·02 
9 02 33-os ·81 - ·01 

+ ·12 - ·02 22·6 1 05 21'69 ·92 + ·04 
+ ·on - -04 56·5 5 11 55·69 ·86 - ·02 
+ ·07 - ·02 42'9 
+ ·o& - ·02/ 23·6· 
+ ·01 - ·oz 26·6 

8 16 42·09 ·89 + ·01 
2 20 22·74 ·88 ·oo 
1 30 25·69 ·92 + ·04 

-·02 -·03157·1 8 36 56·35 
- ·os - ·02 37-5 
- ·07 - ·021 34·4 
- · ll - ·oz oo· 

3 47 36·64 
9 49 33-57 

08 59 59-27 
- ·13 - ·02j 20· 88 23 04 19·!)7 

c= -•· 121. 

·83 -· 05 
·89 + ·01 
·92 + ·04 
·81 - ·01 
·91 + ·03 

Cbronometer correctiou at 22h 35m= -2m 00,·877±''009. 

if, Aquarii . ..... 23 11 22·39 + ·us - ·]8 + ·18 + ·au -·02 22-70 23 09 21·431_2 01·~7 - ·os 
'Y Toucani ... . . 13 50·56 +·06 + ·44 +·35 + ·29 - ·04 51 '66 11 50·17 -49 +· 14 
3 ' ......... .. 24 10 l9·65 + ·03 - ·3;j + ·19 + ·04 - ·02 19 ·56 2-1 os 1s· 21 -35 ·oo 
! Toucani 17 05·62 + ·07 + "65 + ·44 + ·01 -·04 06'75 15 05"51 ·24 -·n 
44 Piscium ...... 22 30·87 + ·os - ·23 + ·1s - ·01 -·02 30'82 20 29·48 ·34,- ·01 
33:i ... . . . . . . . . . 27 10 -32 + ·03 - ' 19 +· ld - ·03 - ·02 · 10 ·29 25 08·88 ·41 + ·06 

13 Baleine ...... 32 20-54 + ·13 - ·1!) - ·1s - ·05 -·02 20·23 30 18·95 ·28 - ·rn 
540 ....... ..... 40 48'31 + ' 15 - ·09 - ·]9 - ·mi -·02 43·07 38 46'72 ·35 ·oo 

11 ..... ... 1 44 17'78 +· 10 - ·40 -· ·20 - ·n - ·02 17'15 42 15·83 ·32 -·03 
342 ... .. . .... · 1 45 44 '571 + ·12 - ·27 - · ]8 - ·12 -·02 44· 10 4ll 42·74 '36 +·01 
s' Piscium .. .... 25 10 45·561 +· 12 - ·27 - ' 18 - ·22 - ·02 44·99 25 08 43·56 -43 + ·o 

c= - 1 .182 
Cbronometer correction at'24h 20m= -2"' 01•·348±''019 

• 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: NORFOLK lsLAND. Date, Oct0ber 16th, l 903. O1:>server, F. W. O. \V1.mRY. 

Star. s 
" ô 

1

60 
'"' 1>, 

"C.., 

Transit ~,.:: . 
over mean of œ !s 

thrt>ads. j'ol ::, ~ 
;. v.~ 
a, ., "" 
H 

h. m. 1 s. 

-ii 
" 8 

·;: 
< 

s. 

l 
,.. g 
0 ,._·.i:; 

g i:; 
0 a," 

1 - .., "' 
0 O...; a, ... 

·..:; ·..:; R. A. 
s,.. 

" 
w•~ 

08 V. 

;Ê f rc;-:n 

!:: ~ C: 
.8 1 ... 

1 
0 

ô 9? ~h ... 
,e 

~ ..c= 
0 a:: IJ1 0 

s. r=~-__ . 20 s. 1 h. m. s. m. s. s. 
E a Toucani.. ... . 22 14 23·0!) + ·19 

19 1o ·os + ·10 
22 50·6!) + ·10 
28 02·13 + ·u 
32 53 ·72 + ·10 
39 2-1•oô + ·15 
44 23·29, + ·07 

+ ·45 - ·501 + ·10 - ·04 23 291 22 11 55·58-2 27-711 - ·01 
317 ... .. 
1r Aquarii ...... . 
<F Aquarii . .... . 
320 ... .... . . .. .. 
f3 Gruis ....... . 
:l23 ... .. .. .. 

-· 19 -·24 +· 091-·02 09·82 16 42·05 ·77 +· 05 
- ·21 - · 24 + ·os - ·02 50·40 20 22 10 ·10 - ·02 
- ·13 - •2ô +· 061-·021 01·90 25 34·19 ·11' -· 01 
- ·20 - ·20 .J... ·05 - ·02 53 ·45 30 25'66 ' 7!1 + ·07 
+ ·19 - ·361 .J.. ·02 - •03 24·02 36 56·29 ·73 + .01 
- ·36 - ·27! ·ou - ·02

1 
22.11 41 55·02 ·69 -· ·o3 

W µ. Pegasi.. .. . . . . 47 50 · 54 + ·03 
+ ·05 
+ ·05 
+· 04 
+ ·05 
+ ·05 
+· os 

- ·36 + ·27 - ·01 - ·02 50·45! 45 22·31 ·61 - ·os 
- ·15 + •25 - ·02 - ·02 04 '371 47 36 ' 62 ·75 + ·03 326. . . . .. , ôO 04·26 

618.. . ......... 52 01 ·07 
329 .. .......... 23 02 21:09 
620 .... ·:... .... . 06 47 531 
,j, Aquarn. .. . . . 11 49 ·J3 
-yToucani .. .. . l 1417 ·00 

- ·10 + ·25 - ·02 - ·02 01 ·23 49 33·54 ·69 - ·03 
- ·29 + ·25 - ·06 - ·02 27 ·011 59 59·24 ·77 + ·05 = ·_0

1
6
6
,

1

. + .26 ' - ·07 - ·02 47 ·691 23 04 19·94 ·75 + ·03 
- + ·25 - ·o9,- ·02 49·16 09 21 ·40 ·76 + ·04 
+ ·40 + ·47 - ·10 - ·04 17·81 11 ôQ·JO ·71 - ·01 

1 

a=+•·414 c= -•·244 

Chronometer correction at 22" 45m= -2m 27• ·723±''008 

- ---
29·151 23 22 01 ·101.:-z 2s·o5 w 534. ...... . .. .. 23 24 28'98 +·06 - ·31 + ·:io +· H - ·02 + ·07 

'i35 ...... ..... 26 46·37 +·05 - ·42 + ·31 + ·13 -·02 46 ' 42 24 18 '52 27·90 - ·os 
538 :::::::1 50 0-1 ·94 +· Oij - ·49 + ·32! + ·05 -·02 04·85 47 36 ·941 27'91 - ·07 
336.::: ~ 56 51·47 + ·06 - ·37 +· 31 + ·03 -·02 51'48 54 23·44 28 ·04 + ·06 
'? Ceti. 24 0117·60 + ·07 - · 12 + ·32 + ·01 - ·02 11·86 58 49 ·73 28·08 + ·10 
33 Piscium . ..... 02 53·G2 + ·06 - ·24 +· 31 + ·01 - ·02 53·74 24 00 2:i'82 27 '92 - '06 
3 ... . . ... 1 10 46'31 + ·.05 - ·44 +· in - ·02 - ·02 46 · 19 OB 18 ·21 27·98 ·oo 

E .1 Tonca.ni .... 
1 

17 33 ·11 + ·22 + ·89 · -·73 - ·0-1 - ·041 33. 411 15 05·47 27 ·94 - ·04 
44 Piscium ..... 22 5~·02 +· 10 - ·32 - ' 30 -· ·06 - ·02 57·42 20 29 · 47 27 ·95 - ·03 
a Phœnicis . ... · 1 24 01 ·20 + ·15 + ·20 - ·41 - · QG - ·0;3 01·05 21 32·97 28·08 +· 10 
339 ..... . ....... 27 37·43 + ·10 - ·26 - ·30 - ·07 -·02 36'88 25 08 ·89 27·99 + ·01 
13 Baleine. . . . ' 32 47 ·511 +· 10 - ·26 - ·30 - ·09 -·02 4G ·94 30 .18 ·96 27·98 ·oo 
130 Piazzi . . .... · \ 34 53·66 + ·131 - ·04 - ·34 - ·10 - ·02 53'29 32 25·28 28'01 + ·03 
342 .......... .. 46 11 ·44 + ·09 - ·37 - ·31 - ·14 - ·02 10 69 43 42 · 75 27·94 - ·04 

Chronometer correction at 24h 05"' = - 2"' 27• · 982±' · 015 



128 DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station : SoUTRPORT. Da.te, Si,ptember 25th, 1903. 

..... 
..; .5 0 .. 

i>, 0 
ci " Transit 

"O., À c:-~ 
.ci 

C .9 0.; 
Star. overmean of 

.,_. ·z 
c02 .. ~ 

.,,_ 
ci, 0 "O"' threads. _:,o 5 .. C:" s g;? o-.::: C: :.:. Ji ... C c0 .;:, $ " .. .. Q) Q) p. N ô ~ 

., ., 
ô ,..:i <C 0 <C rn 
-- ------- ------ ------ - ------

h. m. S. S. S. S. 
S. 

r = - · l2 S. 

E µ Aqna.rü. ··' 20 46 55·57 + ·10 - ·031 - ·25 +·22 - ·02 55 59 
32 V ulpecnlre ... 49 55- 33 +· 06 - ·09 =::i + ·rn -· 02 65·69 
0 Capricorni .... 21 00 00 ·14 + ·10 - ·02 + ·14 - ·02 oo ·os 
ï Cygni . . . . 08 1s ·91 + ·06 - ·09 - ·29 + . 1(1 - ·02 18 ·67 
a Eqnnlei . . . . . . 10 28 ·95 + ·os - ·05 - ·25 + ·09 - ·02 2S·ëo 

w p Aqnarii . .... 25 57 -55 - ·19 

= 811 
+· 25 + ·02 - ·02 57 -57 

f Aqnarii. ... , · 32 05 ·74 -· 19 + ·25 - ·02 - ·02 05· 73 
e P egasi . . . . . . . 38 55· jl - ·16 ·06 +· 25 - ·05 - ·02 f>!;·67 
a T onca.ni . . . . . . 22 11 22 ·99 - -34 + ·10 +·52 - ·22 - '04 23· 01 

1 

a= +' '093 c= -•·251 
Cbronometer correction at 21h 28m= +33•· 010 1e•·oos 

Observer: ÜTTO KLOTz . 

R. A. 

----
h. m. S. 

20 47 28 ·o1 
60 28 ·66 

21 00 33-13 
08 51 ' 70 
11 01 ·79 

26 30 •55 
32 38"'i3 
39 28·681 

22 11 56·06 

À 
0 ... -"'., ~f 

5 .. v • g8 
e 

..c 
0 
--· -

S. S. 

32 •97 + ·o 
l 
4 

+ 33-02, - ·o 

33 ·05 - · 
33 •03 - ·o 
32 ·9!J + ·o 

0-1 
2 
2 

32·98 
33-00 
33-01 
33 ·05 

+ ·o 
+ ·o 

3-
1 

-
00 
04 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

,itation : SoUTHPOR'.l'. D ate, September 29th, 1903. Observer : Ü'.l".l'O KLO'.l'Z. 

1 

1 

.f: 0 ,.; À ... ~-9 
l>, 

À l'i 
8 ., .., 

'"0-+> - .., <> 
Transit =·-- 0 <I) <I) 

~ ·.:; 0 0.._; st Star. over mean of d- . ·.:; R. A. d 1J d 
,,,._ 

V. d 'ü "' 
00 

threa.de. ....... ~ 0 " .§ ... Q Q Cl <> 

~ ~ et.;: . § i ... ge 0 1 ;cg ., ... 
~ Q) ,::l. N d .0 .,.., ..c: 

ô H -'Il 0 ~ < rn 0 
-------- - ·---- --------------

h. m. S. S. S. S. 
s. h. m. r = - ·40 s. s. 

l': :r i:avo1~is ... , . 20 3G w·r.Gj - ·osl +·681 - ·32 + ·241- ·05 17'13 20 36 18 ·15 
E Cygnt ........ 42 19'60 - ·02 - ·59 - ·1s + ·20 - •03 18'98 42 20· 17 
µ, Aquarii . ... . -l7 27 ·58 - ·0-1 - ' 14 - ·13 + ·11 -· 02 27·42 47' 28·56 
1 Piscis Aust .. . ù5 23·00 1 - 05 + ·04 ' - ·15 +· n - ·02 22 ·93 55 24'15 
0 Ca pricorni .... 21 00 32 03 - ·os - ·14 + ·os - ·02 :n·s3 21 oo 33·os 
v Aquarii ... ' 04 2L·08 - ·04 - ·12 - ·13 + ·05 - ·02 20·82 04 21·94 

08 51 14 - ·03 - ·42 - ·15 + ·03 - ·02 50-55 08 51·63 
- ·041 

ï Cygni ..... .. , 

W 'y P arnnis . . ... . 18 29'16 - ·43 +· 66 +· 31 - ·0J. - ·05 2!1'61 18 30'81 
21 10·42, - ·06 - ·02 10 ·19 21 11 ·28 

w 

E 

Ï Capricomi . ... - ·25 - ·o-t +·14 
/3 Aquarii . . .. .. 26 29·82 - ·21 - ·17 + ·13 29'46 26 30'51 - ·o91- ·02 
~~ Aqua.rii . . ... 32 3ï ·!}4 - ·22 - ·15 + ·13 - ·13 -·02 37-55 32 38 ·69 

39 2S·os - ·18 + ·13 - ·18 - ·02 27·56 39 28·64 , Pegasi ........ 
ô C:a p~icorni .. . . 
-y (,-rms ......... 
1 

K Piscium .. .. 

' Phœnicis ..... 
L Piscium . .... . 

- ·271 41 44-09 - ·23 - ·r,9 + ·13 - · rn j- ·02 43 '69 41 44·72 
48 06'15 - ·29, + ·10 + ·16 - ·2-t - ·02 05 '86 48 07·10 

1 1 

c= -•· 129 
Cbronometer correction at 2lh l 2m= + 1•· 132±•· 015 

23 22 0l ·24 - ' 13 - ·25 +· 10 + ·291- ·02I 01 ·23 23 22 01 ·20
1 

2!l 54 97 - -19 +· 19 + ·13 + ·25 - ·03 55 ·32 29 55·14 
35 01 · 50 - · 12 - ·28 + ·10 + ·20 - ·02 01·38 35 01 ·30 

\ô Scnlptoris . . . . 43 55-99 - ·17 + ·01 +· n + ·15 -·02 56·07 43 56·01 
w Piscium.... .. . 54 23·76 - ·12 - ·29 + ·10 + ·os - ·02 23-51\ 54 2:i ·4s 
z Ceti .. _...... .. 58 4!J · !Jl - 15 - ·09 + ·10 + ·05 - ·02 49"80 58 4!)·79 
-y Pegas1 . . ... . 

1

24 08 18 · 54 - ·u -· 41 + ·10 - ·01 - ·(12

1 

18· 09I 24 os 1s ·23I 

+ 'T' 851 
!f3 H y~ri........ 20 43•7'i - ·4fj 
12 Cet1.......... 25 09 ·34 + ·14 - ·21 - · 10 
E .Andromedœ . . 
f3 C~ti_. .. . lô P1scmm . .... . 
:wCeti .... . ... . 
J-'' Andromedœ .. 

33 30·59 + ·10 - ·49 -·n 
38 47'03 + ·16 - ·09 -- ·10 
43 43 28 + 131- 30 - 101 48 07-24 + '14 - ·23 - ·10 
5127 ·52 + ·os -· 60 -·12 

- ·ou - ·09 45·46 20 45- 45 
- ·13 - ·02 O!l .021 25 ù8 •90 
- ·1s - ·02 ~-s9 33 29·s5 
- ·21 - ·02 4G ·77 &< 4G·72 
- 25 - ·02 42'74 
- ·281- ·02 06·75 
.. ·29 - ·02 26 "57 

43 42 651 48 06 ' 61 
51 26·56 

c= -•·097 
Chronometer correction at 2.J.h 06m= -• ·056±•·015 

25b--9 

S. S. 

+ 01·021+ ·11 
·19 - ·06 
·14 - ·01 
·22.- ·o!J 
·25 ' - ·12 
·121+ ·01 
·os+ ·05 

·20 - ·07 
·0!l +· 04 
·05 +·os 
·14 - ·01 
·os + ·05 
'03 + ·10 
'24 -·11 

-00·03 - ·o 
·1s + ·1 
·os +·o 
·06 ·o 
'03 - ·o 
·01 -·o 

3 
2 
2 
0 
3 
5 
0 + ·141-· 2 

- ·01 -·o 
·12 +· 
·04 -·o 
·05 -·o 

5 
06 

2 
1 

·09 + ·03 
·14 + ·os 
·01 - ·05 
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5-6 EDWARD VII. , A. 1906 

TRANSIT OBSERVATIONS. 

Station : SoUTRPORT. Da.te, September 30th, 1903. Observer: ÛTrO KLOTZ. 

l
.éO :.: § 
~ g ~·.o 

Transit ] .~ -~ -~ 0 -~ ! ~ 
Star. over mea.n of "''; JlÏ -:5 ~ ;; ., -~ R. A. ~ S 

d!

~ tbrea.ds. j.l ;:, !? g .§ ~ t -g ê " '-' 
~ tï:.. -~ ;:g d! ~ â ~ ] 

5 _____ ___ _ 'lH 1 < 0 ..::_ < Ul ---- 0 

b. m. s. s. / s. s. r= ".: .
47 

s. / h. m. s. - s.- -::--
E ,B Pa.vonis ... . . .. 20 36 27·98, + ·04 +· 68

1 
-·171 +· 26 -·05 28 ·74120 3618·46 - 10 ·28 - ·Q.1 

, Cygni .. ... .. 42 30·80 T·0l -· 46 -·os +· 21 - 02 30·46 42 20·1r, ·31- ·01 
µ. Aqua.rii...... 47 38·931 + ·02 - ·14 - ·Oï + ·17 - ·02 38·891 47 28·54 ·35 + ·03 
1 PiscisAust.. . 55 34 ·45 +·03 +· 04 -·os +· n -·02 34·53 55 2-1 ·14 ·391;-· o. 
v Aqua.rii . .... 2104 32·39 +·02 -· 12 - ·07 + ·04 -· 02 :!2·2-1 21 04 21·92 ·32 · ()() 
s Gygni... . . . 09 02 .45i + · 02 - ·42! - ·os

1 

·oo - ·02 0l"!J5, os 51 ·63 •32

1 

·oo 

W ')'Pavonis....... 1840·77 -·36 +·65 +·16 ---071-·05 41·10 1830·78 ·32 ·oo 
sCa.pricorni .... 2121 ·87 -·20 -·04 +· 07 -·09-·02 :t1 ·59 2111·211 ·32 ·oo 
,B Aqua.rii...... 26 41 ·21 - ·17 - ·16 + ·07 - ·13 - ·02 40·R0 2fl 3<l".30 ·30,- ·02 
~ Aqua.rii...... 32 4!)-fi0 - ·171 - ·15 + ·07 - ·18 - ·02 49 ·05 32 38·63 ·:!71+ ·05 
, Pegasi ...... 

1 

39 39·51 - ·15 - · 27 + ·07 - ·2-1 - ·02 3'l·90 3!) 28·6:i ·211- ·05 
ô Ca.pricorni.... 4l 55·43 - ·l!JI - ·09 + ·07 - ·26 - ·02154·9(1 41 -14 ·711 ·28 - ·04 

a= +•· 436 c= -•· o:;7 
Cbronometer correction a.t 21h 09m= -10' · 319 p· ()()S 

TRANSIT OBSERVATIONS. 

Station : SOUTHPORT. Date. Octohn 1st, 1903. Observer : OTTO KLOTZ. 

:o ~ i 
>. ~ g 2Î -~ 

Transit ] ~ . c _g c ~ a.> f 
. Star. OYt:r mf'an of ·· d ~ _, -~ ::.: 2·;; R. A. § 5 1·. 

S thre:vt~. ~ :,_ ~ g .ê i ~ ~ â § 0 

~ ~ t ~ -~ ~ ~ l ~ b / l: 
o_, ___ -------1~ __-::__ ~ ~ -~...:5.__ ----~---

! h. 01. s. ~- s. s. r= ~ ·f>B s. s. h. 1n . s. s. s. 
E c 2 A<Juarii. 23 04 .J3·82 - ·031 - ·o:, - ·15 + ·-101- · 02 43 ·97 '.?3 0-1 20·00 -23·fll + 02 

y Toucnni.. 1213 ,H -·05 _,.· 411 -·26 +·31,-· o-1 H·Jï 11 :;o ,ll ·SU ·03 
r l',•ga,i . 161'!·02 -·[12 3.) -· 1:; ..L·28-·0:l fï •7i; 1553 ·\II 85 ·04 
K Pisciun1.. 2:l 25 · 22 - · 113 - · 20 - · 14 · :1-1 - · 1 :l ;!;; · o, 22 01 :l(/ Sï · 02 
, l'h11•n icis. :10 l!J·04 ·0-1 t- · 1., - · J!l + ·Ji - ·o:J l!l"J0 2!l ,,5 ;;{ ·!Jï +· 08 
, Pis<; ÎUll1 .. 3,; 25 · -13 - ·o:i - 22 - ·1-1 + · 12 - · 02 :!:, 1-1 3.ï 01 3:! ·fi2 ·lJï 
o Scnlptoris ... . 44:?003 -- 03 ·oo

1 
·Jfi +· 04 -·o:? l!lKli 4355\Jü !J0 +·u1 

\V 
1

w Piacium .... · I 54 l'i ,;2 r ·01 - ·2:1 _,. ·1) ·04
1 
- ·o:? .fj •:18 54 23·-l!l ·snl ·oo 

y i:cg~si ... . . .. 2! 08 ~2 t~ - 0
0

1
1 

_ ·~
1
>•.:i + · l-1 - ·]5 - ·u2 -12 ·1-1 24 

1
o~. _1

3
~_,• 

1
1
1 
•• ~ , :~~ . + :

0
01

1
. 

I
' CPtl ... ... 1 1-1 ·'" ,.s + ' ..L ·14 ·22 - ·02 f>/i·;,1; .. 00 

.3 Ffyrlri. . . . . . 21 o, ·;,2 03 + L • -ii, + · (if> ·28 - ·o!J 0!I 31 20 i:, -1:l ' ·01 
12 Ceti. _...... :?.ï 3:1 21 ·0J ·1fi -,- ·1 4·1 ·31 - ·02 :1:i ·i,, 2."i Ili- !I() ·!Jï + ·os 
< Anrlronwcl,e. 33 :-i-1·31; +· 01 -· ;l(J +· 16 -· -10 -· 02 63 ,:? 33 ~~l · 1:,1i ·sl.i -·03 

1 1 

a= +• ·409 c= -•· 137 
Chronometer correction at 231• 49m = - 23• · 8!;0 -- · 009 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : SOUTHPOUT. D ate, October 2nd, 1003. Obser ver: ÛTTO KLOTZ. 

1.èô ~ " ~ 8 ,...9 
"C..., " "' ., 

T ransit a:: . -~ § ~ ~g 
Star. over mean of ~ ·..; 0.; 

R. A. st 
d .& d .,.~ v. 

ci. " '"O ., 00 
tb reads. ~ :, C :, s .... §f :, "' s ~ cr.~ .ê ::3 i .... 0 

$ .... d "'., p. N 0 ~ 
g ... 

5 ô H < 0 < U) 

------------- - - - - --
h. m. S. S. S. s. s. 

S. h. m. S. S. S. . r= - ·596 
E Jµ Aquarii. .... . 20 48 03·00 - ·01 - ·15 - · lG + ·37 - ·02 03·03 20 47 28·51 - 34·52 + ·os 

32 Vu! peculre . .. 51 03·22 ·oo - ·45 - ·18 + ·34 - ·02 02 ·91 50 28·64 ·37 - ·07 
r Piscis Aust . . .. 55 58·45 - 01 + ·05 - ·19 + ·30 - ·b2 58·58 55 24'11 ·47 + ·o3 
0 Ca pricorni ... 21 01 07· 50 - ·01 - ·09 - ·16 + ·24 - ·02 07·4G 21 00 33·0! ·42 - ·02 
v Aquarii . .. .. 04 56·49 - ·01 - ·14 - ·16 +·21 -·02 [>6·37 04 21 ·s9 ·4,'! + ·04 
, · Pavonis . ..... 19 04 "78 - ·02 +·73 - 38 + ·06 - ·05 05·12 18 30 70 ·42 -·02 

W /3 Aquarii ....... 27 05-35 - ·32 - ·B +·16 - ·02 - ·02 04 -97 26 30'48 ·49 +·05 
,Pegasi.. . . ... 40 03·46 - ·19 - ·30 +· ] 6 - -15 - ·02 02·»6 39 28 ·60 ·36 -·os 
li Capricorni . . . 42 19-53 - -2.3 - ·10 +·16 - ·17 - ·02 19-15 41 44·6!) 46 + ·02 
la Aquarii ....... 22 01 26·61 - ·22 - ·22 + ·16 - ·36 - ·02 25 -95 22 00 5] ·50 ·45 +·01 
a Gruis ....... 02 45-92 - -35 +·24 + ·23 - ·37 - -03 45-54 02 11 ·20 -44 .00 

a= + •·48-t c= -•·156 
Chronometer correction at 211• 25m= - 34' "442±•·012 

w ":, Pe~asi .. : . . . . 23 00 34·96 1 
+ ·05 - ·30 + ·07 + ·54 - ·02 35-30 22 59 59·35 - 35·!)4 - ·01 r· Aquarn ...... 04 55 -47 + ·07 - ·05 + ·01 + ·50 - ·02 56"04 23 04 20 -06 ·98 + ·03 

r Pegasi ........ 16 29·73 + ·04 - 36 + ·os + ·38 - ·02 29·85 15 53·91 -94 - ·01 
K Piscium . . .... 22 36·87 . + ·OG - ·20 + ·01 + ·32 - ·02 37·10 2i 01 ·19 -91 - ·().! 
, Phœnicis ... . .. 30 30·60 + ·1G + ·lG + ·on + ·24 - ·03 3 l ·16 29 [i;j·13 86·03 + ·os 
, Pirnium .... . . . 35 37-u + ·06 - ·23 + ·07 + ·19 - ·02 37·21 35 01 ·30 33 ·!)1 - -04 
o &ulptoris. ... 44 31 ·7û + ·07 ·oo + ·os + ·10 - ·02 31 -93 43 5ü·0l ·92 - 03 

E a Andromedre . .. 24 04 02·98 + ·os - ·40 - ·os 1 02-44 24 03 2r;·44 . 36·oo + -05 - ·10 - ·02 
, Ceti . .. . . ... . . . 15 08·9!j + -o~ - . 14 - ·07 - ·21 - ·02 08 ' ü4 14 32·Gfl 35 ·9G + ·01 
f3 Hydri . ..... . . 21 20·21 + ·29 + l·fi3 - -33 - ·21 - ·o9 21·37 20 4.:H4 ·!)3 - ·02 
,,, Ceti . ..... . .. 25 45-35 + ·09 - ·li - ·o; - ·:n - ·02 44·87 25 os ·oo ·97 + ·02 
< Andromedre .. . 34 06·(;2 + ·ou -· 40 - 08 - -40 - ·02 o,, ·78 3:J 29 '87 ·!Jl - ·04 
o Piscium . . . ... 44 19-39 + ·os - ·25 - ·01 - -50 - ·021 18 ' 63 4:J 42 ' 67 ·!J6 + ·01 
20 Ceti ..... ... . 48 43·31 + ·O() - ·19 - ·07 - '54 ~ ·o'.l 42·5s 48 06 ·G3 -95 ·oo 

a = +• ·424 
Chro110n,eter correction at 23h 54m = -35•·952± ' "007 

25b-9½ 



132 DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: SOUTH PORT. Date, October 3rd, 1003. ûbsen·er: ÛTTO KLOTZ 

Star. 

I 
·~ C 0 

> 
-0 ~ 

Tra.nsit g:: 
ovflr 111ean of ~ c'! ,;, 

threads. 1,3 :_ 
> -., ., 

ë 
> 

...:i 

h. m. s. s 

E la. Pavonis...... 20 18 .J~ !J61 -r 
a. lnd1 . . . . 31 3h·00 + · 

l

a. Delphini..... 31 5S•ü71 + · 
• Cygni.. . . .. . , 43 US 0l + · 
() Capricorni.. 21 01 20 ï3 + · 
v Aquarii. 05 U() 73 t- · 

W -y Pavonis ..... 
çCap,icorni 

Hl i:-·62 

-

0ï 

:1 03 

i1 
07 
0-1 
03 

.'; 
"' E 

"N 
< --
S. 

+ ·20 
+· 11 
- ·24 
- -3r; 
- ·0G 
- ·10 

+ ·sol 
- -03 
- ·12 

.-

1 

'" C 
<> 

i:: d ci -~ ·Ê ..., 
R. A. " 

1 

~-:r. 
E " ... CC 3 ... O dl 

ô 
., <> ... 

" ..0 c....., 
0 ::i:; -"1 tll 
--!--------

s. 1 8 . r= - ·4!J S. h. m. S. 

- -25, + ·3-! - ·o.J 50·38 20 17 62·78 
- -201 +·23 - -03 36·n 30 48"50 
- ·141 + ·20 - ·02 58·50 35 1o·s1 
- · lG + ·14 - ·03 07·63 42 20 ·09 
- -141 -·01 - ·02 20·55 21 00 33-03 
- ·14 -·04 - ·02 09·47 0-1 21-ss, 

+· 33 - ·15 - -05 1s· 1s 18 30"671 
+ ·15 - ·17 - ·02 5s·sr; 2111-23 
+ ·14 - ·21 - ·02 1s·10. 26 30"46 /3 Aquarii ..... 

ç Aquarii. . . 
• Pegasi . . ..... . 
o Capricorni ... . 

0.J - ·12 +· H 
03 - ·21 + 14 

21 58·97 - · 
-J,18·34 -· 
33 2ü·G~ 

:nn~ _ · Q.j _ -071 + -14 

- ·<zl - ·02 26 ·34\ 32 38•ü5 
- ·32. - ·02 J(l · 27 39 2s·59 

41 4-J.·68 

\V lu A.qnarii .. 
7/ Aquarii .. 
/3 _l;+rui~_ . . 
17/ I egl'lst. .. . 
< Gru1s ... 
<1 Pegasi .. 

E -y Toucani 
K Piscinm ... 
t Piscium. 
ô Rcnlptoris. 

···1 </> PPgasi .. ... 
w P1 sciu1n .. 

c= -• ·136 
Chronometer correction nt 21 h oom = - fi ••GU±•·0lô 

22 2ü 22-71 - ·o.J - -13 +· n + ·37 1- -021 2300, 22 25 34 -32\ 
:n 14 -31 - ·0-1 - ·20 +· n + ·33 - · 02 1-1 · 49 30 25 7!l 
37 4-1 ·(j3 - ·oG + ·22 + · l(_j + ·2~ - ·03 45·2u RH 5fi .J71 
3!1 rn·s2 - ·o:i - -43 + · 12 + ·26 - ·021 19-72, 38 30"9!) 
-13 33-,71 - ·0G + ·:!!J + ·17 + ·24 - -03 3-1·38 42 45 "78 

23 00 -l.ST - ·03 - -31 + ·11 + ·09 -· 02 ,1s·o1 5959·36 

1233-5-1 T •33 1 + ·-!3 - ·21 - ·01 - ·0.J 39-0-1 23 11 50-29 
22 50 12 +· 17 - ·21 1 - ·11 - ·011 - ·02 -HJ ·SG 2201 ·19 
35 r,0·35 + · 17 - ·2.J - ·11 - ·20 - ·02 49 ·!)5 ;{5 01 -30 
1-l 44 · 'l +·'.ll ·011 - ·12 - ·27 -·02 4-1 ·1n -13 56 ·Q1 

-18 20 ·31 + ·14 - ·3.J - ·11 - -30 - 02 25 ·68 -17 36 ()fi 
55 12 71 + · 1G1 - -251 -· n - -37 - ·02 un2 5-1 23·,1sj 

c= -• ·108 
Chronorneter correction at 23h nm = - -lS•·G,6 u ·Ql2 

i:: 
0 ... --

"'ël 

1 
~ f! 
E '" v. oo 
c<> 
0 ... 

..c 
0 1 ----

S. s. 

-47 "60 - ·01 
-73 +· 12 
"63 + ·02 
·54 - ·07 
-52 - •09 
·59 - ·02 

-51 ._ ·10 
"63 +·02 
·64 + ·03 
·tl!-J + ·os 
·GS + ·07 
·6-! + -03 

-48·6~1 ·oo 
·70 + ·02 
·73 +· 05 
-731+ -05 
·60 - ·os 
·651- -03 

·75 + ·07 
·fl7 - ·01 
·65 - -03 
·Go - ·os 
·,o + ·02 
·G-1 - ·04 
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SESSIONAL PAPER No. 25b 

Station : SOUTH PORT. 

-

1 

Star. 
§' 
d 

5 _, _______ 
B 0 .-\.quilœ ...... 

et'Capricorni .... 
!P ~apric_orni .... 
et la-oms ... 
,p C:1pricorni ... 
, Delphini .... 
et lll<li .......... 

w 1i3 Pavoois ..... 
, Cygni . ...... 
p. Aquarii ...... 
32Yulpeculœ .... 
1 Piscis Auat . ... 

10 Capric~rni .... 
v Aquarn ... 

\V et Piscis Aust .. . 
a f'egasi ._. .... . 
'Y rc,ucam . . ... . 
T Pega-si ...... . 
K Piscium . .... . 

I
' Phœnicis . . . . 
, Piscium ... . 

E li Sculptoris . . . . 
wPiscium .... . 
2 Ceti . .. . 
et Andromedœ .. 
-y Pegasi ...... . 
, Ceti .... .. . . 
fi liydri .... ... . 

TRANSIT OBSERVATIONS. 

DatE>, October 6th, 1903. Observer : ÛTTO Kr,oTz. 

1 
[ -~ 0 

,.; 

1 
" ... 0 

>, 0 ,,,,_ 
ci " 

.,..., 
'O.., ci ë 

..., 0 

Tran.it :::· -
-5 ~ 0 ..; êt over mean of d~ :t3 

"' 1 ·.:; .,,_ R. A. 00 u. 
threads. ...... cb § ;§ "' 'O ,,, 

"'0 .; 
1 

.. "'"' ~ g"·~ 
1 

... O d i: .N 0 
.., 0 0 ... 

"' l 
p ,...., .c 

H ~ 0 ~ ~ r:12 0 
---------- --·- --- ·-------- ---
h. 111, S. S. S. s. ~-

r= - ·40 S. h. m. S. m. s. 8, 

20 07 40'87 ·oo -·15 - ·10 + ·19 - ·02 40'79 :lO 06 20·84 -1 19 95 + ·01 
1-1 03"39 ·oo - ·O!J - ·10 + ·15 - ·02 03·33 12 43·40 ·!)3 - ·01 
1G 56·69 ·oo - ·(18 - ·10 +·13 - ·02 56'62 ]5 36·76 ·86 - ·os 
19 22·~5 ·oo +·29 - ·}il +· n - ·0-1 22'63 18 02'69 ·()4 ·oo 
2-l 4~·1\3 ·oo - ·OG -·10 + ·osj ·02 42'ï3 2,J 22· 3 ·90 -·04 
29 5ï·8l ·oo - ·21 - ·JO +· o;, -·o~ 57-53 26 37"58 ·95 + ·01 
32 08'4:l ·oo + ·16 - -15 +·o31

- 03 os·-13 30 48 '43 20 ·00 +· 06 
1 

3, 37·,u - ·:19 + ·51 + ·251 - ·01 - ·Qij 38·10 36 18·20 19'90 - •O-i 
43 40 ' 39 - 'll - ·35 + ·12 -· {15 -'02 39·flS 42 20•03 ·9& + ·01 
48 48 '79 - ·rn - ·11 + ·10 - ·os - ·o:! 49·49 47 28·45 20·04 + ·10 
51 48"85 - ·13 -·:n +· n - ·10 - ·02 48'40 50 28'48 19'92 - ·02 
56 44·26 - ·24 + ·03 +· 12 - '13 - ·02 44·02 55 24 '04 ·f18 +· 04 

21 01 53 ·22 - ·21 - ·06 + ·10 - ·17 - ·02 52'86 21 00 32'99 '87 - ·07 
05 42 ·22 -·20 - ·on + ·10 - ·rn-·02 41'82 

1 

04 21 '84 '98 + ·04 

a= +•· 330 c= -•· 0()9 
Chronometer correction at 20" 36m = - 101 19,· !l42±'' 010 

22 53 42'0-! 
23 01 20·47 

13 I0 ·9ï 
17 15'16 
23 22 ·42 
3116'22 
3G 22·62 

45 li ·12 
55 44 '98 

2-l 00 11·11; 
04 48'23 
09 39·8G 
15 54·21 
22 05'68 

- ·rn + ·01 + ·io\ 
- ·ou - ·2;:; + ·o9 
-· 19 + ·35 +· 16 
-· os -·3o +· O!J 
- ·10 - ·17 + ·os . 
- ·15 + ·13 + ·11 
-·10 -·20; +· 08 

+ ·H ·oo -· 09 
+ 10 - ·20 - ·os 
+· 13 -· 06 -· O!J 

+ ·osl - 34 - ·09 
+ ·on - ·251- ·on 
+· 12 -· n -·os 
+ ·37 +1 ·2s - ·39 

+ ·29 - ·02 42'29 
+ '24 - 02 20·44 
+ 16 - ·0-1 n ·n 
+·13 - '(12 14 ·!)8 
+ ·09 - ·02 22·30 
+ ·0-1 - ·03 16'32 
+ ·01 - ·02 22·39 

- ·05 - ·02 17·10 
- · 12 - · 0~ 4-1 · 66 
- ·15 - ·02 10 '9ï 
- ·1H - ·02 47 ' 68 
- ·2L - ·02 39·38 
- ·25 - ·02 53'87 
- ·29 - ·o!-J o6·5G 

a= +•· 355 c= -•·083 

22 52 21·09 - l 21·20 + ·05 
59 59·34 ·10 - ·05 

23 n 50·26 ·15 ·oo 
15 53·90 ·os - ·01 
22 01 ·1s ·12 - ·03 
29 55·11 ·21 + ·oo 
35 01·29 ·10 - ·05 

43 56'00 
M 23 ·50 
58 4!!'80 

24 03 26 ·45 
08 ] 8'24 
14 ;12·69 
20 45•43 

·JO - ·05 
·]6 + ·01 
·17 + ·02 
·23 + ·os 
·]4 - ·01 
·1s + ·03 
· 13 - ·02 

ChronomPter correction at 23" 37m= - 101 21' ·148-4:-•· 009 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: SOUTHPORT. Date, October 7th, 1903. Observer : ÜTTO KLOTz. 

' .... ,.; d .9 0 
>, s 0 

0 ..... -
'"O _., d 

., ., 
Transit Cl"- :3 = ô ~ë ..c: 0 .; 

Star. over mean of cS~i -~ R. A. E ,_ 
i:i. 

_., o! "6"! g8 Il, 

tbreads. _.,o p .ê 
~ ~ O'.~ E j " Cl ol 1:: ~ 1l 0" 

ô 
"' ., o. ·;. al., ..c 

....:i < 0 <: r:n 0 ------- ------·--------- ----
h. m. s. S. s. s. S. 

r= - ·35 s. b. m. S. m. s. S. 

E f Aquarii .. . ... 21 34 09"63 +·17 - ·13 - ·os +·2r, - ·02 09·83 21 32 38·60 -1 31·23 +·02" 
, Pegasi ........ 40 59-74 +·14 - ·23 - ·os + ·22 - ·02 59-77 39 28·54 ·2-3 +·02 
ô Capricorni .... -!3 l5·61 +·1s - ·os - ·os + ·20 - ·02 15· l 41 44·63 ·1s - ·oJ 
'Y Gruis . ... •... 49 37·87 + ·22 + ·os - · 10 +·17 -·03 38·21 48 06·97 ·24 +·03 
a Aquarii ....... 22 Q2 22 71 +·16 -·11 - ·os + ·09 ~ ·02 22·6() 22 00 51 ·45 ·24 + ·03 
, Pegasi .. ..... 04 04 ·52 +·12 - ·33 - ·os + ·os - ·02 04·29 02 33·H ·15 - ·06 

w 11 Pegnsi ..... .. 40 02·05 - ·07 - ·3fl + ·09 - ·rn - ·02 02·rn 38 30 ·!'16 · 20 - ·01 
, Gruis . ... . ... 44 16·85 - ·16 + ·24 + ·12 - ·.lf>i-·03 16· 

' 42 45 ·72 ·15 - ·oo 
µ Pegasi ...... 40 54·66 - ·o, - ·32 + ·os - ·16 - ·02 5-!"17 45 22·00 ·27 + ·06 
À Aquarii . . .... 49 os·21 - ·10 - ·13 + ·os - ·181- ·02 07·92 47 36·7-l ·1s - ·o 
lô Aqua.rii ..... .. 51 0:5·19 - ·Il - ·osl +· os - Hl - 02 04•8ï 49 33 -r,5 ·22 +·01 
a Piscis Aust, .. 53 52'60 - ·13 + ·01 + ·09 - ·20 - ·02 52·3,3 52 21 08 ·27 + ·06, 

la Pegasi ....... 23 01 31 ·071 - ·os - ·2G1 + ·os - '26 - ·02 30 ' 53 59 50·341 ·191- ·02 

a = +•· 372 c= -•· OTi 
Chronometer correction at 2?.h JSm = - 1"' :n• ·215:±::' "010 

w ô Sculptoris ... 23 ..15 27 ·83 - · l(j ·oo + ·18 + ·20 - -o!t l 2s-03 23 -t3 55 ·g5 '-1 32 ·08 + ·08 
,p Pegasi ........ 49 on·on - ·]01 - ·35 + ·rn .,.. ·17 - ·02 08 ' 95 47 36·98 31 ·97 - -03 
w Piscium .. .. 55 55'63 - ·n - ·2(; + ·16 + ·14 - ·02! 55·541 54 23·50 32'04 + ·04 
i Ceti . ... .. . . . :!4 00 2l"ll2 ·141 - ·os + ·16 + ·11 - ·02 21·s5 58 ..19,10 32·05 + ·05 
a An<lromedœ .. 04 iiS !i8 - os : - 43 + ·18 + ·on - ·021 58 ·42, 24 03 20 ·45 31 ·97 - ·03 
'Y Peg-a~i .. !19 50·42 - · 10 - ·32 + ·16 -,- ·QG - ·02 :;0·20 os 1s ·25 31 ·95 - ·05 
l" Toucani .. .. 16 3()"7() - 271 ... ·Gü + ·37 + ·02 - ·o.) 37·52 1:; 05 55 31 ·97 - ·03 

E f3 Hydri .. . . .... 22 rn·o5I +· 58 + 1 ' 64 -· 73 - ·02 - ·ool 1ï•43I 2/l 45 -42 32 '01 + ·01 
12Ceti . .. . .. :!fi 41 · lï + ·171 - · ]8 - ·13 - ·04 - ·02 41)·!);; 2/i IJ ' \13 3:l ·02 + ·02 
f Andromeda, .. 3:, 02 · 3i + ·12 - ·43 - ·1s - ·on - ·o:?I 01 7ï 33 2!) ·89 31 ·88 - · 12 
p Ceti ... .. . .. 40 }8 · !), rill - ·us - ·l(j - · li - · 02 114 · ï!l 38 ~li •7ü 32 ·03 + ·o3 
I° Pisdnm . .... 45 15 23 - ·2(; - ·16 - ·15 - ·1)21 H ·7S ..13 ..12·70 32 ·0 + ·08 
20Cet1 ..... .. . -!9 39 ·0!1 +· 17 - ·20 - ·15 - ·18 - ·02 &'Vil 48 O(j·(j,, 32 06 +· 0ü 
µ And,·omeda~ . . 53 .:,0·45 + ·10 - ·52 - ·20 - ·20 - ·03 58·G0 51 2G·63 31"97 - -03 

1 

ct =+ ! ·455 r. = - ~· 155 
Cltronometer correction at 24" IOm = - lm 32'·005::,::•·012 
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SESSIONAL PAPER No . 25b 

TRANSIT OBSERVATIONS. 

Station : SooTHPORT. Date, October 8th, 19(13. Observer: OTTO KLOTZ. 

Rtar. 
C 
;; 
5 

- - ------

E 1(3 Pavonis . .... 
• Cygni ...... . 
,µ Aquarii . ..... 
l32 V_u l1?eculre .... 
1 P1sc1s Aust .... 

,IJ Capricorni ... . 
• Aquarii ... . .. 

,v 'Y Pa\'onis ..... 
ï Capricorni .... 

l/3 Aquarii ...... 
~ Aquarii ... . . 
• Pegasi ..... 
-y Gruis ......... 
a Aquarii .. . . . 

• 

,v a Touca,ni ... . . 
7/ l'egasi ...... . 
µ Pegasi . .... . 
À Aq\rnrii. ..... . 
il Aquarii . . .... . 
a Piscis Aust .. . 
a l'egasi . ..... . 

E 'Y Toucani .... . . 
, Piscium .. . 

·,p Pegasi ...... . 
w Pi ·cium .. . 
1 Ceti .. ....... . 
a Andron,eclre .. 
'Y .P~gadÏ ... .... . 

.so b ,â 
0 

;>, 0 .... -
d <.) ., ..., 

'O"' d ..., <.) 

Transit i:1·- 0 .9 ô 0"' .. - . ~ -~ "' 8~ over mean of '"Zl .. ~ 

., __ 
R.A. v • 

threads. "" 0 .§ 'O "' . ~ <.) t ' i:1" 1 ~-~ .§ .,; 0 .. ë :::l ..., ..8 " ... .,,.,,i:,. N 0 .. .,, ... ..c 
H < 0 ~ < t/2 0 

--·------------------------ --
h. m. S. s. s. S. 

s. 
r= - ·50 S. h. m. s. m. s. a. 

20 37 59-55 +·271 +·5!) - ·27 + ·35 - ·05 60·.J.1 20 36 1s·u -1 42 '33 + ·03 
44 02 ·43 +·os - ·40 - ·13 + •3ù - ·(2 02·26 42 19-99 ·27 - ·ù3 
49 10·58 + -131 - ·1'.? -· 11 + ·26 - ·02 10·72 47 28"42 ·30 ·oo 
52 10 ·88 + ·09 - ·35 - ·12 +· 23 - ·02 10·71 50 28"44 ·27 - ·o3 
57 06·03 +· rn +·04 - ·13 + ·19 - ·02 06·27 55 24'01 ·26 - ·04 

210215·16 +·15 - ·07 -·11 +·15 - ·02 15 "26 21 00 32 ·96 ·30 ·oo 
06 0-1·07 +· 14 -· n -·n +· 12-·u2 04·09 0-1 21·s1 ·28 - ·02 

20 12 ·25 - ·31 + ·5, +·26 ·oo - ·05 12·12 18 30·49 ·23 - ·01 
22 53"66 - ·17 - ·04 + ·12 - ·02 - ·02 53-53 21 11·19 ·34 + ·04 
28 12·99 - ·15 - ·14 +· n - ·07 - ·02 12·72 26 30·40 ·32 + ·02 
342[·17 - ·15 - · ]3 + ·11 - ·12 - ·02 20·86 32 38 :58 ·28 - ·02 
4111"28 - ·13 - ·24 + ·11 -· 17 - ·02 10·83 33 28·53 ·30 ·oo 
49 49-57 - ·20 + ·os +·13 -·24 - ·03 49·31 48 06 "96 -35 + ·05 

22 02 34·32 - ·14 -·17 + ·11 - ·35 - ·02 33-75 22 00 51 ·44 ·31 + ·01 

a= +• ·380 c= -• ·100 
Cbronometer correction at 21h 20m= - l m 42•·296±•·007 

22 13 38·201 - ·21! + ·44 + ·221 
40 14 ·2-11 - ·07 - ·38 + ·13 
47 06·21 - ·oil. - ~t + ·12i 
49 19 · 92 - · 11 - · 13 + · 11 
51 J6·s1 - ·12 - ·os + ·11 
54 04·21 - ·14 +· 02 +· 13 

23 01 42·,6 - ·09 - ·2; + ·11 

13 32 ·90 + ·35 + ·39 - ·21 
3G 44·\Jl +· 17 -·221 - ·JJ 
49 2u·s3 + · 1_1; - ·30 - ·n 
56 07"27 + ·17 - ·22 - ·11 

24 00 33-35 + ·22 - ·07 - ·11 
05 10·47 + ·rn - ·3; - ·12 
10 02·13 + 16 - ·27 - ·11 

+· 491- ·01\ 39·10J 2211 55-so-143·30 + ·os 
+ ·21 - ·02 14·11 38 30-95 ·22 ·oo 
+ ·21 - ·02 06·10 45 22·90 ·io - ·02 
+ ·19 - ·02 19 ·96 47 36"73 ·23 + ·01 
+ ·111- ·02 16·87 49 33·6~ , ·23 + ·01 
+ ·J5 - ·02 0-1·35 52 21·07 ·28 + ·06 
+ ·09 - ., 2 42'68 59 59-33 ·25 + ·03 

- ·01 - ·01 33·3sl 23 11 50·2~ ·1-1 - ·os 
- ·20 - ·02 4-1·53 34 61 ·29 24 + ·02 
- ·31 - ·02 20·251 47 36 ·98 27 + ·05 

= ::i = :g~ ~n~1 g: :nü :i~ ~ :g~ 
- ·44 - ·02 09·651 24 03 26·45 20 - ·02 
- ·49 - ·02 01'401 08 18"25 15 - ·07 

a= +• ·392 c= -• ·109 
Chronometer correction at 23h 12m= - l m 43•·219±•·010 
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5-6 EDWARD VII ., A. 1906 

TRANSIT OBSERVATIONS. 

Station : SouTHPORT. Date, October 9th, HJ03. Observer : OTTO KLOTZ • 

. s'ë I t I sl 
. '0~ 1 i ~ 8 _s:g 

Transit ~ ·- . -~ 6 'ê . "' " 
Star. over inea.n of dS ~ _ri Z ~ -~ :n -~ R . A. ~ g t·. 

[ threads. ~ .... ~ ~ .S Il) t: ~ ~ ;:: 0 ., 1~ ~-a -~ ~ ~ $ ~z ~ 
_6-_ ,. _____ , _____ ~____::_1~-~-1-.::_ U1 ---- 5 

h . m. s. s. s. s. r = ~ .46 s. b. m. s. ::--::- --:-
E fJ Pawnis . . 

, Cygoi ..... .. . . 
µ, Aquarii .. . . . 
32 V ul peculre ... . 
r Pisc13 Aust . . . 
8 Capricorni .. . . 
v Aquarii . . . . .. . 

V{ J'Y Pavonis .. ... . 
ï Oapricorni . . .. , 
fJ Aqu~rii . . .... . 
f Aquarii .. ... 

1 

, P egasi ... . . 
ô qap:icorni . . . 
'Y Grms .. .. . 

1 

Station : 8 0U1'llPORT. 

E /3 Pavo1:1is . .. . 
, Cygm . . ... .. . 
µ, Aquarii 
32 V ulpeculre . .. . 
r P,sms Aust . . . 
() Capricorni .. . . 

1
v Aquarii .. ... . 

W 'Y Pavonis .. . . . . 
ï Caµri corni ... . 

1{J Aquarii. . .. 
~ Aquarii .... . 
, P egasi .. . ... . 
ô qapricorni . . . . 
'Y Gru1s . ..... .. . 

203811·49 +· 31 +· 60 -· ri1 +· 29 -· 05 12·3, 20361soo1-154·2s.+· oo 
4514 ·40 + ·09 - ·40 - ·13 +· 23 -·02 14·17 4219 ·97 ·20 -· 02 
49 22 ·51 + ·15 - ·12 - ·11 + ·20 - ·02 22 ·6] 47 23 -~1 ·20 - ·02 
52 22 ·86 + ·10 - ·36 - ·12 + ·18 - ·02 2-2 ·64 50 28· 42 ·22, 00 
57 17·94 + ·19 + ·04 - ·13 + ·14 - ·02 18·16 55 23· 991 ·17 - ·05 

210221 ·01 +· 16 -· 07 -· 12 +· 10 -· 02 27 ·09 210032 ·94 ·151- ·07 
06 16 ·06 + ·rn - ·11 - · n + ·06

1

- ·02 rn ·o4 04 21 ·rn ·25 + ·03 

20 24 ·15 - ·31 \ + ·58 + ·21 - ·05 - ·05 24 ·59 18 ;io ·45 ·H - ·o 
2305 ·57 -·17 - ·04 +· 12 - ·011-· 02 :>5 ·39 21 ·11 ·15 ·24 .,. ·02 
2s 24 ·&'3 -· 15 - ·15 + ·11 - ·11 -· 02 24·56 2630 •39 · n -· 05 
3433-24 - ·15 -·13 +· n -· 16 -· 02 32 ·s9 32 38·5ï ·32 +· 10 
41 23 -25 - · ia - ·21 + ·11 - ·22 - ·02 22·75 39 2s· 52 ·2:1 + ·01 
43 :19·21 - ·161 - ·os + ·11 - ·23 - ·02 38 ·83 n H ·so ·23 + · 01 
5001 ·50 -· 20

1 

+· os + ·14 -· 29 -· 03J 01· 20 4soo·o5 ·25.,.· 03 

a= +• ·386 o= -• ·no 
Chronometer correction a t 21" 14m= - l m 54• ·217±•·009 

TRANSLT OBSERVATIONS. 

h. m. s. 

20 38 23·42 
44 26 ·29 
49 34 ·43 
52 34 75 
57 29 ·90 

21 02 38·951 
06 27 ·92 

20 35 -93 
2.1 17·36 
28 36 ' 731 
34 44 ·9(; 
.Jl 35 ·07 
43 5l ·0l 
50 13 ·34 

1 

Date, October 10th, 1903. Obsen;er: O•rTO KLOTZ . 

S. 

+ ·30 
+ ·09 
+ ·15 
+ ·10 
+ ·18 
+ ·16 
+ · 15 

- . 'Zl 
- · 15[ 
- 13 
-· 13 
- ·11 
-· 1-1 
- ·17 

S. 

+ ·56 
- ·381 
- ·12 
- ·34 
+ · 04 
- ·01 
- ·10 

+ ·54 
- ·04 
- . 14 
- ·12 
- ·22 
- ·os 
+ ·osj 

s. h 
s. r =-· 50 s. 1 • m. s. 1 m. •· •· 

- ·361 +· 301-· o,5 24 ·1ï, 203ù18 ·06 - 206 ·1t +· 0t 
- ·17 + ·251- ·02 :W ·U(J 42 l!r95 ·n + ·01 
-· H +· 21 -· 0234·51 472,~ ·.Jo · u +· o1 
- · 16 + · 1s - ·021 ;;4 ·511 50 2s ·-10 ·11 _,_ ·01 
-· 16 +· 14 - ·02 3o ·os 5r,23 ·97 ·11 +· 01 
- ·14 + ·10I- · 021 33 ·9s 21 oo 32 ·93 ·05 - 05 
- · 1-1 + ·ool- ·02 21•s ï l 04 21 ·1s ·09 - ·01 

+ ·34 i - ·05 - ·œ 36·49
1 

1s 30 · 41 ·os - ·02 
+· 15 -· o, j-· 02 1123 2111 ·14 09 -· 01 
+ ·14 - ·12 - ·02 36 ·46 26 30 ·38 ·os - ·02 
+ · 14 - · 17 - ·02 -14 ' 66 32 3.,'l ·56 · 10 · ()() 

+ Hl - ·241- ·02 50 ·61 41 44 ·59 ·os - ·02 
+ ·14 - ·23, - ·02 34 '63 3fl 28 ·50 ·131+ ·03 

+ ·18 - ·30 - ·03 13·10 48 ()6·93 · 17 + ·Oï 

c=- •·138 
Chronorneter correction at 21 h 14m = - 2"' 061 

· 102±' · 005 
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SESSIONAL PAPER No. 25b 

TRANSIT ·oBSERY ATIONS. 

Station: SoUTllPORT. • Date, October 11th, 1903. Observer : O·n·o KLOT?.. 

1 

~'ô ..: 
"' 1 .. 

0 6;·~ >, 

1 " ~-~ " ci - ..., " Transit ·-3 ·-3 O..; ., "' 
Star. O\·er 1nean of ~~-5 -z 1 R.A. 

p .. 

. § 
ui-- - ,._. v . 

d 'O Ul oo 

[ I threads. a>~e ê .; .. "<l " '-' "' cd 0 :> C"'.:.::: 
"R ~ 

..., 0, '" ... 
Q) (1) _. d -"' ~..., .s:: 

5 1--- ~ < 0 i:i:: < ri] 0 . ---------------- -
h. m. S. 

1 ~- S. 
s. s h. m. S. m. S . S. . . r =. ·44 

E p Capricorni . . .. f 20 25 39 · 44 + ·091 - ·oc; -·11 +·23 -·02 39-57 20 23 2'.l· H-2 16·83
1 
+ ·0-1 

• Oelphini...... 30 54. · 39 + ·07 - ·23 - ·11 .;. ·19 - ·02 5-1-29 28 37ï'iO · 79 ·oo 
p Pavonis. . . . . . . 38 3-1 · 2ü +·1(; + ·oG - •2ï + ·14 - -05 34-so 36 18·00 ·PO+ ·01 
• Cygni ....... . H 37-09 +·051 - ·38 - -13 +· 10 - ·02 3G·71 42 19-92 ·791 ·oo 
µ, Aquarii .... . 4!J 45·2G + ·os -· 11 -· 11 + ·OG - ·02 45·16 47 28·38 ·ï8, - ·01 
3~Vtùpeculre .... 52 45· 501 + ·uo - ·33 - ·12 + ·04 - ·02 45·12 50 28·38, ·,-1 - ·05 
1 Piscia Aust .. . 57 40·ï3 + ·10 + ·0,1 - ·13 ·oo - ·02 40·72 55 23-95 ' ·77 - ·02 

1 

W !0 Capricorni ... 21 02 4!)·831 - ·rn - '06 +· n - ·04 - ·02149·6G 21 00 32'91 ·75 - ·0-1 
P Aqnarii .. ..... O(i 38·83 - ·16 - ·10 +·11 - ·oc; - ·02 38·/lo 04 21-76 ·84 +·OfJ 
t Cygni ....... 11 os· 701 - ·10 -·35 +· 12 - ·n - ·02 os-2-1 08 61 -44 ·so +· 01 
a Equulei ..... 13 1s ·72 - -13 - ·l!J +·n: - ·11 - ·02 18·38 11 01·68 ·so + ·ot 
l'Y Pavonis. . .... 20 46 •Sï - -3)_ + ·6-1 +· 26 - ·16 - ·051 47 -15 18 30-37 ·78 - ·01 
t Capricorni ..... , 23 28 ·23 -'l'i -· 04 + ·12 - ·rn -·02 27-93 2111·12 ·s1 + ·02 
# Aquarii . . . .... 28 47-57 - ·15 - ·H +· lJ -·23 - ·02 47·14 26 30·36 ·78/-·01 

1 

a=+ ·357 c=-•· 106 
Chronomete,· correction at 20h 57"'= -2m 16•·789±•·005 

w • P egasi ........ 21 41 46·8ü - -13 - ·]9 + ·09 + "3-l[- ·021 45 961 21 39 28·4!:J - 2 17 ·46 - ·01 
ô Capricorni ... . 4401 ·871 - ·16 - ·06 + ·10 + ·at - ·02 02·05 41 44 58 •4ï ·oo 
-y Gruis .. . . . .. 60 24-17 - -19 + ·07 + ·12 + ·28 - ·o:i N·42 -1s oG·!ll ·51 + ·0-1 
a Aquarii . .. . .. 22 J3 os -91[ - ·14 -·14 + ·09 + ,,1- "I " " ,, 00 ,, . ., 

·48 + ·01 
, Pegasi . . . .. . . 04 50·62 - ·10 - ·26 + ·10 + 17 - ·02 50-51 1 02 33-09 '42 -·05 
a Tonca.ni . ..... 14 12·8G - ·26 + ·&~ +· 19 + ·10

1

- ·01 13-1s
1 

11 55·72 ·46 - ·01 

E • Gruis .. . ..... -15 03 ·041 +· 17 
+ t91 - ·15 - ·13 - ·03! 03 ·09 42 45 ·6-1 ·45 - ·02 

ô Aquarii ..... . . 51 51 ·28 + ·12 - 06 - ·10 - ·J6 - ·02 51·06 4H 33·62 ·44 - '03 
a Piscis Aust . . . 54 3S·G8 +· 131 + ·01 -·n - · 18 - · 02 38 · 51 52 21 ·01 ·47 ·oo 
a Pegasi ....... . 23 02 11·291 +· os - ·21 1 - ·10 - ·25 - ·021 16·7!) 59 59·31 "48 + ·01 
c2 ~quarii: .. . ... OG 37·78 +· 12 - ·04 - ·10 - ·27 - ·02 37--17 23 04 20·01) -41\1- ·01 'Y r oucam .... 14 0,-73

1 
+ ·J91 + ·30 - ·1sl - . 34 - -041 07"66 11 50·1s '48 + ·01 

a=+•·298 c= -•· 093. 
Chronometer correction at 22h28"'= -2"'17•· -166±•·005 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERV ATIONS. 

Station: SoUTHPORT. Date, October 12th, 1903. Observer : ÜTTO KLOTZ, 

.;. Star. 

E 
"' ô 

--

E fJ Pavonis ....... 
, Cygui ........ 
µ. Aquarii ... . 
32 V ulpeculre .... 
r Pisc1s Aust ... 
0 Caprirnrni .... 
p Aquarii .. . ... 

w .1 Cygni ........ 
a Equulei . . ... 
'Y Pavonis ...... 
.1 Cap,·icorni . . .. 
fJ Aquarii ....... 
~ Aquarii ..... . . 
f Pegasi ....... 

w ô Capricorni .. .. 
'Y Gruis .. ... . .. 
a Aquarii.. . . 
, f,egasi. : ...... 
a. loucam ...... 
'Y Aquarii . . .. . 

J!; 1 p . .µ. egas, . . . 
À Aquarii . . ... 
ô Aquarii ..... 
i"., Piscis J\.ust .. . 
c- Aquarn ..... 
'Y Toucani ..... . 

.se 
1 

,.; é ... 
0 .Q 

l>, 
é " jg '"O.., g ~ 

T ransit <:·- 0 0 .!! ., ... .. - . -5 ·.:; 88 over meanof "'~ " 
·.:; œ " R. A. ?•. 

threads. Q)~~ " .ê "' '"O <: 0" ... ~ f <l 
5 .,; ... 0 

> ""·- 'N :::l .., ll g~ ... ., ., Q. 
0 "' ., ..c: 

~ < 0 ~ < ,:n 0 ---- --- -·-·- ---- ---- ------
h. m. s. s. S. S. 

~-
S. h. m. S. r= - ·36 m. 8, S. 

20 3>! 46'06 + ·06 +·5.5 - ·22 + ·19 - ·05 46·5!J :&0 36 17·96 -~ 28·631+ ·os 
H 48 ·72 +· 02 - ·37 - ·10 +· lG - ·02 48'41 42 19·00 ·51 - ·06 
49 56·98 +·03 - 11 - ·09 + ·12 - ·02 5li"91 47 28'36 ·55 - ·02 
52 57· 17 + ·02 - ·33 - ·10 +· 11 - ·02 56·85 50 28·36 ·49 - ·os 
57 52·4lJ + ·04 + ·04 - ·10 + ·os - ·02 52·53 55 23·93 ·60 + ·o 3-

21 03 01·50 + ·03 - ·07 - ·09 + ·C.J - ·02 01·3!) 21 00 32·89 ·50 - ·07 
06 50 ' 48 +· 03 - ·10 - ·0!l + ·02 - ·02 60'32 04 21 ·75 ·57 ·uo 

11 2tr461 -· 11 - •34 +- ~ol - ·01 - ·02 20 ·0& OR 51·42 ' 66 + ·09 
13 30 '461 - ·16 - 'l!i +· oo - ·02 - ·02 30 ·10 11 01 ·55 "61 + ·04 
20 5W53 - ·37 + ·53 + ·21 - ·oi; - ·05 58·79 18 30·33 ·46 - ·n 
23 3!:)·921 -·:w - ·04 + ·0!l - ·os - ·02 39"67 21 11 ·10 ·57 ·oo 
28 5!)·27 - ·17 - · 13 +·09 -· 11 - ·02 58·!)3 26 30· ~5 ·58 + ·01 
35 07 ·53 - ·18 - ·1:s + ·o!J - ·15 - ·02 07 ·H 32 38 ·53 ·61 + ·04 
41 57 ·561 - •15 - ·22 + ·09 - ·19 - ·02 57·07 :S9 28 48 ·59 + 02 

c= -• ·0SG 
Chronometer correction at 21" l0m= - 2m 28• ·565±'' 012 

21 44 13'52 -·ml - ·0G + ·0t) + "251- ·02 13·5!) 21 41 -14 '56-2 29 ·03 -· o 2 
8 

00 
2 
3 

50 35 8!) 

= :i:I + ·06 + ·os + ·21 - ·03 36'02 48 06 ' 89 
22 03 20·53 - ·13 +· 0G + ·13 - ·02 20·45 22 00 51 ·40 

05 02 ·31 - ·10 - ·24 + ·07 + ·12 - ·02 02·14 02 :s3·0, 
H 24·51 - ·27 + ·31 + ·13 + ·07 - ·04 2,t·71 11 55'69 
19 11 · 36 - ·14 - ·12 + ·0ü + ·04 - ·02 11 ·18 16 42·13 

-17 52'351 + ·os - ·24 - ·o, - · 13 - ·02 51·97 45 22 · 86 
50 05 "92 + ·11 - ·09 - ·oi; - ·15 - 02 05·71 47 36'70 
52 02·88i + ·121 - ·o61 - ·06 - ·u; - ·02 02 ·70 49 33 ·GJ 
54 50'16 +· H 1 +· 01 - ·o, - ·1;1- ·0:1 50·05 52 21 ·03 

23 oo 49·20! + ·12 - ·03 - ·o, - -~5 - ·()2 48'!)5 23 04 20 ·00 
14 10·27 +· 191 + ·271 - ·12 - 201- ·041 1!)·28 11 50 · l'ï ~ I 

a= +• ·277 c= -• ·062 
Chronometer correction at 22h 25m= - 2m 29•·053±' ·011 

·13 +· o 
·05 
·07 +· o 
·02 -· o 
·05 00 

·n +· o 
·01 -·o 
·09 +· o 
·02 ·o 

28 ·!)5 - ·1 
20·11 j+· 

6 
4 
4 
3 
0 

Oô 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : SOUTHPORT. Date, Octoùer 13th, 1903. Observer: ÜTTO KLOTZ. 

. /·è! ,.; râ .. 0 0 ,..._ 
"C., ,: À " ., ., 

.... _., 0 

Trantit -·- 0 ., ., 
Star. over mean of @--;;.;J .ci :;:: -~ 0_.; 

R . A. s~ ., ol UJ• - v. ol 'O "' ci. threads. ~::, 0 ::, .§ '"' ::, "' " 0 8 ~ cr.~ 8 ,; .. ge 0 
ol ·.; ::z _., $ '" Il) (I.') p. ol o;_., .c 
5 H < 0 ~ < {/J 0 

- ------ -------- --r- -------------
1 

h. S . 
S. h m. s. m. s. s. m. S. "· s. s. r=-· 3S 

E • Gruis 22 45 25 ·39 + ·16 + ·23 - ·04 + •13 - ·03 25 "84 22 42 45· 57 - 2 40 ·27 + ·04 
µ, P egasi . . .. 48 03 ·26 + ·r1 - ·31 - ·o:i + ·n - ·021 03 ·0iS 45 22 ·851 •23 ·oo 
À Aquarii ...... 50 !1; ·83 + ·10 - ·12 - ·o3 + ·09 - ·02 16 ·85 47 36·69 ·16 - ·07 
li Aquarii . . .... 52 13·78 +· n -· 07 - ·o3I +· os - ·02 13·85 49 33·60 ·25 + ·02 
a Pisc1s Aust ... 55 01·0, + · 13 + · 01 - · 03 + · 06 -· 02 . 01 ·22 52 21·02 ·20 - ·03 

w a Pegasi . ...... 23 02 39-79 - ·os - ·251 +·- 03' + ·02 - ·021 39 -49 5!) 59 -29! ·20,- ·03 
r2 ;\quarii, . . . . 07 00 ' 41 - ·12 - 04 + ·03 - ·01 - ·021 00 ·25 23 04 19 -99 '26 + ·03 
'Y louca111 ..... 14 30 ' 24 - ·rn + ·3.51 + ·05 .- ·05 - ·04 30·36 11 50 '151 

·21 - ·02 
T Pt>ga.si " ' . ' ' l 18 34·58 - ·os - ·30 + ·03 - ·os - ·02 34'13 15 53·SG ·27 + ·04 
K Piscium . . .. . . 24 41 '79 - ·10t - ·111 + ·o3 - ·13 - ·02J 41·40 22 01 ·15 ·25 + ·02 

c= -•· 025 
Chronomcter correction at 23h 06m= - 2'" 40•· 229±'' 009 

TRANSIT OBSERVATIONS. 

Station : SouTIIPOR'l'. D ate, October 15th, 1903. Observer : ÛTTO KLOTZ. 

=====---============--=-=-=-:;:__=-==--:;::==:::;:== 

Star. 

E 'Y Gruis . . . . . . . 
a Toucani ... . 
i' Aquarii. 
<T Aquarii . . .... . 
7/ Aquarii. . . .. . 

W a Piscis Aust .. . 
a P egasi .... . .. 

r Pegas1 ... .. . 

\

'Y Touca~i ..... . 

K Piscium ..... . 

.so 
'O >, 

Transit §~ 
over mean of ...... ~ t 

thread~. ! ;._~ 
Q,) 0 c.. 
H 

-------
h. m. S. S. 

21 51 10· 11 + ·04 
22 14 58 '95 + ·061 

Hl 45 ·73 +· 031 28 3, •74 + ·04 
33 2!) ·43 +· 03 

55 24 "761 -·lï\ 23 03 03' 32 -· 11 
14 53·H5 

- ·251 
18 57-991 - ·10 
25 05 "28 - ' 13 

--
s. 

+ ·Oj 
+ ·34 
- ·13 
- ·09 
- ·14 

+ ·01 
- ·21 
~ ·30 

- ·1;, - 261 

..: ... 
8 

C .... 
. 8 O.; 
-:. .,.~ 

'O"' 

Ji l:: g~ ., 
ol .J:J ~_., 
~ < r:n 

-·- -~~,-- - --
S. r = - ·44 S. 

- · ] 3 + -35 - ·03 10 ·41 
- ·21 +· ]81-·04' 59 28 
- ·10 + 14 - ·02 ·15·65 
- ·10 + •Oï - ·02 37 ·64 
- ·10 - ·04 - ·02 29 ' 16 

+ ·12 . - ·131- ·02 2-1 ·57 
+ · JO - ·]!) - ·021 02'89 
+· Hl - ·2ïl- ·04 53· 5s 
+· Jl - ·3,) - ·02 57·42 
+ ·10 - ·s5

1
- ·o:l : 04 •73 

a =+• ·305 c= -'' 100 

R. A. 

----
h. m. S. 

21 4'l 06·85 
22 11 55'61 

16 42·09 
25 34 ·20 
30 25'68 

52 21·00J 
59 59 '28 

23 11 50·11 
15 53·84 
22 01 ·07 

Chronometer correction at 22" 38m = - 3"'03' · 561±' · 019 

râ 
0 

$-~ 
QJ 2'! 
8 .. 
0 0 v. 
::, " 
0 ... 
5 

--- ---
rr::. S. S. 

- 3 03 '56 ·oo 
·67 + ·n 
·56 ·oo 
·44 - ·12 
'48 - ·os 

·57 + ·01 
' 61 + ·05 

•4ï1- ·09 ·58 + ·02 
·66 + ·10 
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5-6 EDWARD VII. , A. 1906 

TRANSIT OBSERVATI01\S. 

Station : SoUTRPORT. Date, October lGtb, 1003. Observer : ÜT'f0 KLOTZ. 

w 0 Capricorni . ... 21 03 47 -37 - ·rn - ·07 + ·12 - ·07 - ·02 47·17 
v Aquarii. . . . 07 315·32 - 16 - ·1] + ·n - ·10 - ·02 36'()-I 
! Cygni ... ... 12 06 151 - ·10' - ·37 + ·13 -· 14 -· 021 05 · G5 
a Equulei ...... 14 lo ·28 - ·1:t 

+ ::1 
+·n _ -15 _ -o::i l 15·88 

'/ Pavonis 21 4-1 ·11 - ·31 + 27 - ·201-· 05 44·39 
! Capricorni. 24 25·71 -· ]7 - ·04 + ·12 - ·23 -·02 25 37 
i:l Aquarii ... ... 29 45·]0 - ·151 - 14 +· n -· zt - ·02 44'63 

1 

c=-•· 110 
Chronometer correction at 20h 54m= - 3'" H• · 311::,::•· 009 

w ~ Aquarii .... 21 35 53'261 - ' 16 - · l3 + ·13' + ·-19 - ·02 53-57 21 32 3 ' -l'i -:3 15']0 - ·02 
c Pegasi ... ..... 42 -13 ' 41 - ·13 - ·2-1 + ·1:~I + ·45 - ·02 43 ' (i0 3!) 28 ·42 ' 18 + · ()ij 

o Caprit·orni . .. . 44 5!l·;n - 'l'i - ·os + ·13 + ·43 - ·021 59 "60 41 44 50 ·10 - ·02 
1
')' Gruis 51 21·62 - ·21 + 0!) 

r ;il + ·38 - ·03 22·01 48 06'84 17 + ·05 r Aqua~ii. .. .. ::?2 0-1 06" 361 - ·1:.; - ·]8 + ·2s - ·02 0(H2 22 00 51·35 ·07 - ·05 
, P egas1 .. ····· 03 -1s ·17I - ·n - ·:w +· H + ·2ï - ·02 48 ' 11 02 33 ·01 ·10 - ·02 

1
a Toucani 15 10·13 - ·29 -1 ·-13 + ·21; + ·20 - ·04 10 ·,1 

11 55·381 ·13 + ·01 

E r1 ~quarii_. .... 23 Oï 35·20 + ·23 - ·05 - ·H - ·20 - ·02 35 02 23 04 HJ·f17 ·05 - ·07 
I"/ l oucam . .... 15 05'02 + ·3G + ·38 - ·24 - · ;15 ' - ·04 05·23 11 50 10 ·13 + ·01 
T Pegasi .. . . ... 19 09·(i3 + ·15 - ·33 - ·rn - ·2s:- ·02 09'02 )5 53·8-l ·1ll + ·06 
K Pisciun1 ... 25 16 71 + ·rn - ·rn ' - ·13 - 331- ·021 1G ·2:3 21 61 '13 10 - ·02 
, Phn•nicis ... . , a3 10 ·32 + ":/8 

:'.: :~~1 
- ·17 -·39- ·03 10 ·15 2H 55·()3 ·12 ·oo 

t Pisciu1n . ... . . 38 17 ·02 + ·JS - ·13 - 42 - 021 16 ·-12 35 01 ·2G '16 + ' 0-l 
lo Sculptoris .. . . -17 11 ' 451 + ·23 ·oo -· H - ·-19 - ·021 11 ·05 43 53 ' 96 ·09 - ·03 

Cl= +• ·388 c= -•· 12G 
Chronmneter correction at 22h Hm = - 3m 15• · 119±' · 00 
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The following observations at Sydney, together with their reduction and clock 
corrections have been furnished by :Mr. H . A. Lenehan, Acting Government Astron­
omer. The method of determining the level, azimuth and collimation errors there, has 
already been given under ' Sydney Observatory.' 

TRANSIT OBSERVATIONS. 

Station : SYDNEY. Date, Septemher 29th, 1903. Observer : H. A. LENEHAJS". 

Star. 

1 -~ o 1 ~o~ ,. 1• 3·1 
1 

Transit ]Ê . _ "'" 
overrneanof~~!s ~ tl}• .... R.A. $~ 

threads. ~ ;.,~ .§ .; "Og" ~ 8 " 
~ Q) - < ~ Jj.., 5 

1 h. m. s. 
1 

e. s. h. m. s. s. 

e Delphini.... .. ..... ....... 20 28 21·92 +· 0J + 2·46 g ~ 24·39 20 28 37·691 + 13"30 
a. Indi ......... .. ........ : ......... 20 30 36 ·64 + ·02 - 1·18 ~ ::, 35·48 20 30 48·60 13·12 
€ A.quarii .......................... 20 4213·98 +· 01 + 1 ·39 ,..., Q 15'38 20 42 28·731 13·3fi 
µ Aquarii... ... . .. . .. .. .. .. .. . .. .. 20 47 13 ·78 + ·01 + 1 ·44 to:; 15·23 20 47 28·56 ]3 ·33 
32Vulpl'Ct1lre...... . .... .. ........... 20 50 n·so + ·01 + 3 ·39 -~""' 15'20 20 50 28·6ol 13·40 
1 Piscis Aust ..... ...... ............. 20 55 10 Gï + ·02 + 0·09 ~ I':' 10 ·781 20 55 24·16 13 ·38 

H w ~fean. . .. . 13·31 
~ 

Chronometer correction at 20h42'" = + 13• · 31 

TRANSIT OBSERVATIONS. 

Station: YDNEY. Date, Octoher 2nd, 1903. Observer: \V. E. RA n1oim. 

Star. 

-~ .:= C 
>, 

Traw;it ]-~ 
over n1ean of ~ ~ ~ 

threads. .; ::. §' 
~ ;;; ·s. 

...J 

RA. 

---------------1-----1---------- ---- ----
.h rn. :,, S. S. h. m. s. 

{J Capricorn i ..... 
a. Pavonis. . . . . . . . . .. ..... .. . . 
e Delphini . ...... .. .... . 
a Indi ......... .. 
a J>elphioi. . .. . .. .. .. . . . .. .... .. 
• :\.quarii .. . ... . .. . ..... ... ....... . 
µ Aquarii . .... .. . . . 
0 Capricorni 
-y Pavonis. 
{J Aquarii . . 

20 15 1s·s8 - ·01 + 1 ·u 1 20·01 20 15 36·83 
20 11 4s ·1;7 - ·02 - 2·53 17 46·12 20 11 62·81 1 
20 2d 18 · 21 - · 01 + 2 -l8 ~ 20 · 681 20 28 37 · IH 
20 so ;;3·09 - ·02 - 1 ·rn ,., 31 ·8s 20 so -1s·52 
20 34 51 · rn - ·01 + 2·11 g . 53 ·u2 20 :fü 10·s!1 
20 42 10·41 - ·01 + 1 ·3!) • ?; 11 ·71.1 20 42 28·68 
20 4; 10 ·2.5 - ·01. + 1 ·4-11 ,.... = 11 ·HS 2n 47 :lS ·5t 
21 00 J(ï·(J!J - ·01 + 0 ·!JS °":2 I Hi·OG 21 00 33·0-J 
21 18 18·40 - ·03 - 4 ·44 ·g~ 13 ·!13 21 18 30·101 

21 26 11 ·9,;\_-·01 1_+_1_·_r;_o~-H---1--s-·_°'_-, _2_ 1 -2-(,_3_0_·-17 1 Mean ..... 

Chronometer correction at 20hH'" = + 16'· 85 

+ 16·!l2 
16 ·6!) 
rn·!JG 
lG ·G-J 
rn ·97 
rn ·8a 
1G '83 
]6·98 
1fi ·77 
16'92 
rn ·S5 
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TRANSIT OBSERVATIONS. 

8tation : 1'5mNEY. Date, October 3rd, 1903. Obser var : W. E. R AYMOND. 

Star. 

µ Aquarii. ... .. . . .. .. .. .. . . ...... . 
32 Vul peculre. . . . . . . . . . ....... . 
r Piscis Aust ............. ..... . . . 
fJ Capricorni . . . . . ................... . 
, Capricorni. . . . . . . . . ........... . 
-y Pavonis... . ....................... . 
.1 Cap1·icorni. . . . . . . . . . . . . . . . . . . . . .. . . 
f3 Aquarii.. . . . . . . .. . . . . . . . . . . . . 
ç Aquarii ..... .. ....... .. . ......... .. . 
• Pegasi .... .. .. .... . . . ... .... . 
o Capricorui ........ . . 
'Y Gruis ........ . 

T ransit l~l 1 
over mean of ~ ~ ~ ~ 

threa.ds. ~ :;j ; 8 
~ ~- z_ 

...:1 _;;j 

h . m. s. 
20 47 08 68 
20 50 OG·o7 
20 55 05 ·55 
21 oo 13·ml 
2L 16 34·64 
21 18 rn·s1 
21 20 52·00 
21 2G 11)·.n 
21 32 18 ·72 
21 3!) 07·fiH 
21 41 25·18 
21 4ï 48·8:; 

Chronometer corre~tion at 2l" 21'"= + 18• 4!) 

TRANSIT OBSERVATIONS. 

10·10 
9·97 
5· 5.'l 

14·55 
35·63 
12 ·30 
52·77 
1U)8 
20·]9 
10·01 
26 ·1ï 
48·..JS 

R. A. 

h. m. s. 

20 47 28· 50 
20 511 28·53 
20 55 24·09 
21 00 33·02 
211G54 ·111 
21 18 30 '67 
21 2; 11 ·24 
21 26 30·..J6 
21 32 :l8·6..J 
21 39 28·59 
21 .a 44·66 
21 .. 8 01·04 1 

Mean ..... 

S. 

+ 18·40 
]8·56 
18 "51 
18'47 
18·48 
18'37 
18 ' 17 
18·-1s 
18 ·45 
18 "58 
18·49 
I8 ·5ü 
18 · -t!) 

Station: SYOXEY. Date, Octobn lith, 190a. Ohsen·cr: H. A. LEKEEJ.\:S-. 

Star. 

{:l 1Scorpii .. ..... . 
o Opliinchi . . . . 
a Scorpii ........ . 
a Triang . . \ust . . 
f Scorpii 
7/ Ophiuchi ... 

µ Aquarii ... 
3,Vul1wcul:e 
r Piscis Aust .. 
f3 ,\quarii ... 
')' lrrUIS .. . 
a Aqnn.rii .......... . 
L l\•J:rasi... . . ...... .. . 

Chronomet,•r corrt·ction at 16" 29"'= + 21•·80 

:w -li 0.3 os 
20 50 fl:l·H8 
20 55 112 1)4 
:n :!fî Ofi·RI 
21 n -1:, :i:3 
:>z on 2, · f)(j 
22 O:! 07 ·'l, 

•oï + 1 ·-1-1 
- ·0-1 .,.3· -111 
- ·O!) + 0·011 
- ·07 ,- J ·Gf> 
- ·O!l -0·311 

·O(l -1 1 ·S1i 
·(14 + 3 · 25 

1 

Chron11nwter correction at 21" 24"'= + :?2'·07 

G·4.; 20 47 23·45 [! 
ü·34 20 iiO 28 •4ï 
2 01 20 55 :u·o4 
8 34 21 2/i 30 · 13 

-1.i ·!H :!l 48 07 00 ' 
i!l·36 2:!0051·4G 
11 · 02 2:! 02 33 · 15 

1 .\!pan ..... 

+ 22 00 
22·13 
22·00 
2'2· 09 
22·00 
22·10 
22 13 
22·07 
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TRANl::\IT OBSERVATIONS. 

Station: SYDNEY. Date, (Jctober 7th, 1903. Observer, W. E. RAYMONIJ. 

.èO I t § 
1 ~ 0 ;..• .... . ~~ ~ sg 

Transit ~~ . . o.µ ~ ~ 
over mean of .. c:e 2 -5 u, ·;;; R. A. ê ë 

1 

th d - ::, 0 ::, 'O"' "'" rea •· C:: cr > S .; "' ol o 

---------~,,6. ~ _J_ l~ ----1-~--
h. m. s. s. s. 1 b. m. •· s. 

Star. 

1 Piscis Aust... . . .. ............. . . . . 20 55 00·4.9 - ·OB + ·091 0 ·52j 20 65 U·03 + 2~ ·51 
11 Capricorni. . . . . . . . . . . . . . . . . . . . 21 CO 08·6(; - ·05 + ·98! 9 ·49

1 
21 00 32·iJ7 23·43 

, Capricorni. . .. ....... ...... . 21 16 29·(H - ·05 + l ·04 2 30·GO 21 16 54·1)6 23·46 
ï Capricorni ...... .... . . .. .... .... . 21 20 47·01: - ·QG + ·73 'O H·73 21 2111 ·18 23·45 
f AAqq1u1aa1

1
_·
1
i
1
\ ... ... · •... • · •.•.. • · .•. · •· ••.•• · •· •· .. •• • .. . • . . . . 21 21-i 05 · ::!4 - · 05 + 1. 60 1' 8, 6 · 89 21 26 30 · 41 :!3 · 52 ; 21 32 13 •6 i - ·05 + 1 ·6() l5·Qt) 21 32 38·59 23·50 

e Pegasi 21 :19 02·G5 - ·04 + 2 ·38 ~ 4·99 21 39 28·:H 23·55 
ôC.~pri~~;::·:::: • ·_-.·: :::: : ·: . .. . 21412()·12 -· 05+1·04 ;!.. 21·11 21414,1 62 23·51 
a Aquarii ... ... . ...• . . .. . ....... 22 00 26 ·08 - ·05 + l. 6 Ile 27·89 22 00 51"45 23 ·56 
L Pega i_.. . .. . .... ..... . ......... ... 22 02 06·28 - ·03 + 3 ·26 •~ 1 9 ·51 22 02 33·H 2~·63 
,; Aquarn .. .. . . . . . . . . . . . . . . . . . . . . . . 22 ~5 09 ·48 - ·05j+l ·35 .,S 10·781 22 25 34·;19 23 f5 l 
17 Aquarii . .. . . .. . . ..• ... . . , ..•... 22 30 00·49 - ·05 + 1·86 2·30 22 30 25•7ü 23·46 

M ean. .. . . 23·51 

Chr'lnometer correction at 21 h 3fi"' = + 23' · 51 

TRANSIT OBSERV ATIOKS. 

Station: SYDNEY. Date, October 8th, 1903. Observer, \V. E. RAYMOND • 

. éë 1 ~ d 
~ 2 ~-2 
~ ~~ 

Transit É~ . 1 0 . t ~ 
Star. over mean of ol ai 2 :5 .z.. ·;; • R. A. g 5 

th . d "o " ~ - " l ea 8. 'v t> E Q) C ~ 1 1 g 
~ g" a 'N ~ ~ ~ ,-2 -----------1--·lH < _P:: I IZl --- Q 

h. m. s. i:-. s. 11. m. s. 1 s. 

E Aqua.rii. ····•···· · · . · · ···· · ··· 20 42 02·42 - Q(j + 1 ·38 3·H 20 42 2s·Go + 2.J'86 
µ. Aquarii......... . . . . . . . 20 47 02·2!J I - ·OG + I ·.J :3 t 3·1;6 20 47 28·42 24·,G 
31 Vuli.eculœ.. ... . . . . 20 60 00·27 ·O.J + 3·37 ;2 a·r.o 20 50 28·4.J 2-1·34 
1 Piscis Aust.... . . . . . 20 54 5!.J·23 - ·os +o·o!l ""' r,!J ·24 20 5f5 21·01 2-1· 77 
Il Caprj~rn\. . . . . . . . . . . . . . ~l o~ 07:22

1 
- :o~ +o:()~ ~ s:~~ ~l o~ ~:?:!Jü ,W~J 

< Capn corn1.... . .... .. . . .. .. ~I lh 28 34 - 01 -t- 1 O~ . 29 2.1 :U lf, ,,.J 04 2-1 1fi 
.t Ca.pri:<>rni.. . . . . . . . ~l ?~ -1-Vi~I - :o~ + 0 ~l ~ 4~:~~ *l 2'. 11 Hi 2nr, 
ft Aquf\111 . . . . . . . . . . . . . . . . . . . . . . . . . . 21 2G 04 Oli - 00 + 1 :,8 ;... a a8 _l 2(, 30 .J u 24 82 
~ Aquaril. ............ . . . , . 21 32 ]2·3G - ·()fi T 1 ·.1s .~-.,, 1 13·,81 21 32 38 5S 2-1··80 
E Peg"~'· . . _. . ...... .. . ... ... . ...... 21 39 01·35 ·03 + :? 35 cc 3·1;5 :li 39 2s·53 24·88 
li Capncorn1 . . . . . .. . . . . .. . . . . . ~1 -1! lf~~I :1), + 1:0:l 

O 

I 

l~ :rn 21 41 4~ GI 24:82 
'Y G,ms . .. . . . .. . .. . . . . . . . ~L 4, 4~ 01 OH - 0 30 ....:; -L lfll 21 48 or, 07 2.J. 78 
a Aquar.i.i .. . ... ·· ······ . ..... . .. :l20~2.J:751- :01! + 1:s-1 :l??3 2~~~&144 2Ull 
,; Aquarn. . . . . . . . . . . . . . . . . . . . . 22 2o 08 ll - Ob + 1 33 I .1 38 22 _o 3-J 28 24 !lO 

1 Meau.... 2-1·82 

Chronometer correction at 21" 23m = + 24•· 82. 



144 DJ/JPâRTMENT OF THE I NTERIOR ix 

5-6 EDWARD V II., A. 1906 

The following observations on November 5, January 22 and 23, were made for 
determining the di:fferential personal equation between H. A. Lenehan, W. E. R ay­
mond and Otto Klotz. The :fi.rst two were the observers at Sydney during the longi­
tude campaign, while the last was at South port:-

Station: SnJNEY . 

Star. 

~ Aquarii . . .. ... . . . •. . .... 
< P egasi ........ . ....... .... 

PERSON' AL E QUATION. 

TRANSIT OBSERVATIONS. 

D ate, N ovember 5th, 1903. 

.. . ... 

....... 

Oorrected transit 
over 

mean of threads. 

h. m. S. 

21 32 35·22 
21 39 :?il'15 

li Oapricorni ... ·········· · ... . .... ~l .n -n ·w 
16 Pegasi . . . .. . .... ~ .. 21 48 38·76 
a Aquarii ... ..... . 22 00 -tS'l'ï 
, Pegasi . .... ····· 22 02 2fJ'ï-l 
c2 Aquarii. ···•··· · •· 23 0-1 16·8, 
< Piscium .. ......... 0 5ï 55· -12 
ï1 Piscium .......... . ... ·· · •·· 1 08 -l0'6-I 

Obser ver: \V, E. RAYMOND . 

KA. 

b. m. 

21 32 
2l 3!.l 
21 41 
21 48 
22 00 
22 02 
23 04 
0 57 
1 08 

.\lean. 

s. 

38 ' 18 
28'12 
-1-1 ·20 
-11 ·75 
51 ·07 
32' 70 
1~·74 
,JS· 30 
43 ·61 

1 

Ohronometer 
correction. 

S. 

+ 2·96 
2·97 
2·91 
2•99 
2·90 
2·96 
2·87 
2'88 
2•97 

2 ·934 

Ohronometer correction at :?3" 25'"= , 2• 934±''010 

Station : Sni:-:n. 

Star. 

î' Piscium .... 
T l'E-gasi. 
K Pj:-.<..:iun1 .... 
l Phœnicis 
l Piscium , - Piscium -, , Ceti 
a Andro111rd,e. 
-y P egasi. ..... 
l C~ti . . ... . , . 

····· 
H Pif.ciurn . . 
r 2 Ceti 

f Anrlromi>da; 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

D ate, N'o,ember 5th, 1903. 

1 

·· ·· ······ ., 
········ .. . . 

.... . ..... ······· 

Oorrected transit 
over 

n1Pan of threads. 

h. ln, S. 

2:3 12 os·rn 
2:3 l5 ;jO !lO 
23 21 iiS l] 

23 29 52'08 
23 34 ;;,;;·3~ 
23 :,3 J3 ·0(l 
23 5-, 4fi·SG 

(1 03 23'40 
fi 08 1,, 24 
tl 14 2!1"8!1 
0 20 :?ü ,\l 
0 ~ .) 05 !J5 
n 3:J 2, ·u1 

Observer : OTTO KLOTZ. 

R. A. 

h_ Tll . 

23 12 
2:1 15 
23 21 
23 ~ 
23 :H 
23 53 
23 58 
0 03 
fJ 08 
u li 
0 20 
0 25 
0 33 

.'.\Iean 

S. 

11 ·5, 
53 fH 
60'97 
5-l · 76 
61 · ll 
4r, ·su 
49·(;5 
2G ·3:! 
1x·1ü 
32'(i0 
29'41 
os·s1 
29 ' 86 

Ohroncm,eter 
correction . 

s. 

+ 2 ï8 
2·7-1 
2·so 
2 ü8 
2 81 
2·so 
2 ,9 
2·&1 
2'()2 
2·71 
:? ·90 
2-92 
2:85 

2"815 

OhronumPter corrPction at 2:Jh 25'" = -'-2' · x15_._, · 015 
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PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Station: SYDNEY. Date, Novembor 5th, 1903. 

Star. 

~ ii~,::\i- : ·. ·.:::: . : : : . : · .. : . ·.::: : : : : .. : : : ·. : : : : 
1 Pegasi ........•. ... . .....•.... .• . . . ... .. 
77 Pegar,i ..... . .. . • ....•. . ..... ~ ....... .... 
µ, Pegasi . . .. . . . ......•... ..... .. . .... ... . .. 
À Aquarü .. . .. . .. . ..... . . ....... . . . 
a Sculptoris.... . ... . ....... . .. . ... . .•....... 
fJ Pbœnicis. . . . . . . . . . . . . . . . . ... . .. . : • . . . ... 
0 Ceti .. ........... . . ....... · ···· .... .... 

C<,rrected transit 
cver 

mean of thre>Lds. 

h. m S. 

22 25 31"04 
22 30 22·55 
22 36 37·66 
22 38 27 ·70 
22 45 HJ-76 
22 47 33·61 
0 53 56·47 
1 01 45 •90 
l !.9 11-35 

Observer: H. A. LENEH~N' 

R.A. 

h. m. S. 

22 25 33-95 
22 30 25 ·45 
22 36 40 ·02 
22 38 30 ·59 
22 45 22 ·58 
22 47 36 ·45 
0 53 59 ' 28 
1 01 48"58 
1 19 14 ·11 
Mean .... ..... 

Chronometer 
correction. 

S . 

+ 2·91 
2·!)0 
2 ·!)() 
2 ·80 
2·82 
2"84 
2·s1 
2 ·68 
2 ·76 

2·841 

Cbron:imeter correction at 23h 25m = + 2'·841±•·019 

Station: SîDXEL 

Star. 

PERSONAL EQUA.TION. 

TRANSIT OBSERVATIONS. 
Date, J11nuary 22nd, 1904. 

Corrected transit 
over 

mPan of tbrea.ds. 

Observer: W. E. RAYMOND. 

RA. Chronometer 
correction. 

-----------·- ------- ·--------- ---------- ------
h. m. S. 

li Eridani . . . .. ........ . ...... .. . • ....... 3 38 08 ·37 
a Ta.uri . .. . .......... ..... . .. ..... ...... . 4 2!J 54 ·66 
5., Eridani. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . 4 33 16 ·85 
,,., Orionis . . .. .. . .. ... ... . ... .. . . .... . . . ... .. . 4 4-1 01 ·61 
aLeporis ... ... ............... . ...... . .... .. . 5 27 59·97 
fJ Cani~ M~jorum . . . . . . . . . . . . . . .. .......... . . 
• Gemmor1s. . . . . . . . . . . . . . . . . • . . . . . . . . . ... , . 

6 17 59·51 
6 37 32 ·11 

h. m. S. 

3 38 39·67 
4 30 25·89 
4 33 49 ·00 
4 44 38·87 
5 28 31 ·04 
6 18 29 ·82 
6 38 03 -24 
Mean . . .. .. 

S. 

+31 · 30 
31 ·23 
31 ·15 
31 ·26 
31 ·17 
31"31 
31 ·13 

31 221 

Chronometer correction at 5b 32'" = + 31•·221±'"018 

Station: SYDNEY. 

Star. 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 
Observer: H . A. L ENEUAN. Date, January 22nd, 1904. 

- ========-=====:-::: 
CorrectE:ù transit 

o,·er 
mean of threads. 

R.A. Chrononwter 
co1-re<.:tion. 

-----·---------1- ---1-.-
h. m. s. 1 h. m. s. s. 

T Te..uri _. .. . . . .. . . .•.... .. . . . . . . . ... .... .... 4 35 5U·l3 4 36 30 ·24 ~31·11 
fJ Or,oms.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 Cl9 25 ·-19 5 09 56 ·68 31 ·rn 
li Orionis .. ....... .-. . . . . . . . . . . . . . . . . . . . . 5 2G 36 ·23 5 27 0ï ·42 :n ·rn 
a Colurnbœ. .. . . . . . • . . . . . . . . . . . . . . . . . . . . 5 :15 40 ·55 5 36 11 ·s1 31 ·23 
1 Canis Majoris. . . . . . . . . . . . . . . . . . . . . . . . . 6 16 os ·os r, 16 3!J·23 31 ·15 
'Y Geminorum.. ........... . . . . . . . . . . • . . . . . . . . 6 31 40 · 34 6 32 11 · 56 31 22 

l\IPan. . 31 · 182 

Cbrc.nometer coi rection at 5b 32m = + 31•·182±'"012 
25b-10 

• 
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PERSON AL EQUATION. 
TRANSIT OBSERVATIONS. 

Date, J anu:uy 22nd, 1004. Ob erver : Orro KLOTZ 
=================== 

Station : SYDNEY. 

Star. 
Corrected transit 

over 
mean of thrnads. 

R.A. Chronometer 
correction. 

----------·----------------------

µ. Eridani . . ... . . ................. . 
• Leporis... .. • . . . • . . . . . .. .. . . 

J g;r~~t:: ·::: : · : : : . : : : : : : : : ·:. : : ·. : . . .. . 
71 Geminorum. .... . . . . . . . . . . . . .. . . ... .... _. 
" Geminorum . . . . . . . . . . . . . . . . . . . . . . . . . .. 
~ Geminorum. . . . . . . . . . . . . . . . . . . . . . . . . . .. 

1 
h. m. s. 
4 40 11 ·99 
5 00 53·88 
5 19 28 ·90 
5 30 50·5-1 
6 08 35·40• 
6 22 46·16 
6 39 24·43 

h. m. S. 

4 40 43 ·23 
5 01 25·01 
5 19 60·22 
5 31 21 ·84 
6 09 06 ·56 
6 23 17 ·37 
6 3!) 55·65 
Mean ... 

Chronometer correction at 5h 32m= + 31•·226±•· 017 

PERSONAL EQUATION. 
TRANSIT OBSERVATIONS. 

S. 

+31·24 
31.13 
31 ·32 
31·30 
31·16 
3] ·21 
31 ·22 

31 ·226 

Station : SYDNEY. Date, January 23rd, 1904. Observtr: ,v. E. RAYMOND. 

Star. 
IJorrected transit 

over 
mean of threads. 

R. A. Chrunometer 
correcticn. 

---- ------------------ --------,----

-y1 Erida.ni .. . 
T Ta.nri . . ... . . ........ . 
• L eporia . . . .. .. ......... .. . . 
o Orionis 
K Orioni~ ..... ........ .. . 
/3 Canis Majoris .. ... . . 

h. m. s. 

3 53 01·26 
4 35 57 ·74 
5 00 52·32 
5 26 3-1 ·66 
5 42 40 ·9] 
6 17 57·12 

h. m. s. 

3 53 33·50 
4 36 30·23 
5 01 25·00 
5 27 07 ·41 
5 -!8 13 ·56 
G 18 29·81 
Me:in .. 

Chronometer correction at 5h 20"' = + 32• ·633±•· 027 

PÎ<:RSONAL EQUATJON. 
TRANSIT OBSERVATIONS. 

S. 

+ 32·54 
32·49 
32·6 
32·75 
32 ·65 
32·69 

32·633 

Station: SYDNEY . Da.te, January 23rd, 1904. ÛUSPr\"01': H. A. LK:ŒH.\N. 

o' Eridani . . 
µ. Ericlani 
Jj Orionis . . .. 
f Orionis 
17 f:-pminorum .... ,, ( ;Prninoru1n . .. 

Star. 
Corrected transit 

over 
mean of threads. 

R.A. 1 Chrunometer 
correction. 

________ ,_ 
h. 111. S. h. Ill. S. H. 

-1 06 39 ·21 -1 Oï n ·G-1 + :t? ·4a 
-1 40 10 ·70 4 40 43·22 32 ·52 
5 09 2-1 · 0-1 5 0!1 56•fi7 :tl 63 
fj 30 .J!'J-19 fj 31 21 ·sa 32 ·64 

........ .. 6 os 33 ·9.J. (j O!I 00-55 32 ·Gl 
.. . . . . . .. 6 22 4~ ·ï2 fi 21! 17,17 32 ·65 

::'IIt>an. 32 580 

Chronometer correction at 51• 20'" = + 32··580..t•· 024 

• 
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SESSIONAL PAPER No. 25b 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Station: SYDNEY. Date, J anuary 23rd, 1904. Obs11rver: ÜTTO KLOTZ. 

Star. 

------------

53Eridani... .. . ... .... . ................. .. 
,r1 Orionis ... . . .. ........ . 
-y Orionis ... . ...... . . . ...... ... . .... . .. . 
o. Columbre ......... ... .......... . ., .. ... . 
f C:i.nis Majoris .. ... . . ............. ... ... ..• 
-y Geminorum . . . . . . . . . ..... . ... . . .. . . .. . . . 

Corrected transit 
over 

mean of threads. 

h. m. s. 
4 33 15 -49 
4 44 06·28 
5 1!;) 27'60 
5 35 39·12 
6 16 06 '60 
6 31 38'87 

R. A. 

h. m. s. 
4 :l3 47 •99 
4 44 38 ·86 
5 19 60 '22 
5 36 u ·so 
6 16 39 ·22 
6 32 11· 56 
Mean ....... .. 

Chronometer correction at 5h 20m = +32'·615±•·019 

PERSONAL EQUATION. 

CLOOK COIIREOTION. 

Date. ·----- K-L 

Klotz. L enehan. Raymond. 

. 
$. S. s. s. S. S. B. 

N0v. 5, 1903 .. . ....... + 2·815±" 015 + 2 '8!1±' 019 + 2'934±' 010 - ·026 

Jan. 22, 1904 .......... 

1 

+ 31 '226±'017 + 31 ' 182± "012 I + 31'221±'018 + ·OH 

" 23, l!l0-1 ....... . .. +32· 615±" 019 + 32 '580±'024 + 32 ·633±'027 + ·035 

Weighted .. .. . .. .. . .. ....... .. ... + '018±'015 

That is, Klotz anticipates Lenehan , and R:i.ymond anticipates Klotz. 

25b-10½ 

Chronometer 
correction. 

-----
s. 

+32'(>0 
32·58 
32 62 
32·68 
32·62 
32·69 

32·615 

K-R 

----
S. 

- ·119 

+ ·005 

- ·018 

- ·067±'027 
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6-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 
Station : BRISBANE. Date, Septe~ ber 29th, 1!!03. Observer: Tuo . D. FRASER. 

è! 1 ~ 1 ·j 
T . "d.., ,§ Q ~~ 

ranslt c:::.:: . ~ ~ _g O., ~ f 
~ Star. overmeanof ca ce.!i ~ ~ ~ me;; R. A. § g 

tbreads. "i.i ;. ~ 8 .!: .; t 'll § § 

_J_, ____ , __ ,_ ..S., S.\ ~ ~ -~-, ~ 11~ 1---' 8_1 
h. m. s. s. s. s. r= + .01 s. 1 h. m. s. s. s. 

E oParnnis .. .. 195833·55 +·02 +· 041- 1·16 - ·011- 05 32·391 195!l17 ·93 + 45 ·54+· 17 
a2 Oapricorni .... 20 11 58 ·09 + ·02 - ·01 - ·18 - ·01 - ·02 57·59 20 12 43·52 ·93 - ·22 
fJ Oapricorni.... 14 51 ·55 + ·02 - ·01 - ·48 · ·01 - 02 51 05 15 36·88 ·83 - ·12 
î Oygni.... . .. 18 02 ·46 + ·01 + ·03 - ·60 - ·01 - ·02 01 ·87 18 47·56 6!l + ·02 
p Oapricorni. . .. 22 37 ·70 +· 02 ·OOI - 40 00 - 02 37'21

1 

2!! 22·95 ·74-·03 
a Delpbini.... . 3-1 25·75 + ·01 - ·02 - '48 00

1 
- 02 25 ·24 35 10·93 ·69 + ·02 

, Aquarii.... . . 41 43 ·-13 + ·02 - ·01 - ·47 ·oo - ·02 42 ·95 42 28 ·73 ·78 - ·07 

w 10 Capri~orni .... l 59 47·05 -·02 ·oo +· 4!) 00 -· 02 47 ·501 210033 ·os ·58 +· 13 
t Cygm ....... 21 08 05·56 -· 01 -· 02 +· 53 ·Jn -· 02 06·04 08 51 ·65 ·G1j+ ·10 
'Y Pavonis..... 17 43·89 - ·05 + ·04 + 1·13 ·oo - ·05 44 ·96 18 30·81 ·85 - ·14 
1 Capricorni. . .. 20 25·05 - ·02 ·oo + ·50 + ·01 - ·02 25 52 21 11 ·28 ·76 - ·05 
fJ Aquarii . . . . 25 H.47 - ·01 - ·vl + ·471 + ·01 - ·02 44 ·90 .16 30-511 ·611+ ·10 
~ Aqu~rii .. _ .... l 3152·~7 - ·021 - ·Cl +· 4j +· 01 -· 02 53001 3238 ·6!) ·69+· 02 
o Capricorm.... 40 58·62! - ·02 ·oo + ·48 + ·011- ·02 o!J·o7 41 44 ·72 ·65 + ·06 

"· 

a = +•· o24 ·= - • 462 

Chronnmeter correctioù at 2011 50"' = + 45' 715±' · 022 

,v lu Aqua1ii ... . . . 22 24 48"311 - ·10 - ·02 + ·47 - ·01 - ·02 48'63, 22 25 34 ·35 + 45'72 + ·02 
7J Aquarii .. 29 39 -75 - ·09 - ·04 + "46 ·oo - ·02 40 ' 07 30 25 ' 82 ·75 - ·01 
1• Pmsson .. . ... 34 34·97 -·u ·oo + ·52 ·oo - ·02 35 ' 36 35 21 ·07 ''il +· 03 

7J 1'.eg'.1-si ... 37 44'981 - ·os - ·os + ·53 ·oo - ·02 45 ·33 38 31 ·03 'ïO + ·04 
, Gru1s ........ 41 59'4!/ -· 1-11 + ·06 + ·75 ·oo - ·03 60 ' 13 42 45 "8.':l ·70 + ·04 
IÀ Aquarii ..... 46 50·G9 - ·09 - ·03 + "46 00 - ·02 51 ·01 47 36 ·79 ·18 - ·04 
o Aquarii . .. .. ·48 47 ·49 - ·101 

- ·02 + ·48 ·oo - ·02 47'83 49 33 ·70 ' 87 - ·13 

E a Pegasi ...... . 59 14·2G - ·01 - ' 06 - ·47 ·ool _ ·02 13'70 59 59·38 ·68 + '06 
let ;\quarii_ . . . .. 23 03 34 '78 - ·02 - ·01 - ·50 ·oo - ·02 34 ' 23 23 04 20·07 ' 84 - ·10 
'Y l oucam ... 11 05 ·52 - ·02 + ·09 - g9I ·oo - ·04 04 :66 · 11 50 ·33 ' 671+ ·07 
r Pegasi ... .. 15 08 ' 81 - ·01 -· Oï - ·50 ·oo - ·02 os · 21 15 53·92 -71 +· 03 
K Piscium . ..... 21 16"05 - ·01 - -04 - '46 -oo; - ·02 15 "52 22 01 ·201 '68 + ·06 
1 Piscium ..... 1 34 16 '07 - ·01 - ·05 - ·451 + ·01 - ·02 15·54 35 01 ·30 ' 761- ·02 

a= +•· 086 c= -•·461 
Ohronometer correction at 2211 57'" = + 45' 737± •·014 
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SESSIONAL PAPER No. 25b 

ci. 
Star. 

8 
"' 6 

--

1 
E a.2 Capricorni .... 

fJ Capricorni .. .. 
î' Cygni . . , .... 
p Capricorni ... . 
fJ Pa\'Onis .. . . . 

1
, Aquar[) .... 
µ, Aquaru ..... 

\V t Cygni ........ 
î' 'Pa vonis . .. ... 
l Capricorni .... 
fJ Aquarii .... .. 
t Aquarii ... . . . J Capricorni .... 

Capricorni .. .. 

w -y Aquarii .. .. 
71 ACJ,uarii ... ... 
, Poisson . .. .. 
71 Pegasi. .. . .. 
e Gruis . .. .. .. 
>- Aquarii .. ... .. 
ô Aquarii . . .... 

E c2 Aquarii ...... 
î' Toucani . .... . 
7' Pegasi .. .. .. 
K Piscium . . .... 
L Piscium . . . .. . 
ô Sculptoris .... 
27 Piscium .. .. 

TRANSIT OBSERVATIONS. 

Date, Octobtr 2nd, 1903. Observer: Tuos. D. FRASE 

1,èô 
r 

I'.: 
8 >, 

"' .; """" .... Trausit .:;.:: 
.'.Ï -~ 0 O_.; 

over mean of ce d i "' 
..., ., .~ R.A. "' """' threads. ...... "0 " 8 Q.) ~ "" g? cr.;: -~ . ::: 0"' ..., ., 

<) ... 
Q) .,::,. 

" 0 ~ 1 ~ 
.,..., 

>-< <Il 0 r:11 
---- ----------- ----

h. m. s. s. h. m. s. S. S. 8, r= + 02 S. 

20 11 56'84 +· 04 - ' 03 - ·42 - ·01 - ·02 56'40 20 12 43'46 
14 50·06 +· 04 - ·03 - ·42 - ·01 -· 02 49'62 15 36 "84 
18 00·93 + ·02 - ' 16 - •53 - ·01 - ·02 00 23 18 47·49 
22 36'14 +·04, - ·02 - ·43 - ·01 - ·02 36·70 23 22 ·90 
35 31'86 + ·07 + ·22 - 1·01 - ·01 - ·05 31 ·os 36 18 ' 40 
41 41 '96 +· 04 - '04 - ·41 - ·01 - ·021 41 ·52 42 28·68 
46 41 ' 76 +· 04 -· 01 - ' 41 ·oo - ·02 41 ' 33 47 :.!8·51 

21 08 04 ·oo - ·02 - ·13 +· 47 ·oo - ·02 04'30 21 08 51 •59 
17 42·43 - ·06 + ·21 +· 99 + ·01 - ·05 43 ·53 18 30 ·70 
20 23 ·63 - ·03 - ·01 +· 44 +· 01 - ·02 24'02 21 11 ·24 
25 43·01 - ·03 - ·05 +·41 + ·01 - ·02 43 ·33 26 30 "48 
31 51 ·01 - ·03 - ' 04 +·•n + ·01r·o2151'34 32 38·66 
33 58'90 - ·03 - ·03 +· 43 +· 01 -· 02 59 ·26 34 46 "471 
40 57· 13 - ·03 - ·03 + ·42 + ·01 - ·02 57'48 41 44 ·69 

1 

a= +•· 138 c= -•· 404 
Cbrnnometer correction at 20" 56m= + 47•· 215±•· 014 

22 15 54·75 - ' 06 - ·04 + ·50 - ·02 - ·02 55·11 22 16 42 ' 21 
29 38'19 - ·05 - ·04 + ·50 - 01 - ·02 38 ·57 30 25'80 
34 3:; ·34 -·06 ·oo + ·57 - ·01 - ·02 3~·82 35 21 ·05 
37 43·35 - ·04 - ·os + "58 - ·01 - ·02 43 ' 78 38 31 ·00 
41 58"04 - ·()8 + ·06 + ·s1 - ·01 - ·03 58·,9 42 41> ·79 
46 49 '23 - ·05 -· 02 +·51 - ·01 - ·02 49·64 47 36'77 
48 46 "13 - ·05 - ·02 + ·52 - ·01 - ·02 46 ·55 49 33·68 

23 03 33 '41 - ·02 - ·01 -' 54 ·oo - 02 32 '82 23 04 20·06 
11 ,,3· 92 - ·03 +·os - '!)7 ·oo - ·os 02 ·97 11 50·30 
15 07 ·43 - ·01 - ·07 - ·55 ·oo - ·02 06'781 15 53•911 
21 14·47 - ·01 - ·04 - ·50 + ·01 - ·02 13'91 22 01 · 19 
34 14·61 - ·f,1 - ·051 - ·51 + ·01 - ·021 14 ·031 35 01·29 
43 09·27 - ·02 ·oo - ·57[ + ·01 - ·02 08 ' 67 43 56'00 

- ·02 58~821 52 59·36 - ·01 - ·031 -·50 + ·02 53 46 ·02 

Chronometer correction at 23h 04m = + 47• · 200±' · )18 

.; 
0 .... ~ ,,..., 

~~ 8 ... 
00 

"" g 
,.c 
0 

S. 

+ 47'06 
·22 
·26 
·20 
·32 
'16 
·1s 

·29 
·17 
·22 
·15 
·32 
·21 
·211 

+47'10 
'23 
·23 
·22 
·oo 
·13 
'13 

·24 
·33 
'13 
' 28 
·26 

v. 

---
S. 

+ ·1 
- ·01 

5 

5 -·o 
+ ·01 
-·n 
+ ·05 
+·03 

-·o 8 
4 
1 
6 
1 

+·o 
-·o 
+· c 
-·1 

·oo 
00 

+ ·1 
-·o 

0 
3 
3 
2 
0 

-·o 
-· o 
+· 2 

~ +· o, 
+· o 

-·o 

1 

4 
a - 'l' 

+ · 
- ·o 
-

' 331- ·1 
·20 · 

07 
8 

06 
3 

00 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station : BRISBANE. D a.te, October 3rd, 1903. Observer : Taos. D. FR.\SER. 

ci. 
a 
~ 
0 

Star. 

1.è! 1 1 1 ~ g 
Transit ]; S Il § ~ fj 

ov:h~=d~~ of~ i J 1 :i ~ .ê il R. A. ~ ~ ,,. 
à, a> O. ·~ ~ ~ .8 9 h 2 

H 1 -t o ç,; ~ a5 Ô 1 

\ h. m. s. 1 s. s. s. r = ! ·ol s. l -h-. -m-.-s-. - ,,. -~ --;-

E [a2 Caprioorni . . . 1 20 11 56·03 ·oo - ·02 - ·51 - ·01 - ·021 55·47 20 12 43 ·45 
/3 Caprioorni . . . . H 4!J·33 ·oo - ·02 - ·51 - ·01 - 02 48 ·77 15 36·82 
-y Cygni.. .. . . . 17 GQ·16 ·oo - ·09 - ·64 - ·01 - ·02, 5q ·40 18 47·45 
p Capricorni... 22 35 ·4!) ·oo - ·01 - ·52 - ·01 - -02 ~4-93 23 22·88 

H 7·98 - ·03 
48 "05 - ·10 

·oo - 11 
4.7 ·95 ·oo 

·95 00 
·88 + ·07 
·9'.?,+ ·03 

/3 Pavonis... . ... 3.3 31 5ï ·oo + ·12 - 1·23 ·oo - 05 ;io·41 36 18·36 
y, Capri~rni... . 39 3ï •24 ·oo ·oo - -55 ·oo - ·021 ~t; ·67 40 24·551 
e Aquarn. . . . . . 41 41 · :n ·001- ·02 - · 50

1 
·oo - ·02

1

40·77 42 28·69 

w r Cygn1 ....... 21 os 03·241 - ·02 - -011+ ·BG1 ·oo - ·02 o3·6\J 21 08 51·58 
-y Pavonis.. . . . . 17 41 -451 - ·oG + ·111+ 1 ·20 ·oo ·- ·05 42 ·6fi 18 30·67 

w 

E 

f Capricorni. . . . . 2-0 22·86 - ·041 - ·01 + -54 ·OO - ·02 2;1 ·33 21 11 ·23 
{3 Aquarii. . . . . 25 42·14 - ·03 - ·02·+ ·501 ·oo - -02 42· 1>7 21; 30 ·4t; 
~ Aquarii ...... 3150·:'\71 -- 03 - ·œi

1

+ ·50 + ·01 - -02 50·81 3238 ·641 
-y Ca.pricorni. ... :13 57·\J~ - ·03 - ·01 + ·521 + ·01 - ·02 5 ·45 34 46·4 
ô Capricorni. . .. . 40 56·221 - ·03 - 02

1 

+ ·51j + ·01 - ·02 56 ·67 41 44 ·67 

rr Aquarii ....... 
1J Aquarii . .. . ... 
, Poisson., ...... 
11 P egasi .. . . ... 
I' Gruis ... ...... 
X Aquarii. . . 
ô Aquarii. -···· 
c2 Aquarii . .... 
-y T ouoani .. .. ... 
T P egasi .... .... 
K Piscium ... .. 
, Pisciulli . 
o Sculptoris .. ... 
27Piscium . 

------
n= +•· 079 c= -• ·491 

Chronometer correction at 20h 56m = + H •·954±•· 0H 

2t 24 46 "04 
.l9 37 ·50 
34 32 "59 
3: 42 "65 
41 57·U) 
46 48 ·3[) 
48 45 '28 

23 03 32 ·53 
11 0;;·26 
15 06 ·32 
21 13 ·70 
34 13·841 
43 08·05 
52 58 ·49 , 

- ·05 ·oo 
- ·Qi; ·oo 
- ·on 00 
- ·04 + ·01 
- ·os - ·01 
- ·of> ·oo 
- ·06 · oo 

·oo ·oo 
·oo -· ·01 
·001 + ·01 
·oo ·oo 

::1 ·oo 
·oo! ·oo 
·001 

+ ·,11; 
+ ·44 
+ ·50 
+ ·51 
+· 72 
+ · -15 
+· -16 

- · -18 
-- ·86 
- "48 
- · .j.j 

- ·01 - ·02 46·41 
- ·01 - ·02 37 ·86 
- ·01 - ·02 33·00 
-· 01 -· O'.l 43 ·10 
- ·011- ·03 57'78) 
- ·01 - ·02 48 "76 
- ·01 , - ·02 45"65 

-ool - ·02 32 ·03 
·oo - ·03 02 361 ·oo - ·02 05 ·83 
·oo - ·02 ]3 ·24 

+ ·01 - ·02 13·38 
+ ·01 - ·02 os ·oa 
+ ·01 - ·021 58·041 

a = +•· 006 c= - •· 444 
Chronometer correction at 23h 08'" = + 47•·!l7l±• ·012 

22 25 34·3~1 
30 25 ·79 
35 21 ' 04 
38 30 ·9!) 
42 45 ·77 
47 36·76 
49 33 ·c;7 

23 04 20 ·05 
11 50·29 
15 53·911 
22 01 ·18 
35 01 · 29 
43 M ·no 
53 46 ·021 

·s!l l+ ·06 
48 "0] - ·06 
47 ·90 +· 05 

· 9 + ·06 
"83 + ·12 

4s ·o3 - ·os 
48 ·00 - ·05 

+ 47 ·91 +· 
·93 +· 

48 "04 

06 
04 
7 -· o 

·891+ · 
-99 - ·o 

os 
2 
3 
5 

·18 ·00 - · (I 
·02 - 0 

·or· o 47·93 + · 
48 ·08 - ·1 
47 ·94 + · 

5 
04 
1 

03 
·91 + ·06 
·ii7 ·oo 
·98 - ·01 

, 



ix REPORT OP THE CHIEF ASTRONOMER 151 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : Bmso.~:si,;. D,~te, October 6th, 1003. Ob erver: THO . D. l<'RASgR. 

ci. 
5 
" 5 

1 
1_50 

>, 1 -0.., 
Transit ,::·-

O\'er mean of œ ~ i, j 
threads. .; ;,§' 

j .,·5.1 

h. m. s. 1 s. 
E p Capricorui . . . . 20 22 32 · 64 - · 01 

/3Pavonis ...... l 3528 ·42 -· 01 

e Aquar11.... ... 41 38·5tJ - ·01 

I
V' Capric?mi . . . a9 34 · 4~ - · 01 

µ, Aqœirii ... . .. 46 38·45 - ·01 
32Vulpeculœ.... 49 38·50 ·oo 
() Capricorni.... 59 42·9b - ·01 

'\V 'Y Pavonis . . . . . . 21 17 38 · SG 

I
r Capricorni . . . . 20 20 · 11 
p Aqnarii . ... .. 25 39· 50 
·~ Aquarii. . .. ... 31 47·70 
e Pegasi ........ 

1 

38 37 ·71 
o Capricorni .. .. 40 ii3 ·67 
, Pegasi . . . . . . . . 22 01 42 26 

- ·17 
- ·10 
- 08 
- ·(,9 
-· 07 
- ·O!)I 
- ·06 

1 

1 

1 

ci 

-5 -~ ., 
::, 

:Ë . § 
" ë 

<:1 0 

+ ·30 + 1 ·07 
- ·(12 + ·48 
- ·07 + ·44 
- ·07 + ·44 
- ·12 + ·44 
- ·04 + ·461 
- ·11 + ·48 

j 
dl 

;:,::: 

..; ... 
0 
0 

ci -0 O..; ·.;; ,,, ._ 
dl 'O "' ... ,:: ,:: 
"' 0 dl 

" 0 ... 
~ ., .., 
< rn 

·oo - ·05 40 ·01 
·oo - ·021 20 ·45 
·oo - ·02 39·77 
·oo -·021 47·9ti 
·oo - 02

1 
37·94 

·oo - ·02 53·98 
+ ·01 - ·021 42·50 

a =+• ·204 c= -•· 438 

R. A. 

2118 30 ·56 
2111·1!) 
26 :io ·43 
32 38 ·61 
39 28·56 
41 44·64 

22 02 33·15 

Cbronometer correction at 21" J2m = + 50'·636±•·012 

w € Gruis . ... . .... 22 41 54·57! -·2) +· 02 +· 75 - ·01 - ·03 55 ·04 22 4'.l 45·741 
µ, P egaai . ..... . 44 32 ·05 - 12! - ·03 + ·50 - ·01 - ·02 32 ·37 45 22 ·91 
~ Aqnarii ...... 46 45 ·ss: - ·17 - ·01 + ·47 - ·01 - ·02 46·12 47 3t; ·74 
o Aquarii . ..... 48 42 ·771 - ·181 - ·01 + ·48 - ·01 - ·02 43 ·03 49 33·65 
la, Piscis _':',us~ ... 51 30·08, - ·20 ·oo +· 54 ·oo - ·02 30'40 52 21 ·08 
c-Aq nan1 ..... . 23 03 29·131 - · 19 ·oo -,. ·50 ·oo - ·02 29·42 23 04 20 ·04 

E î' Toucani ... .. . 11 oo·so - · 22 + ·o:i - ·89 ·oo - ·03 59·69 11 50·26 
K Piscium . ... ... 21 11 ·191 - ·12 - ·02 - ·-tu ·oo - ·02 10 ·57 22 01·1 

' Piscium ....... 34 ll •2ï - ·11 - ·021 - ·47 ·oo - ·02 10 ·6j 35 01 · 2!1 
o Seul ptoris ..... 43 OG ·OO - ·151 ·oo - ·53 ·oo - ·02 05 ·30 43 56·oo 
<f, Pegasi .. ..... 46 46 ·!)]1 - ·10 - ·02 . - ·49 ·oo - ·02 46 ·28 47 36·!)8 
27Pi ·ium . . . .. . . 52 55·99 - ·13 - ·l)t \ - ·4GI + ·01 - ·02 55 ·33 53 46 ' 03 
2 Ceti ... . . .. . 57 59 ·60 - ·14 -· ·01 - ·4sl + ·01 - ·02 59·16 58 49 ·so 

Chronometer correction at 23" 19"'= + 50' ·638± •·010 

~.§ 
Q,.;.; 
., 0 

"" El~ v . oc 
C 0 
,:; .... 

..c 
0 

s. 1 s. 
+ 5()·71 - ·07 

•ti6 - ·01 
·61 + ·03 
·u1 + ·03 
·53 +·n 
·m - ·03 
·57 + ·07 

·55 + ·09 
·74 - ·10 
·(j6 - ·02 
·u5 - ·01 
·(i2 + ·02 
·GG - ·02 
·66 - ·01 

+50· 70 - ·06 
·54 +·10 
·52 + ·02 
·62 + ·02 
68 - ·04 
62 + ·02 

·57 +· 07 
·(il + ·03 
·fi-! ·oo 
·70 - ·06 
·70 - ·06 
·(i5 - ·01 
· (l4 ·oo 
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5-6 EDWARD VII., A. 1906 

TRANS Il OBSERVATIONS. 

Station : Bur BANE. Date, October 7th, 1903. Ob erver : Taos. D. FRASEH. 

l.è~ i ... ~ 
"O.> - 1 ci ~~ 

Transit \ ~:.: . ..3 -~ b ~ Ë t 
Star. over niean of d 11 -5 d d U)•oo R. A. 

~ 1 tbreads. lai " ~ ~ .§ ,, 1 t "8 :ï_ , c~ g 
v. 

... ;> C'._ ~ - ~ ,,, 0 . -
~ <Il a, a. ·;: ô ce .b ~ z ..c 

u ~ < o P:: 1 < en o 

Jp_C_a_p,-·ico-r-ni~ ~ :~ ;;·_3_:_:8-1 /09 - \2--- 8-:5-3 r = i :g}

1

_ \~-3-J-·3_2 _________ _ h. m. s. 1 8. 
1 

S. 

20 23 22·31 + 51·i!J1- ·o 1 
tl Parnnis... . .. 35 27·67 +· 17 +· 23 - 1·26 -· 01 -· 05 26·75 36 18'19 
w Capricorni... 3!lJ3·40 +· 10 -· 01 -· 56 ·001- ·02 32 ' 91 
, C,vgni . . . .. . . 41 29·21 + ·05 - ·16 - ·601 ·oo - ·02 28·48 
" Aquarii . . . . . 46 37 ·51 + ·os - ·05 - ·51 ·oo - ·02 37·01 
.J!Vulpecuhe . . . , 49 37 ·70 + ·0fi, - ·14 - ·57 ·00 - ·021 37 ·03 
IJ Capricorni.. 59 41·88 +· on - ·03 - ·53 ·oo -· ·G2 41·39 

40 24·49 
42 20 ·00 
47 28 ' 44 
50 2 '46 

21 00 32 93 

w 'l' Pavonis .. . ... . 1 21 l'i 37 ·4!! + ·11 + ·22 + 1 ·22 ·ool- ·o51 38 ' !191 s Capricorni . . . 20 rn·J3 + ·07 - ·01 + •f>:i ·oo - ·02, l!J·72 
IP Aquarii . . . . . 25 38 ·511 + ·oG - ·05 + · iH ·oo - ·021 3!J·o1I 
-~ Aquarii . 31 4(i •61 1- ·06 - ·05 + ·51 ·oo - ·02 47 ·11 
')' Caprico ni.. .. J5 5-1·391 + ·061 - ·03 + ·53 ·001 - ·02, 54 ·93 
,r, Capricorni . . . 40 52 ·G2 + ·06 - ·031 + ·52 + ·01 - ·oi 53 ·1G 
1,6 Pegasi . .... 47 50·28, +· 0-11- ·13 +· 56 + ·01 - ·021 50 ·74 

18 30·52 
21 11 ·1s 
26 30'41 
32 3 ' 60 
3-1 46'41 , 
41 44'63 
48 42·201 

a = +•· 153 c= -• ·503 
Chronometer correction at 21" 05"'= + 51•· 479±' ·010 

W ~ Aquarii.. . . . . 22 48 41 ' GO 
a Pegasi. . . . . . . 59 07 -37 
r2 Aquarii . .. . 230327'93 
y Toucani . . . . . . 10 1\S·Ol 

+ ·O!l l 
+ ·01; 
+ ·09 
+ ·13 
+ -oo 
+ ·07 
+ ·07 

-- 01 + ·43 
- ' 04 + -43 
- ·01 + ·45 
+ -oo + -so 

- -01 - -02 42 -osl 22 49 J3 ·65 
- ·01 - -02 07 ·79 59 5\!'3-1 

·OO - ·02 28 ·-H 23 04 20-04 
·oo - -o~ 5S•!Jï 11 50·25 

- Pega~i . . . . . . . l:, 01 · !l2 
K Piscium . . . . . 21 09'16 
, Piscium ·1 34 09 ·2fl 

E ô Sculptoris . . 43 0-1 · 801 
11> P_eg':'si.. . .. . 46 4'> · 88 
2; P1scium .. . . . / 52 54 '81 
30Pui~son. . . / 5H ~1 · 56 
2 Cet1. . .. .. . i 57 t>8 · 63 
a Andromedœ .. . 2-1 02 35 -37 
lç Toucani. 14 14 - 4 

+ -13 
+ ·091 

+ ·111 +· n 
+ ·12 
+ ·os 
+ -23 

- -05 + · 45 
- ·03 + ·H1 
- -0-1 .J ·41 

1 

-oo -47 
- -05! ~ 4-1 
- ·03 - ·,H 
- -021 - ' 42 
- ·01 1 - -43 
- ·0(i - · -17 
+ ·oo - 1-00

1 --------
a = +•· 063 

·oo - ·02 02 ·36 15 53-s9 
·oo - -02 09 ·59 21 Gl ·111 
-oo - ·o'll 09-71 35 01-29 

·oo - 021 04 ·44 43 56 ·oo 
00 - ·02 -15"46 -17 36·!) 
00 - ·02 54 46 53 -t6 ·03 
00 - ·02 11 21 57 02-72 
00,- -021 58 29 5 49 80 + 01 - ·02 34 91 24 03 26 ' 45 

+ ·01 - -04 14 131 15 05 55 

Chronometer correction at 23h 31"' = + 5J •· J22~• 016 

·-1-1 + ·o 4 
·5 1- ·1 0 
·52 - · 04 
·43 + ·o 5 
·431+ ·0 5 
·M - ·o 6 

·53 - ·o 5 
2 ·46 + ·o 

· 40 +· 08 
•49 - ·o 1 
·4 . 00 
·411+ ·o 1 . 
·-161+ ·0 2 

+ 51"571-· 05 
·55 - '03 
·6u - ·os 
-~s

1
+ ·24 

':>31- -01 
·58 - ·06 
·58 - ·0o 

-561 
- ·04 

·52 ·oo 
·57 - ·05 
-51 + ·01 
·51 + -01 
-54 - ·02 
-42, + -10 

1 
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SESSIONAL PAPER No. 25b 

PERSONAL EQUATIO T. 

TRANSIT OBSERVATIONS. 

Station : SocTUPORT. Date, October 2Srd, 1903. Observer : O'l"l'O KLOTZ. 

.{ë 1 ,.; i:i 
>. g â>•~ 

Transit ] :~ -~ '5..3 1 a3g 
ovt"r mean of_:~ .rl -È ~ d oo- .- R. A. ~ ~ 

tl ri a,::>O::, P ~~ -o 
1re:1. s. > > I E ;.:: .,; t: "' ~ ë 

C"'. ;::: ..... - ~ g,;, )( ... ... 

~ ~ - 1 ~ 8 ~ ~ JJ ~ · d 

Star. 11. 

1 b. m •· 1 s. 1' s. s. r=
8
:.._. 45 s. h. m. s. m. s. l; s. 

E a 'l'oucani .. . . . 22 1G 35·30 + ·15 + ·M - ·30 + ·62 - ·04 36·Z7 22 11 ;;5·37 -4 40'90 + ·05 
-y Aquarii...... 21 22·62 + ·os - ·211 - ·14 + -59 - ·02 22·92 16 41·991 ·93 + ·os 
l
u Aquari~..... . 30 14-71 + ·OS - ·14 - ·15 + ·52 - ·02 15 ·011 25-34 •12 ·88 + ·03 
1/ Aquam.. ..... 35 06 ·23 + ·os - ·221 - ·14 + ·43 - ·02 06·4J 30 25·59 ·s21- ·03 
i' Pegasi . . . . . . 41 21·5c; + ·07 - -30 - ·15 + -44 - ·o:t 21·60 36 40·78 ·s2 - ·03 
1/ 1:'egasi. . . . . 43 11 ·73 + ·05 - ·47 - ·17 + ·42 - ·02 li ·54 38 30·78 ·10 - ·09 
µ, Pegasi .. . ..... 50 03·71 + ·06 - ·42 - ·16 + 37 - ·021 03 ·54 45 22·7s ·7G - ·09 

- -07 - ·02 3(;·88 23 43 55·91 ·!)7 + ·12 
- ·w - ·02 11·ss 47 36 ·02 ·96 + ·n 
- ·15 - ·021 04·27 54 23-43 ·s4 - ·01 
- ·1s - ·02 30·60 58 49·75 ·s5 ·oo 

w o Seul ptoris . . . 2:i 48 36'97 - '16 ·oo 
+ ·161 </> P egasi . ... 52 18'32 - ·10 - ·37 + ·J.5 

w Piscium ..... 59 04'6ï - ·10 - '28 + ·rn 
2 Ceti ... . ..... ·. 21 03 30-sr. - ·12 - ·o!J + ·15 

08 07·85 - ·07 - ·4(:j - ·22 - ·02 07 ·24 24 03 26"41 ·83 - ·02 
12 59·56 - ·os - ·34 + ·15 - ·25 - ·02 59·02 os 1s ·2-2 ·so,- ·05 

- ·301
- ·05 46·12 15 05'37 ·75 - ·10 

---'-------------....!___...:__...:_ __ _:_I _ _;___-'--_ 

la. Andromedre .. 
+ ·161 -y .~egasi. : . . . ... , 

i' l oucam ...... 19 45·62 - ·21 +· n j + ·35 

E a Pegasi . ..... 
v2 Aqnarii . .. .. 
-y Toucani .... 
-r Pegasi . .. ... 
K Piscium ...... 

' Phœnicis . .... 

' Piscium ...... 

w ~ Hyclri ........ 
12 Ceti .. ..... . 
• Andromedre . . 
~ Ceti .. ........ 
0 Pisci ,,m .... .. 

1

20 Ceti .. ... .... . 
µ, Andromedre . . 

a.=+• ·484 

Cbronometer correction at 23h 39"' = - -tm 4()! ·848± ''015 

23 04 39 -93\ + ·n - '31 
09 00 ·421 + ·rn - ·Q.j 
16 30 ·l!J + ·25 + ·44 
20 34 '82 + ·10 - ·38 
26 41 ·;;7 + ·13 - ·21 
34 35·63 + ·llQ + ·16 
39 42 ·17 +· 13 - ·u 

0 25 24·31 - ·39\+ 1·GO 
29 50·41 -· 12 -· JS 
38 11 ·49 - ·os l - ·42 
43 2s· 17 - ·Hl - ·os· 
4~ 24'28 -· 11 1 - ·21; 
52 48 '22 - · 121 -·20 
56 08"41 - '06 - '6] 

1 

r= - ·45 
- · 14 + ·26 - ·02 
- · 14 + ·23 - ·02 
- ·26 + · 17 - ·04 
- ·15 + ·14 - 02 
- ·J3 +· 10 - ·02 
- ·18 + ·04 - ·03 
- ' 13 ·00

1 
- ·02\ 

+ ·G3\ 
-- 34' -- mJ 

+ · J3 - ·381- ï,2

1 

+ ·15 - · -14 - ·02 
+ ·14 - ·-1s1 - ·02 
+ ·14 - ·52 - ·021 
+ ·13 - ·55 - ·02 
+ ·17 - ·581- ·02 

c= -•· 134 

Observer: Taos. D. FRASER. 

1 
3!)·88 22 59 59·21 - 4 40 ' 67 - ·09 
00·60 23 04 19-90 ·70 - ·06 
30 '75 11 49 ·95 · 0 + ·04 
3 1-51 15 53·73 ·73 - ·03 
41·s-1. 21 (n·os ·76 ·oo 
35·s2 29 5+ ·95 ·87 + ·n 
41 '91 35 01 ·22 ·69 - ·07 

25-72 
4!J '84 
10 ·68 
27·5!) 

23·511 47 ·46 
07 · 41 

0 20 45 ·01 
25 OS ·!:J2 
33 29 ·91 
38 46'77 
43 42·741 
48 06 '70 
51 2G·HS 

·71 - ·05 
·\J2 + ·16 
·77 + ·01 
·s2 + ·v6 
·77 + ·01 
·16 ·oo 
·73 - ·03 

Chronometer correction at 23h 3!Jm = - 4"' 40' · 765±' · 014 



154 

l'ltation: BRISBANE; 

:i 
Star. 

s 
d 

6 
-------

E ( Pegasi . . ..... 
À Aquarii ...... . 
ô Aqua.rii . . ..... 
a Pegasi ...... 
c2 Aq uar~ . ..... 
'Y loucam .. .... 
T Pegasi ........ 

w 12 Oeti ....... ... 
!{3 Ceti ......... 
ô Pisciuru .... ... 
20 Ceti ......... 
< P1sc1um ....... 

1 

/3 Phœnicis. . . . 
fJ CeLi ..... . 

E a Aqua.rii .... 
, Pegasi .. 
a 'foucani . . 
'Y Aquarii ... 
" Aqnarii . 
1) Aquarii .. 
f Pegasi .. 

\V ( Piscimn .. 
ô Seul ptoris . 
cp Pegasi . . 
27 Pisciun1 . 

... 

2 Ceti ..... 
a Ancl romP.dre . 
1:J H ydri . .. 

DEPARTMENT OF THE lNTERIOR ix 

5-6 EDWARD Vlk, A. 1906 

PERSONAL E~lUATIO . 

TRAN IT OBSERVATION 

Date, October 2!Jth, 1903. Observer, ÜTTO KLOTZ • 

. éO ;.; ,:: 
>, ë 0 ... _ 

'O..., ci Â 
c:., .,..., 
~ ..., " Transit -·- 0 St «-;; .5 -~ 0 0.; 

over mean of :;; ·.:, ,,,._ R. A. 11. .e 'O "' oO 
threads. ...... ~ ~ " .ê ,: " E .fi t: ~ ~ ~ (7.,... 

"N 0 
., 0;. ~ 

" "' p. d .Jj fil.., ..c 
...-:i < 0 ~ < tfJ 0 

~~ -s-. -1~,-s-. - r= ! -02 --:-----------
h. m. s. m. s. s. 

22 44 ]6·22 + ·02 + ·02 - ·43 
46 29-93 +· 03 + ·01 - · -10 
48 26· 881 +·04 + ·01 - ·41 
58 52"61 + ·03 +· 02 -· 41 

23 03 ]3 ·31J + ·0-1 ·oo - -43 
10 43"6!) + ·06 - ·02 - •ïfi 
H 47 · 2l; + ·o3 + ·02 - -43 

~ 2-1 01·55 - ·()3 +· 01 + ·3!) 
37 39-:14 - ·03 ·ou +· n 
42 35-42 - ·03 + ·01 +· 40 
46 59-39 - 03 + · 01 + -39 - _, 
06 51 0o - 03 + 011 + 40 

25 oo 41·31 - ·06 - ·01 + ·no 
18 OG ·s5I - ·0-1 + ·ut + ·-10 

1 

- ·021- ·021 15-79 22 45 22·67 
- ·02 - ·02 29-53 47 36·53 
- ·02 - ·02 26"48 -19 33 · 44 
- ·01 - ·02 52·22 5\J 59· 14 - ·011- ·02 12 ·89 23 04 19·83 
- ·01 - ·03 42"93 11 49 "81 
- ·01 - ·02 .J(i •87 15 53-71 

+· 02 - ·02 01-92 24 25 08"91 
+· 02 - ·02 39-72 38 46 "76 
+ ·02 - ·02 35- 0 43 42 "73 
+ ·02 - ·02 59·76 48 oo·69I 
+ 03 - 021 51 H 01 58 321 
+ ·03 - ·(13 41 1 25 01 4 ·64 
+ ·03 - ·02 01·23 19 u· 1\ 

c= -•· 394 
Chronometer correction a.t 23h 35"' -= + l"'0G•·()J8±•· 0l3 

t-106 . +· o -1 
8 

04 
00 
2 

07 ·00 ·o 
06·96 - · 

·92 
·\j4 - .0 
·88 +· 0-1 

8 ·84 + ·o 

·!)9 - . 
07·04 - "i 

07 
2 
1 00-93 - ·o 

-93 - ·o ssl+ o! 
·so + ·12 
·s +·04 

Observer, TH O~. D. FRASER • . 
21 59 .14-J 1 

1 jr =+ 021 
+ ·03 +· os - ·='>o -· o3 - ·02 44-00 Z-2 00 51 · 17 + l 07.17 - ·0-1 

22 01 26·06 + ·02 +· 161 -· 551 - ·03- ·02 25"6-1 02 32 ·811 ·17 - ·04 
10 49 "27 +· 06 - ·21 - 1 ·03 - -03 - ·()4 48"02 li 5ô 17 · J& - ·02 
15 35 ·20 + ·03 +· o~ - 5() - ·03 - ·02 34 ·76 JG 41"!12 ·16 - ·03 
i.J 27 ·3~ + ·03 + ·05 - ·51 - ·021- ·02 26"91 25 34-05 ·14 - ·01 
~ 18·86 + ·031 + ·•J8 - ·50 - ·()2 - ·02- 1s· 43 30 25·5-1 ·n + ·02 
35 3.J ·04 + ·03 +· u - ·51 - ·02 - ·02 33-1;4 36 -10 ·71: ·07 + ·06 

23 33 53 ·6(i + ·03 - ·04 + · 51 ·oo ~ ·02 5.J.14 23 34 61 -17 -o) + ·10 
42 48 "0!) + ·(l.jl ·oo + ·57 ·oo - ·02 48"6 43 55·86 · 18 - ·05 
46 29"28 + ·02 - ·05 + -53 ·no - ·02 29·76 -17 36 ·89 ·13 ·oo 
52 38·41 + ·u3 - ·03 + ·oo +· 0J - 02 ::is-90 53 45·951 ·05 + ·vs 
57 -12 ·11 + ·03 - ·01 + ·53 t ·01 - ·02 42·G5 5il .l9·71 ·OG + ·07 

24 02 18 "57 + · 021 -· 07 + -57 + ·01 - ·02 1!1"08 24 03 26 "~8 -30 - ·17 
rn 34 ·vs + ·10 + ·26 + 2·37 + ·01 - ·09 37·631 20 44-77 -14 - ·01 

a,= -•· 188 a 2 =+'· 072 r=-• ·500 
Chronometer corri,ction a.t 23h 3;)'" = + 1""07•·13.J ::!::• ·014 

H Pnce the weighted persona] equation of the two values, Fraser a.nticipates Klot, •· t53± 1 ·0H 
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SESSIONAL PAPER No. 25b 

TRANSI T OBSERVATIONS. 

St1ttion : NORFOLK 1s 1,.\!m. Date, December 5th, 1903. Obsener, F. W. O. WERRY. 

.éO ~ Q 
>i 8 s--2 

~+:i C ,.. ._ ~~ 
Tran~it ~= ..; . .3 .g o ~ 8 s-

over ruean of!" "-5 - "' - .,g·,; R . A. 0 g 
threads. ~ ~ ~ S 8 i ~ g f § 

~ "li ~ "N O ce ~ g ~ ~ 
H <t: o:,:; -"1tn 10 

v. 

- ---- -- ____ , __ ---- - - -- -·- ------ - - --

E ltl Phœnicis. . . . . 1 

it~ .Pt.s~.iu.~:: :. : : 
-y Phmnicis . . .. . 
22 ..... .. ... . . 
a Eridani .. . 
v Piscium ... . . . 

W 542 . .. ....... ... . 
5-14 . . ... . . . . • ... ' 
37... .. .. . .. .. 

1 <J' Baleine ..... . 

;Je~L : : : : : : : : : : 1 
39 .... . .. ... . . 

w 1547 . ... ........... 
tl F <>macis .. . ... 
14G . .... ..... .. 
, Arietis .... ... 
47 . . .. ......... 
µ, Horologii . .. . .. 

E 549 . .. .. ......... 
53 . . .. ... . . 
55 ............. ,B.A.C. 1106 . . . 

~~~U~~ll::: :: • 

h. m. s. s. s. s. 'r = ~ ·.fü s. h. m. s. s. s. 
l û2 0G ·2(i

1 
- ·05 + ·30 - ·70 

o9 02 ·0, - ·os - ·39 - ·4s 
19 s2 ·49 - ·os - ·2s - ·.is · 
U 30 ·57 - ·05 .,. ·23 - ·66 
26 40 ·20 - ·03 ' - ·4ï ~ ·49 
34 w·n - ·oo + ·59 .. ·89 
36 45·53 - ·03 - ·39 - · -18 

39 51· 841 4, 01 ·,t; 
2 23 22 ·30 

27 50 ·85 
31 09 ·18 
3341 · 13 
34 52· 55 

-· 14 
- ·21 
- ·40 
- ·10 
- ·2G 
- ·64 
- ·32 

+ ·49 
+ ·4s 
+ ·4s 
+ ·49 
+ ·4g 
+ ·51 
+ · 4 

+ .28 - ·03 û6•06 
+ ·23 - ·02 01 ·38 
+ · l(j - ·02 31 ·89 
+ ·12 - 03 30 ·18 
+· 10 -· 02 39 ·29 
+ ·04 - ·03 26 ·63 
+ ·o3

1
- ·02j «·li4 

+ ·01 - ·02 55·10 
- ·05 - ·02 01 ·88 
- ·32 - ·o:i 22 ·02 
- ·35 - ·02 50·79 
-· 3 - ·02 os ·9s 
- · 40 - ·02 40 ·6(; 
-· 41 - ·02 52·26 

c= -'. 475 
Chronometer correction at l h 40"' = - l7°· 905±•·023 

2 39 52 ·15 - ·02 - ·13 +· 46 + ·23 - ·02 52 ·67 
45 23 ·12 - ·02 + ·04 + ·53 + ·1!11- ·02 23 ·84 
52 03 ·36 - ·02 - ·17 + ·45 +· 14 - ·02 03 ·74 
54 02 ·s2 - ·02 - ·40 + ·47 + ·12 - ·02 02·97 
57 34 ·87 - ·02 - ·27 + ·44 +· 10 - ·02 35 ·10 

3 01 39 ·45 - ·03 + ·51 + ·89 .,..· 011-· 04 40 ·85 

08 19 · 59 + ·02 ·oo - ·51 + ·02 - ·02 l9 · 10 
1!) 59 · 23 +· 02 - ·31 - ·45 - ·061- ·02 58 ·41 
25 54 ·88 .,. ·01 - ·33 - ·45 - ·11 - ·02 53·9s 
30 03 ·49 + ·03 

+ 291 
- ·70 -· 15-·03 02·93 

32 lfl'75 + ·02 - ·24 - · -!4 -· 11 -· 02 17 ·90 
38 59 ·22 . + ·02 - ·16 - '45 - ·21i- ·02 58 ·40 

1 1 1 

c= -•· 443 
Chronometer correction at 3h l0m = - 18•· 580±• 021 

1 01 48 ·)4 - 17 ·92 +· 01 
08 43·46 17 ·92 + ·01 
19 13 ·f15 17·94 + ·03 
24 12 ·1s 1s·oo + ·09 
26 21·44 17' 85 - ·oG 
34 os·s9 17 ·74 - ·17 
36 26 ·75 17 ·89 - ·02 

3!) 37 ·01 18 ·09 +· 18 
46 43·87 1s ·o1 +· 10 

2 22 54 ·09 17 ·93 +· 02 
27 32 ·95 17·84 - ·07 
30 50 ·99 17·99 + ·os 
33 22 ·89 17·77 -· 14 
34 34 ·49 17 ·77 -· 14 

2 39 33 ·9, - 1s ·10 + ·12 
45 05 ·22 ·62 + ·04 
51 45 ·07 ·G7 + ·09 
53 44·40 ·57 - ·01 
57 ]6 · 5,t ·56 - ·02 

3 01 22 · 40 ·45 - ·13 

07 60·44 ·66 + ·os 
19 39·83 ·58 ·oo 
25 35 ·39 ·59 +· 01 
29 44 ·24 ·69 +· 11 
31 59 ·45 ·45 - ·13 
38 39·9s ·42 - ·16 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 
Station : NORFOLK IflLAND. Date, December 9t;b, 1903. ObsPrvcr: F. Vv. O. WERRY. 

CO 
1 

,.; ci ... 
~] >, 0 

1:: . ci 
d 

c., 

., " Transit ·2 -{g 0 0..; "' f Star. over mean of "'~ "' :;; ,,,,_ R. A. s ... v. "' threads. - :;j ~ 
:, .§ f -0 ~ oo 

C () s s 3 .. "'" 0 .$ ~ o-._ 
'N ::::l ,., 0 .. ... j " i:,. 0 "' J> ~ +> ..c 0 ~ 0 p.:: .,: w 0 ·-------------- --- __ , __ 

--·- - - --
1 h. m. s. s. S. s, S. 

8, h. m. S. s. s. r = - ·29 E 147 ... . ....... . . . 2 58 02'16 - ·02 - ·24 - ·531 + ·14 -· 021 01 ·49 2 57 16 54 -44·!)5 + ·07 µ. Horologü. . ... 3 02 07 ·68 - ·03 +· 47 -1 ·06 + ·13 - ·04 01 ·15 3 01 22·32 ·83 -·05 359 . . ··· · · ···· 06 55 · l!l - ·01 , - ·36 - ·561 + ·10 - ·02 54 34 00 09'41 ·93 +· 05 54!) . . ... . . 0 45 ' 76 - ·02 ·oo - '61 +· 09 - ·021 45 ·20 08 00 ·43 "7i - ·n J Arietis . ... .. . . JO 09 ·!J2 - ·01 - ·3, - ·55 + ·0!J - ·02 09 '05 09 24 ·10 ·95 +· 07 e Eridani .. .. . .. 16 52 ·12 - ·02 +· 16 - ·73 + ·06 -• 031 51 ·55 16 06 '68 '87 - ·01 53 . ... .. . .... 20 25·:;2 - ·021 - ·28 - ·53 + ·04 - ·02 24 ·71 19 39 1 ·90 + ·02 ,54_ ... . • • •• .. 22 44 ·72 -· 02 - -29 - ·53, + ·03 - ·02, 43· 9 21 69·01 '88 ·oo 
w 155 ....... . 26 20 ·16 - ·os, - ·31 + 54 + ·02 - ·02 20·31 25 35 -39 ·92 + ·04 B.A.C. 1106 .. .. . 30 2 ·22 - ' 16 + ' 26 + '83 ·oo - ·03 29 12 2!l 44 ·21 ·91 + ·03 10 Taureau ... . 32 44 ·09 -"i - ·22 + ·53 - ·01 - ·02 44 ·28 31 59•45 ·83 - ·05 61. .... 42 32 ·75 - ·07 - ·39 + ·57 - ·oo - ·02 32 ' 78 41 47'85 ·93 +· 05 lg Eridani.: .. : : : : 46 37 •22 - ·13 + ·07 + ·M , - ·07 - ·031 37 •71 45 /l2 ·91 ' 80 - ·os 652 . ... . .. . .. ... 54 1 ·70 -·11 - ·12 + ·44 - ·10 - .02 18 7!l 53 34 ·02 ·77 - ·n 

' 
a = +•· 453 C= -• ·527 

Chronometer correction a.t 3h 30"' = - 44•·876± 1 ·012 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Sta.tion : NORFOLK ISLAND. Da.te, December 10th, 1903. 

é.. 

Ë 1 0 

Star. 

l~ô 
·- >, 

o+> 
Transit ~;.::: . 

over mPan of œ ~ 
threads. 1 ~-~ 

" "p. 
H 

h. m. s. 1 s. 

;.; ci 1 Ë ti,•j g - ~ 'ol g 
..!: ·.;:; .§ 0~ s 1.1 

..., <t ..., J "'·- R. A. " 
~ 8 f ]~ 88 

.§ a ~ ] g f e 
< 8 ~ - ~ Jî..., 1-·-- 5 __ _ 
s. s. r = ~- 23 s. h. m. s. s I s. 

v. 

B 51 Piscium.... . 1 O!l 35·22 + ·01 
î' Pbœnicis...... 25 03·61 + ·01 
22...... . ........ 2~ 13·40 + ·01 

- ·32 - -491 + ·12 - ·02 3t·521 1 08 '13·42 - 51·10 + ·01 
+ · J!l - ·67 + ·05 - ·031 03·J6 24 12 ·10 ·06 - ·03 
- ·38 - ·50 + ·05 - ·02 t2·5G . 26 21 ·40 ·16 + ·07 

v Piscinm....... 37 18 ·G2 + ·01 - -~2 - ·4s + ·01 - ·02 11-~ 36 2G·H ·os - ·01 
542.... . . . . . . . 40 28·GS + ·01 
25. . . . . . .. . 41 12·03 + ·01 

-·12 -·5o ·ou -·021 2s ·o5 39 36·U7 ·os -·01 
- ·33 - ·49 ·uo - ·0211·20 4020 ·07 ·13 + ·04 

543. . ... . . • . . 42 01 ·041 + ·01 

W x Baleine. . 45 43 · 52 - · OS 

1
544.. . . . . . . . . . . 47 34 ·62 - ·06 
y, Pbœnicis... . . iiO 38•ü8 - ·09 
545. . . . . . . . . . . . 56 20·141 - ·061 
133. . ....... . . . . 2 02 37-79 - ·04 

- ·04 - ·54 - ·01 - ·02 00 ·44 '11 09·37 ·07 - ·02 

- ·1, + ·49 - ·02 - ·02 43'7-! 44 52·7'.l ·02 - ·07 
- ·17 + ·49 - ·02!- ·01 34· 4 46 43 "83 ·01 - ·os 
+ ·24 + ·11 - ·04 - ·o3 39· 47 49 48·25 ·22 + ·13 
- ·os + ·52 - ·oG1 

- ·02 20 ·44 55 29-43 ·01 - ·os 
- ·45 + ·52 - ·0,, 1- ·02 37·72 2 01 46·57 ·15 + ·06 

Chronometer correction at lh 40m =.- 5l•·089±•· 0l6 

w 39 . . . . ....•... ·' · . 2 35 25·63 - ·05 - ·27 + ·ii2 + ·09 - ·02 25 ·90 
41. ····· ······· · 39 11 5fi - ·05 - ·30 + ·52 + ·01 - ·02 11·1s 
547 .. .... .. ...... 40 25 ·03 - ·05 - ·14 + ·54 +· 07 - ·02 25 ·43 
f3 Fornaci8 . ... 45 56 ·06 - ·06 + ·04 +· G2 +· 05 - ·02 56 ·69 
46. ..... . .. . .... 52 36·1() - ·05 - ·19 +· 5J + ·03 - ·02 36"46 
8 Eridani .... . .. . 55 2i-·s1 - ·06 + ·15 +· 69 +· 02 - ·u2 29 "65 
r3Eridani .... ... . 59 01 ·25 - ·05 - ·05 + .57 ·oo - ·02 01·,o 

E 359 . . ... .. . . 3 07 01 ·88 + ·01 - ·-n - ·5b - ·03 - ·02
1 oo ·SR 

~ 49 . . . . .. . ... : : :: 08 52 ·3(i + ·02 + ·01 - ·Go - ·03 - ·02 5["74 
Arietis .. .. . . . 10 16·52 + ·01 - ·4G - ·50 - ·04 - ·oz 15·45 

e Eridani .. . ... .. 16 58"67 + ·02 +· 19, -· 72 - ' IJli - ·0::1 58 ·07 
53. . . . . . . . . . . . . 20 32 ·17 + ·01 - ·35 - ·53 - ·o; - ·02 :n-21 
55. 2G 27 82 + ·01 - ·331 - ·53 - ·09 - ·02 2ü ·8J B.A:ë.' iioo::::: 30 3t:·2, +· 02 + '32 - ·83 - ·11 - ·()3 35'64 

1 

a= + •·557 c= -• ·523 
Cbronometer correction at 3" OOm = - 51•· 393±• ·013 

2 34 34·48 - 51 ·42 
38 20 ·42 '36 
39 33-95 ·48 
45 05· 19 ·50 
51 45 "06 ·40 
54 38 ·31 ·34 
58 10 ·44 ·26 

3 06 09 ·41 ·47 
08 00·43 ·31 
09 24 ·10 -35 
16 06·68 ·39 
19 3() ·81 ·40 
25 35 ·40 ·41 
29 44 .21 ·43 

+· o 
-·o 
+· o 
+ ·1 
+· o 
-· o 
- ·1 

3 
3 
9 
1 
1 
5 
3 

+ · 08 
8 
4 

-·o 
-· o 

+· o 
+ ·o 
+· o 

00 
1 
2 
4 
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5-6 EDWARD Vil ., A. 1906 

Station: TORl'OLK lsLAND. 

TRANSIT OBSERVATION 

Da.te, December 11th, 1903. Observer: F. W. 0. WERRY. 

P. 
Star. 

~ 
ô -

E 21. ............. 
-y Pbœnicis ..... 
22 
a E~ia·;~ï" : : : : . 
v Piscimn . . . .. 
542. .. 
25 .. ... ...... . . 
543 . ..... ... 

w 544 .. . ... . .. . . .. 
y, Phœnicis .... .. 

l::r : : 1 546 ........ 
<p Eridani ...... 

W e Ari1,tis. . . .. · 1 
47 ... ... . .. . 
µ H orologii ... . 
35!). .. . 
5 t9 .. . 
e 1'ridani .. 

E 53 ...... 
54.. .. 
,55 .... 
B .\ . C. ll<J!i. 

I 
•~ I aur,-au .. ... . 
5:lO ............ . 
551. . .......... 1 

1 1 

1=0 
1 

~ ·- .... 0 
• "O.., r:: ;i 

. <., 

Transit i::- - .~ 0 O..; .e-. -5 ·..:; R. _-\, over mean of

1

_ ,. !l .. -,;.,. 

tbreads. "' " ~ " .§ 
.. "O "' :.. C ;: 

> O"._ .§ :a .& ] g!: 
"' "' Q, N .. a,-"' 

H -< 0 .:i:: -< ::r: 
---- ---- - - ----· -----
b. m. S. s. s. S. 

S. 
l' = - 2(;1 S. 1 h. m. S. 

12011 ·s1 + ·02 -· 21 - ' 46 + · 13 - · 02 ll · 27 
~ 09 "80 + ·03 + · 21 - ·()3 +· 111-· 03 0!) ·49 
27 19 ·52 + ·011 - -43 - · -1; + ·10 - ·02 18 ·7] 
35 06 ·20 + ·04 + ·55 - ·85 .,_ ·oo - ·0-11 o5·96 
37 24 ·82 + ·021 - ·37 - ·45 ,.. ·05 - ·02 2-1 ·05 
40 34 ·91 +· 02 - ·14 - ·47 +· 041-·02 34. -34 
41 18 ·29 +· 02 - ·38 - ·46 +· 04 - ·02 17-~9 
-12 07·28 + ·02 - ·o-!' -·50 -'- ·Q-l - ·02 06·78 

- ·021 
1 

+ -oil- -02

1 

41 -08 47 40'85 - ·20 + ·46 
50 44 "83 - ·o!{I +·2 1 + ·6() ·oo - ·03 45·71 
56 26 ·401 - ·02 - ·09 + '4!) - ·03 - ·02 2G·ï3 

2 02 43 '981 - ·ü2 - ·521 
+ "48 ·06 - ·1)2 4;5 · 4 

09 38·50 - ·02 + ·021 + ·53 - ·o!l - ·02 38·921 
14 01 -73 - ·0-1 +· 3!l +· 73 - · 11 - ·03 (12 ·67 

a= ,-•· 618 c= _,- 450 
Chronomet.er correction at l" 50"'= -5'j'•·355±'" 0li 

2 54 42'09 
58 13·98 

3 02 18"52 
07 07·17 
08 57 -45 
17 03· 59 

20 !l8·41 
22 5i ·62 
26 34· 15 
30 42'28 
32 r,s·o-1 
39 38·39 
-13 42"44 

- ·021 
- ·02 
- ·03' 
- ·01 

·oo 
·oo 

+ ·oHI 
+ ·05 
+ ·oo 
+ ·101 
+ ·0o 
... ·07 
t- •0ï 

- ·;j2 
- -34 
+ ·65 
- ·50 
+ ·01 
+ ·21 

- -39 
- ·41)1 
- -43 
... ·36 
- ·3[ 
- ·2 1 
- ·06 

+ "51 +· Jl l_ ,02
1 

-12 ·15 
+ · -17 +· 10 -· 02 14']7 
+ ·95 + ·o 1 

- ·04 20 13 
+ ·50 + ·o61- ·02 07 ·20 
+ ·54 + ·05 - ·02 58·03 
-.- '65 + ·01 - ·03 04 ·43 

- ' 48 ·ooj- ·02 ;37·58 
- · -1s - ·01 - ·02 5G·76 
- · -1 <; -· 03 - ·02 :!3 · 25 
- ·15 - ·05 - ·03 41 ·91 
- ·4j - ·oü - ·02 57 -24 
- ' 48 - ·09 - ·021 37'66 
- ·52 -·nr ·021 41'80 

Chronometer correction nt 3" 20"'= - 57•'749±'" 015 

1 19 13·90 
24 1'.! ' 08 
26 21 ·39 
:wa 72 
:l6 26 ' 73 
39 36'96 
40 20·0G 
H 0!)·36 

46 43 ·83 
49 48 "23 
55 29 ·43 

2 01 4G ·5Gl 
08 -11 ·41 
13 OiH2 

2 53 -14 --10 
57 16·oS 

3 01 22·28 
ofi ou-41 
0 00 · 42 
16 0(;-(;'j 

19 39 "81 
2l fü)· O[ 
25 35-39 
29 -14 · 20 
:n 59- 43 
38 39 ·98 
42 44-07 

;. g 
ls·z "'(J 
i::"' - ... 0 ... 

§5 ... 
..c 
0 

---
S. 

- 57 ·37 
·41 
·32 
· 2-1 
·32 
·38 
·43 
·42 

·25 
' 48 
-30 
·28 
·51 
-25 

- 5ï ·75 
' 61 
·85 
·79 

v. 

--
S. 

+· 01 
+· o 5 

12 

2 

- ·04 
-
- ·04 
+· o 
+· 07 
+· 06 

--· n 
+· 1 2 
- ·oo 
- ·os 

5 +· 1 
-· n 

·oo 
-· n 
+· 10 
+ ·Q-l 

·61 - ·14 
·7G + ·01 

·77 +· 02 
·75 ·oo 
·86 +· u 
·71 - ·04 
-79 + ·04 
·6 - ·01 
·73 - ·02 

1 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : :NORFOLK I st..\ND. Date, Dec<'m htr 17th, 1903, ObscrYer: F. W. O. WERRY. 

- ~ r ,.; • 
'1· = 0 ô ~.§ 

. --g~ := i ~ 15~ 
Transit cë:.= . .2 o o . (J,) f 

over mean of ,-1 ce 2 "Z ~ -~ ~ -~ R. A. g 5 
thread~. 1., 0 !;' g 5 . t: ,::: " ,; '-' 

1 

0> O'.- lC ;.::: ~ 0, 1 0 ~ 2 

---- ------,~"' "- j 8 -~-- ~ JJ'° ---- 5 __ _ 
h. m. s. s. s. 1 $. r = ~ .27 s. h. m. s. m. s. s. 

Star. v. 

E 544... .......... 1 48 20-711 + ·13 - ·rn - ·50 + ·10 - ·02 20 ·2:~ 1 46 43·78 -1 36 ·-451- ·03 
,f, Phœnicis.. . 51 U·84 + ·19 + ·28 - ·73 + ·09 - ·03 24 ' 64 49 48 '14 ·50 + ·02 
545 ....... ... .. '.l 5! 06:181 +: 14 -: os -: 5~ + :06 -: o~ 05:76 5~ 2~:31 :39

1
-: 09 

33 . . . . . . . . . . . . . . ~ 03 23 93 + 09 - 51 - 5~ + 03 - 0~ 23 00 2 O. 4ô 52 48 00 
546 . .. . .. .. .. . 10 1s·39 + · JG 4- ·02 - -57 ·oo - ·02 17 ·9s os 41·35 ·63 + ·15 
q, Eri-3ani. 14 42 ·03 + ·201 + ·38 - ·78 - ·02 - ·03 41 ·78 13 05 ·33 ·45 - 03 

W o Hydri .... ... 21 37 ·21 j + ·16 + 1 ·09 +1 ·36 - ·05 - ·05 39 ·78 , 20 03 ·30 ·481 ·O!J 
37.... . ..... 24 40'37 + ·06 - ·37 + ·49 - -07 - ·02 40 '46 23 04 ' 05 '41 - -07 
vCeti .... ,. ... 3227·32' + ·07 -· 24 +· 49 -· 101-· 02 27 ·52 3050 ·96 '561+· 08 
355. .. .. .. .. .. . 34 59-44 + ·05 - -50 + ·52 - · 11 - ·02 59·38 33 22 '851 -53 + ·05 
39.. ... .. .. . .. . :16 10'89 + ·07 - -29 + -19 - ·12. - ·02 11 ·02 34 34 451 ·571+ ·09 
n. .. . . .... . . . :-in 5ü· ,o + ·01 - -32 + ·49 - ·J3,- ·02 56 ·79 38 20·39 ·40 - ·os 
547 .. .......... 4110 ·09 +· os -· 16 +· 50 -· 14 - ·02 10 -35 39 33-91 ·44 -· 04 

i 
a=+•· 603 o= -•· 486 

Cbronomewr correction at 2h l0m = - lm36•· 4S.5±•·015 

TRANSIT OBSERVATIONS. 

Station: NORFOLK ISLAND. Date, December 18th, 1903. Observer: F. W. O. \VEURî. 

l dlô 1 
,; ,:i 

,·-:,., ... ..,.9 
"O_., 1 . 8 \1)13 

Transit d._... -~-c C ..,_ ~ c.> 
cl • _ .g O .:i O ~ 

Star over mean of\ " d 1J 'Z ~ - rn•- R A 5 ô 
ci. 

1 

• threads. .""".ü ~ ~ ~ .§ a, t ] ~ · · s= 0 

a > o-__ - ., ., o i; 2 
~ \ a:i a> °' "N O ce ..o ~ ~ ..c 
0 H < 0 a:: -0:w O 

-· ------- b. m. s. \ s. 1 s. s. r= ~ .
27 

s. h. m. s. m. s. - -:-

E a~Hydri .... . 157 :;8:7~ +: 16

1 

::59 = 1:~7 +: ~ =: o~ 28_ 44 1 55 44 :84 -143 :60 +:11 
3o3...... . .... .. 2 13 .i6 2, + 08 19 (,0 + 20 0~ 55 74 2 12 12 31 43 - 06 
KFornacis .. .. J!l 53 ·48 + ·07 - ·05 - ·651 +· 1s - ·02 53 ·01 1809 ·58 ·43 -·06 

\

uBaleine.. 2\115·73 +· 09 -· 12 - ·G2 +· 14 -· 02 1G·20 2732 ·88 ·S2- ·t7 
355 . . ....... 3507 ·3[1 +· 05 - '41 - ·64I +· 11 - ·02 06·40 33 22·841 ·56+· 07 

W 5-L ..... . . .. .. . 3 23 42 '2G + ·04 - ·33 + 001 - ·11 - ·02 42 ·45 3 21 59 ·01 ·44 - ·05 
B.A.c. 1100 . . .. 31 2s·49 + ·os + ·29 + -94 - · H - ·03 n ·r;3 29 44 ·12 ·51 + ·02 

1

550..... . .... .. . 40 23·22 + ·05 - ·11 + ·Go - ·1sj- ·02, 2:3·50 38 39-u9 ·51 +· 02 
61. .. ... .. .. . 43 a1 ·42 ➔ ·03 -· H + ·65 -·. o - ·02 31-44 ,11 47 -s; ·57 + ·os 
552. . ......... .. M 11 ·2u + ·o.; - ·14 + ·011 - ·251 

- ·02 11 ·&1 53 34-04 ·47 - ·02 
6G ....... . . . .... o7 06 32 + 04 - 34

1 
+ 61 - 2fl - ·02 of, ·35 55 22·80 ·55 + ·06 

o Réticule..... . 58 57·0!J j + /19 + ·53I + 1 ·25 - ·21
1
- ·041 58· 70

1 

57 15·27 '43, - ·06 

a= + '·505 r= - •·594 
Chrouometer correction at 3h 00"' = - l'n 43•• 4!;6+• ·016 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: NORFOLK ISLA!iD. Da.te, D c,cember 19th, 1903. Observ,,r : F . W. 0. W 1m RY. 

. .... 1 .eo . 
~ ~ 

T 't ~ .p g ë -
rans1 ;:.= . . ·.G -:.. c .-3 

. Star. over mean of ~ 5 :S ~ -:: !Y. ·m 
Ê threads. 4> = ~ S ci t ] ~ 
~ ~g--a -~ o ~ li ~.S 

R. A. v. 

0 -----------~ < 0 _':'_~_UJ 1 --------
h. m. s. s. s. s. r= ~ . 25 s. · 

W 21.. .. .. . ... . . . 1 21 03·22 + ·05 - ·18 + ·55 + ·lf, - ·021 U3 78 
22.. . 28 10 ·H5 + ·04 - ·37 + ·56 + ·13 - ·02 U·29 
aErida.ni ... . . . . 355û·ï9 + ·09 + ·4H + l·02 + ·10 - ·04 58 ·44 
v Piscium . .. .. . 38 16 · 37 + · v4 - · 32 + · 55 + · Oil - · U2 16 · 71 
542 .. . . . . . . 41 26·34 + ·oo - ·12 + ·57 + ·os - ·02 1 25 ·91 
25 .. .. .. . . . .. . . 42 OJ·70 + ·05 - ·33 + ·55 + ·07 - ·021 10·02 

E a Hydri ... . .. . . 57 35 · 17 + · 2+ + · 61 - l · 16 + ·01 - ·04 34 ·83 
- · JO - ·021 53·!)7 37 . . .. ... . . 

cr Baleine . .... . 
v Ceti ......... . 
355 . . ..... . .. 
39 ... .. . . .... . 
41. ........ . ... . 

E 153 ... .. 
54 ... .. ........ 
55 .... . 
10 Taureau . . .... 
ii50 ........ . , 
551 . .. .. . . .. . . 

w 552 .. .. ...... .. 
û6 . . . . .. .. . ... . 
:166 .... 
a Horologii ... 
71 . ... . . .. .. .... 
d Eridani . .. 1 

2 24 54'85 + ·11 - ·32 - ·55 
29 2:3· 45 +· 14 - ·13 - ·57 
32 41 ·85 -;- ·13 - ·21 - ·55 
35 1/!'82 + · 10 - ·43 - ·58 
36 25·26 + ·12 - ·~5 - ·55 
40 11 . 301 + . 121 - . 28 - . 55 

- ·12 - ·02 22·75 
- ·13 - ·02 41·071 - ·15 - ·02 12·74 
- ·15 - ·02 24·41 
- ·111- ·02] 10 ' 40 

Ohronometer cvrrection at 2h 00m= - 1m 49•· 986±•· 015 

1 
3 21 30'951 + ·06 - ·341 - ·49 + ·12 - ·02 30 · 28 , 

23 50' 13 + ·06 - ·35 - ·49 +· 11 - ·02 4!J-4.1/ 
27 26 '591 + ·Oû - '381 - ·50 + ·10 - ·02 20·85 
33 50'57 +· 07 - ·27 - · t9 +· 07 - · 02 49 ·93 
40 30 ·9;{ + ·os - ·]8 - ·50 + ·04 - -02 :-io 35 
44 34 ·98 + ·09 - ·06 - ·53 + ·02 - ·02 34·48 

55 21 ·2s l + ·01 - ·15 + ·5() - ·021 
- ·021 24 ·58 

r,7 13· 13 + ·01 - ·37 +· 50 - ·o3 - ·02. 13 ·2-2 
4 09 02 ·rn + ·01 - ·33 + ·49 - ·os,- ·021 02 ·20 

12 40 ·25 + ·04 + ·18 + ·6() - · ()9 - ·03 4l ' l,l 
rn 15 ·02 + ·ot - · -12 + ·51 - ·12 - ·02 15 ' 5R 
22 17·08 + ·03 + ·06 + ·59 - ·131- 021 1, ·61 

c= -•· 488 
Chronometer correction at 3" ü0m= - tm 50' · 444±' '018 

h. m. s. m. s. S. 

1 19 13 ·82 -1 49 ·95 - ·03 
'26 21·32 ·97 - ·02 
34 08"51 ·!)3 - ·06 
36 26·6? 50 ·04 + ·05 
39 36· . 8 ·oa + ·04 
40 20·00 ·02 + ·03 

55 4.J. · 0 
2 22 64'03 

27 32·87 
30 50•94 
33 22·83 
34 34 ·45 
38 20 3~1 

·03 + '04 
49 ·94 - ·05 

·ss - ·n 
50·1:1 + ·14 
49·91 - ·os 

'96 - ·03 
50·02 +· 03 

3 19 39 ·soi-1 50·4sl + ·0-1 
21 1>9 · oo ·44 · oo 
25 35 391 ·46 + 02 
31 59 •45 ·48 + ·04 
38 39'981 ·37 - ·07 
42 44 ·06 ·42 - ·02 

53 3-1 03 ·55 +· n 
55 22 80 ·42 - ·02 

4 07 11 ·83 ·371- ·01 
10 00 ·6(,I ·41 -· 03 
17 25 ·12 ·46 + ·02 
20 2,·l-l ·471 + ·03 

1 



ix REPORT OF THE CHIEF ASTRONOMER 161 

SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 
Station: DoUBTLEBS BAY. Date, December 6th, 1903. Observer : OTTO KLoTz. 

' .... ,.; .:3 0 ... 
>, 0 .,,..., d d " .... Transit ::i:.:: . {i • S? 0 O..; 

Star. over mean of ce~~ ~ ·.z œ •- R. A. p. threads. - "0 " .§ t 'Cl"' 
::l cl 8 ~ et.~ 8 .; gf! "N ::=l ..., ..8 ~ ., ., p. 

0 dl ,,..., 
0 H < 0 0:: < rn - ----- ----------

h. m. s. S. s. S. 
s. 

r = - ·49 S. h. m. S. 

E w Piscium . . .. . .. 23 64 39 ·77 - ·01 - ·30 - '41 +· 42 - ·02 39 ·45 23 64 23 ·07 
2 Ceti .... . .... . . 59 05"89 - ·02 - ·14 - ·42 +· 36 - ·02 05"66 68 49•:12 
, P egasi ......... 24 08 34-73 - ·01 - ·35 - ·42 +·30 - ·02 34·23 24 08 17 ·86 
f T oucani .. ... 15 20·54 - ·04 + ·55 - ·97 + ·26 - ·04 20 ·29 16 04 '01 
fJ H ydri .... ... · - 20 58·90 - ' 06 + 1 ·44 - 1·91 + ·20 - ·os 58 '49 20 42'09 
12 Ceti . . ...... . 25 25 ·56 - ·01 - ·23 - ·40 + ·16 - ·02 25·0G 25 08 ·63 
fJ Ceti .. , .. .... 39 03.40 - ·01 - ·13 - ' 42 +· 05 - ·02 

02 '! 38 46'45 

w a. Sculptoris. . . . 64 15'46 - '36 - ' 04 + "46 - '07 - ·02 15"43 53 59·00 
• Piscium ..... . 58 14 ' 76 - ·23 - ·30 + ' 41 -·n - ·02 14 '61 57 68 "14 
fJ l'hœnicis . .. ... 26 02 04 "41 - ·45 + ' 14 + ·59 - ·14 - ·02 04·53 26 01 48 "15 
0 Ceti ..... . .. . 19 30 ·69 - ·30 - ·20 + ' 41 - '28 - ·02 30·30 19 13 ' 97 
l'Y Phœnicis ... . ... 24 28·65 - ·43 + ·09 + ·56 - '32 -·02 28·63 24 12·18 
'7 Piscium .... .. 26 as·29 - ·21 - ·35 + ' 42 - ·33 - ·02 37 "80 26 21 ·47 
a Eridani .. ... . 34 25·20 - ·54 + '32 + ·75 - ' 42 - '03 25"28 34 o8·S9 

a=+•·448 c= - •· 403 
<Jhronometer correction at 24h 45m = -16" · 371±' · 009 

TRANSIT OBSERVATIONS. 

d 
'-·9 . .,..., 

..., :il 
., t:: 
8 0 go 
0 

ll 
0 

8. 

-16·38 
·33 
·37 
·28 
·40 
' 43 
"42 

·43 
·37 
·38 
·33 
·36 
·33 
•39 

1), 

--
S. 

+· 01 
- ·04 

·oo 
- ·09 
+ ·03 
+· 06 
+·05 

+· 06 

1 
·oo 

+ ·o 
-
-· o 

04 
2 
4 
2 

-· o 
+ ·o 

Station: DouBTLESS BAL Date, D ecember 6th, 1903. Ohser,·er : Û TTO KLOTZ . 

. so ,.; d ... 
0 >. 0 ....-<i " $ ~ Transit 

"Ci..., d -,:·- 0 0 0~ 
., ., 

Star. over mean of dl- , ..d ·.z ·.; R. A. s t: p. dl !J ..., dl 

., __ 
g8 1), 

threads. o3 ~ ~ " 8 dl "' ,,, ... ,: ::l 2 > cr ..... -~ :::: j ... 0 dl 0 ., 
ô 

., 
gz ... ., ., p. 

~ ..a ..c ô H < 0 < rn 0 - -------------------------------
h. m. S. s. S. S. 

S. 
h. r = - ·49 S. m. S. s. s. 

E 2 Ceti ... . . .. . 23 59 19 '81 + ·17 - ·14 - -51 + ·44 -· o.a 19·75 23 58 49 "31 - 30 ' 44 - ·05 'Y Pegasi ........ 24 08 48 '70 +· 11 - -35 - -50 + ·36 - ·02 48 "29 24 08 1, •Sti ·43 - '06 , Oeti . . . . . . . . ... 15 03-09 +· 15 - ·19 - •49 + '31 - ·02 02 '85 14 32· 32 ·53 + ·04 fJ Hydri ... . .... 21 12 ·57 +· 5!J + 1 ·43 -2· 31 + "26 - ·os 12 '46 20 42 "00 '46 - -03 fJ Oeti. .. .... _ . 39 17 '3ù + ·17 - -13 - ·51 +·n - ·02 16 ' 98 38 46 "46 -52 + ·03 li Piscium ..... . 44 13"65 + ·13 - '30 - ·50 +· 07 - ·02 13 -03 43 42"50 -53 + "04 20 Oeti ........ .. 48 37·5i; + ·15 - ' 24 - •49 + ·04 - ·02 37 ·02 48 06'47 ·55 + ·06 
w a. Scul ptoris . . ... 54 29'30 - -23 - ·05 + "56 - ·01 - ·02 29 -55 53 58·99 '56 +· 07 • Piscrnm .. .... 58 28 ' 64 - -15 - ·30 + ·4!) - ·04 - ·02 28 ·62 57 58· 13 ·49 ·oo fJ Phœnicis .. . . . . 25 02 18 ·21 - ·29 + ' 14 + ·72 - ·07 - ·02 18 691 25 01 48 "13 '56 + ·07 f 1 P isciùm .. ... 09 13 "98 - ·151_ '30 + ·49 - ·13 - ·021 13 ·87 08 43 ·45 ·42 - ·07 a. Ericlani ... 34 38 '81 - '34 + '32 + -91 - ·33 - ·04 39 -33 :34 ù8 '87 '46 - ·o3 o Piscium .... : : : 40 50 ·93 - ·15 - '31 + · 49 - '38 - ·02 50 '56 40 20 12 ·44 - ·c,5 f Oeti ..... . .... 4ï 14 '66 - ·19 - ·19 + ·50 - ·44 - ·021 14 ·321 46 43 ·02 ' 40 - ' 09 

a= +'' -!45 C= -• ·488 
Cbronometer correction at 24h 53m = - 30• · 486±' · 011 

25b--ll 



162 DEPARTMENT OF THE INTERIOR ix 

5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: DOUBTLESS BAY. Date, D ecember 7th, l 903. Observer : OTTO KLOTZ • 

. .... ,.; .s 0 ... 
:,.. 0 

ci '-' 
Transit 

"d _., ci .:·- 0 

Star. over meanof ce-::; 11 ..ci ~ ] 0~ _., .-e œ• -
i:i. threads. ~PO p s .-e .,, u, 

a s i 
... A o 

~ cr.:= ::S $ gS .s -~ "'"' "" 0 .-e ,,, ... 
0 H < 0 ~ < (Il 

- ------- -----------------
h. m. S. S. s. s. S. 

r= - -44 s. 
E ,8 Hydri. _ ...... o 21 25 ·08 + ·41 + 1 ·23 - 1 ·93 + ·29 - 08 25-00 

12 Oeti .......... 25 51·92 + ·10 - ·20 - ·41 + ·26 - ·02 51 "65 
,B Oeti .. ........ 39 29 -73 + ·12 - ·11- •43 + ·16 - ·02 29-45 
ii Piscium. .. .. . 44 26·10 +· 09 - ·26 - -41 +·12 - ·02 25 ·621 
2C Ceti. ... 48 49-97 + ·10 - ·21 - -41 +· 09 - ·02 49-521 
a, Sculptoris: : : : : 54 42-45 +·14 - ·04 - -47 + ·05 - ·02 42-11 
< Piscmm .... .. 58 H·S4 + ·09 - ·26 - ·41 + ·02 - ·02 41 '26 

w ç1 Piscium ... ... . 1 09 26 ·60 - -15 - ·26 + -41 - ·06 - ·02 26 "52 
IJ Ceti .. . ...... .. 19 57-13 - ·1s - ·17 + ·41 - -13 - ·02 57-04 
î' Phœnicis . . .. . _ 24 55 ·12 - -27 + ·os + -57 - ·17 - ·02 55·31 

1

1/ Piscium ....... 27 04-75 - -13 - -30 + -42 - ' 19 - ·02 ·04 "53 
a, Eridani .• .... , . 34 51 "47 - -34 + ·28 + 

'761 - ·24 - ·041 51 ·89 
v Piscium .. , ... 37 10 -14 - -15 - ·25 + ·.n - ·261- ·02 09 '87 
o Piscium . ...•.. 41 03·52 - ·15 - -27 + ·41 - -29 - ·02 03 ·20 

1 

c= -•·407 
Cbronometer correction at lh Olm= -43•·091±•·009 

TRANSIT OBSERVATIONS. 

R.A . 

----
h. m. S. 

0 20 41 "91 
25 os·so 
38 45-45 
43 42 -49 
48 06"46 
53 58·98 
57 68·12 

1 08 43-44 
19 13-95 
24 12 ·15 
26 21 -44 
34 08 ' 84 
36 25-75 
40 20 ·11 

g 
s.,·-

.l's ~ ., t 
~8 
::1 
0 ... 
.è 
0 

---
s. 

-43'09 
·05 
·oo 
·13 
·06 
·13 
·14 

·os 
-09 
·16 
-09 

v. 

s. 

-· o 
00 

4 
09 
04 
3 

04 
0 

-
+· 
-·o 
+· 
+· o-

-· o 1 
00 

+ ·07 
00 

·05 ' - ·04 
·121+ ·03 
•09 ·oo 

Station : DoUBTLESS BAY. Date, Decerr.ber 9th, 1903. Observer : Orro KLOTZ. 

, 1 (~. 1 ~ ai·B 
1 Transit 1l:: . .§ _§ 'o ~ ~ ~ 

. 1 Star. over rnean of .-e .-e i '.;5 ~ -:e ,,, __ R. A. § ~ v. 
::,.. 1 threads " 0 ;:; >= "' "" ~ s= '-' S · 'a3cr> ~ = 11.Î ..., §~ 2 
~ ~ Cl) ·5. -~ ~ ~ 1s g .z 
o 1 ...:i < 0 »:: < _rn __ , _____ , __ Ë__ 1 

[ I h. m. s. 1 s. 1 s. 1 s. r = ~ . 42 s. h. m. s. m. s~ ~-

E 1,8 Ceti.. . . . . . . . . 0 39 52·42 + ·13 - ·151 - ·47 + -57 - ·02 52·48 
ii Pisciurn . .. .. . 44 48 · 76 + · 101 - · 33 - · 45 -r · 52 - · 02 48 · 58 
a.Sculptoris..... 5505· 17r +· 15 --05 - ·51 +· 45 -· 02 05·19 
,BPhœnicis. . 102 54-22 +· 18 + ·15 -· 6G1 +· 41 -· 02 54 ·28 

l
a Eridani.... 35 15 ·11[ + ·22 + ·35 - ·84 -"- ·17 - ·oa 14 ·98 
o Piscium .. 41 2G·76 + ·09

1 

- -34 - ·45 - ·13 - ·02
1 

2G ·171 

w ·K Fornacis.. 21915'ï4 -· lfj -· 10 +· 49 - ·13 -· 02 15-s2 
ô Hydri.. .. .. 21 08 ·25 - -35 + •Ti - 1 25 - ·15 - 05 o9 ·ï2 
~2 Geti.......... 24 10 ·-11 - ·11 - -33 + ·4.~ - ·J'i - ·02 IO ·:l3 

0 38 46'42 -] 06.06 - ·10 
43 42 '47 ·11 - ·05 
53 58·95 -24 + ·os 

10148 '07 21 +· 05 
34 o8 ·79 ·19.+ -03 
40 20 ·10 ·0ï1- ·09 

2 18 o9 -r;i;I -16 -oo 
20 03 ·,;3 -09 - -07 
23 04 ·10 ·13 - -r,3 

0 Eridani.. . 55 44 ' 48 -- ·18 + ·Of; -r ·59 ·3!1 - -o~ 44 -54 ,,4 38 ·32 ·22 + ·01; 
a Ceti..... 58 23·28 - ·J.1 - ·31 .,.- 45 - ·41 - ·02 22·88 
o Tanri.. . 3 20 40 ·1;o1 - ·11 · - ·34 + ·45 - · [); - ·oz 4u ·oi' 

57 rn -59 ·2<J + ·13 
3 19 39'82 ·19 + ·03 

1 
-----

a= +•· 489 c= -•· H6 
Cbronometer correction at 2" OOm= - 1'" 0ü•·l64±•· 0J6 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : DOUBTLESS BA Y. Date, December 10th, 1903. ÛBSERVER : ÛTTO KLOTZ. 

Q., 
Star. 

s ., 
ô 

- ---· 

E i Hydri ..... ... 
Ceti . . 
Piscium ...... 

20 Cëti .. .. . .... . 
a Sculptoris ..... 
• Piscmm ...... 
~ Phœnicis ... . .. . 

w 8 Ceti ......... . 
'Y Phœnicis ... . ... 
'1 Pisciuru ..... .. 
a Eridani .... .. . 
• Piscium ....... 
1 Ceti .... ... . ... 
~ Arietis ...... . . . 

w 1T Arietis ... ..... 
() Eridani .. 
a Ceti ....... .. 
µ, Jfor~logii .. .. 
0 '.Iaun .... .. . .. 
• Erida.ni ...... 

E li Eridani ....... 
'Y Hydri . . ..... . 
-yl ~ri :l.ani ..... . 
A1 Ta.uri . .... .. 
ol Eridani .... . . 
• Tauri . ..... 

25b-11½ 

-.so ,_; s:l ... 
>, 0 ~ -~ .,,.., g <> 

Transit s:l - .., " .: ·~ 
-5 -~ 0 O...; "'., 

overmean of ~-;!J ., -~ .,.~ R. A. s::: v . 
threa.ds. -~~ ::: s 

., "'., gg ... .: 1i ~ rr.~ 8 
~ $ s g ,. 0 

·.i ... "'"'~ ., .0 a,""' ..d 
H < 0 ~ <Il Ul 0 --------------- --

h. m. S. S. S. s. S. 
r= - ·42 s. 

0 21 59"41 + ·45 + 1 ·06 -1·83 + 31 - ·os 59 ·321 
40 04·25 +· 13 - ·10 - ·41 +· 18 - ·02 04·03 
45 00·54 + ·10 - ·22 - ·39 +· 14 - ·02 00 ·15 
49 24 ·44 + ·n - ·1s - ·39 +· 11 - ·02 24 '071 
65 16·88 +· 15 - ·03 - •45 +· 07 - ·02 16·60 
59 16·23 + 10 - ·22 - •39 +· 04 - ·02 15 ·74 

l 03 05·95 + ·1s + ·10 - ·57 +· 01 - ·02 05·66i 

20 31 60 - ·13 - ·15 + ·39 - ·10 - ·02 31 ·69 
25 29·52 - ·19 + ·07 + ·54 - ·15 - 02 29·77 
27 39·23 - ·10 - ·26 + · 40 - ·15 - ·03 39 ·09 
35 25 94 - ·26 + ·24 + ·72 - ·21 - ·02 26"41 
37 44·571 - ·10 - ·21 + ·39 - ·22 - ·02 44 ·41 
48 01 ·73 - ·u - ·14 + ·39 - ·30 - ·021 01·52 
60 39·01 - ·09 - ·29 + ·41 - ·,n - ·02 38·71 

a= +•· 330 c= -•· 387 
Chronometer corre<:tion at l h 05m= - l m 17•· 657±'" 005 

2 47 30•9ï - ·13 -·32 + ·41 + ·34 - ·02 31·25 
55 5G·23 - ·25 + ·05 +·52 + ·29 - ·02 56·82 
58 35·05 - ·15 - ·25 + ·40 + ·27 - ·02 35 ·30 

3 02 40·04 - ·34 +· 34 +· 79 + ·24 - ·04 41·0:1 
20 58·48 - ·14 - ·28 + ·40 +· n - ·02 58·55 
29 -l4'01 - ·17 - ·17 +· 40 + ·05 - ·02 44·10 

39 59·19 +·os - ·17 - ·401 - ·02 - ·02 68·66 
50 05 ·76 + ·26 + ·97 -1 ·48 - ·10 - ·07 05 ·34 
54 53'36 + ·10 -·15 -' 41 - ·13 -·02 52 ·75 

4 00 22 ·01 + ·05 -· 36 -· 43 -·11 - ·02 21 ·08 
08 31 ·21 +· os - ·19 - ·401 - ·221- ·02 30 ' 46 
24 21 ·64 +· 06 - ·35 - ·42 - ·34 - ·02[ 20 ·57 

1 

a= +• ·405 c= -• ·395 
Cbronometer correction at 3" 36m= - lm 18•· 683±• ·013 

h. m. S. m. S. s. 

0 20 41 ' 64 - 1 11 ·68 + ·o 2 
4 
3 
2 
1 
1 
6 

38 46 ·41 ·62 - ·o 
43 42"46 ·69 +· o 
48 00·43 ·64 -· o 
53 58·93 '67 +· o 
57 58·09 ·65 -· o 

1011s ·o5 ·60 - ·o 

19 13·93 ·66 
24 12·10 ·67 + ·o 
26 21·43 ·66 
34 08 "76 ·65 -· o 

·6G 36 26·761 
46 43·89 
49 21·01 

00 
1 

00 
1 

00 
3 
4 

·631 - ·o 
·70 +·o 

2 46 12·•t 1 1Jl·76 + ·os 
54 38 ·30 ·52 - ·16 
57 16 ·58 ·72 +· o 

3 01 22 •30 ·73 + ·05 
19 39 ·82 ·73 + ·05 

4 

28 25 ·41 ·69 + ·01 

38 39"98 ·GS ·oo 
48 46 "64 ·70 + ·02 
53 34·05 70 +· 02 
59 02 ·4]_ ·67 - ·01 

4 01 11 ·s2J ·64 - ·04 
22 61 ·89 ·GS ·oo 



164 DFJPARTMFJNT OF THFJ INTFJRIOR ix 
5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: DOUBTLESS BAY. Date, December 11th, 1903. Observer : ÛTTO KtoTz. 

ci. 
Star. 

~ 
ô - -

E ' Ceti .. ., ... .. . 
fJ Hydri ....... 
rz Ceti ......... 
fJ Ceti . ......... 
0 Piscium ... . .. 
a. Sculptoris .... 
€ Piscium ...... 

W fJ Pbœnicis .... _ 
t1 Piscium ..... . 
/J Ceti ......... . 
î' Phœnicis . ... . 
'f/ Piscium . . ... . 
a. Eridani ..... . 
v Piscium .. .. . . 

' .... .e o 
-ut' ci 

Transit ~:..:: 0 

over mean of ...... c:Sj .é ·.;, 
+> ~ 

threads . "'"' 0 "' s 
> cr'.~ s ;:l <D <D p. ,:; 0 

..:1 < 0 
----

h. m. S. s. s. S. 

0 16 00 -99 + "26 - ·15 - ·36 
22 09"74 + ·99 +1·10 -1·70 
26 37·31 + ·25 -·17 - ·36 
40 15·16 + ·29 - ·10 - ·38 
45 11·54 +·21 - ·23 - '36 
55 27"81 +·33 - ·03 - ·41 
59 27-30 + ·21 - ·23 - '36 

1 03 16·10 + ·06 + ·11 + -53 
10H·06 +·œ -·23 +·36 
W42 ·fil +·œ -·15 +·36 
25 40'45 + ·05 + ·01 + · 50 
27 50-25 +· 02 - ·27 +·37 
~M ·H +·06 +· 25 + ·~ 
37 55·51 + ·03 - ·22 + ·36 

,.; ... 
0 
0 

ci 'ë :3 ..; 
«>·-

~ "O,,, ... """' .; ... 
8 f +> 2 P! <1>"" 

<Il rn 
-------

S. 
S. r= - ·40 

+· 27 - ·02 00'99 
+·23 - ·os 10 ·28 
+·21 - ·02 37-22 
+· 11 - ·02 15'06 
+·08 - ·02 11·22 
+ ·02 - ·02 27•70 
- ·02 - ·02 26·88 

- ·o-c1 - ·os 15·73 
- '09 - ·02 12·11 
- ·15 - ·02 42"68 
- ' 18 - ·02 40'87 
- ·20 - ·02 50-15 
- '26 - ·04 37·42 
- ·27 - ·02 55-39 

a=+•·341 c= -•·360 

R. A. 

,.; 
0 

:,_.•,-1 ., ... 
~al s !:: 
oO 

. ,. 0 

e 
.J:! 
0 

v. 

-----1-----
h. m. s. 

0 14 32·27 
20 41 ·55 
25 08 ·56 
38 46'40 
43 42-45 
53 58·92 
57 58'08 

1 01 48'03 
08 43·41 
19 13'91 
24 12 ·08 
26 21 ·42 
34 08'731 
36 26·72 

m. s. s. ... 
- 1 28'72 00 

. 

·73 +·01 
'66 - '06 
'66 - 0G 
·77 + ·05 
'7'<'- + ·06 
·so + ·os 

·70 - ·02 
·70 - ·02 
77 + ·05 

·79 +· 07 
·73 + ·01 
·69 - ·03 
'67 - ·05 

Cbronometer correction at Oh 57m= -lm 28•·725± 1 "010 

/ 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: DOUBTLESS BAY. Date, December 12th, 1903. Observer : OTTO KLoTz · 

"O.., rd i " B.tl 
Transit ê:.:: 0 .... 

"" i ·.;; 0 0 .., s ~ Star. over mean of -oS~ .. ~ 00• .... R. A. oO V, 
i:i. threads. <D ~ 0 " .§ f "O"' A o 
6 > C".~ .ê .; ,.. 

1 g § 2 ;g .., " g~ .. Q) <D ;i " .. .n ..c 
ô H < 0 ~ slj 1:11 0 

g ...... 

- -------------------
h. m. S. s. S. S. 

s. s. h. m. s. m. S. S. r= - ·40 
E 'Y Pegasi ....... 0 09 58 ' 46 +·ui - ·27 - ·41 +·34 - ·02 58'23 0 08 17"88 - 1 40·35 - ·os 

' CeLi .......... 16 12-so + ·18 -·15 - -40 +·29 - ·02 12·70 14 32'25 ' 45 + ·02 
fJ Hydri ........ 22 21 '76 +·6!1 +1 ·13 -1'88 + ·25 - ·os 21'87 20 41'4/j '42 - ·01 
r2 Ceti ........ . 26 49"19 +·17 - ·18 - '40 + ·22 - ·02 48'98 25 08'65 •43 ·oo 
/3 Ceti .......... 40 26·98 +·20 -·n - ·42 +·13 - ·02 26'76 38 46 ' 39 ·37 - ·oo 
ô Piscium ...... 45 23'36 + ·15 - '24 - '40 + ·10 - ·02 22 ·95 43 42'4d ·51 + ·08 
o. Sculptoris .... 55 39·65 +· 23 - ·01 - '46 +·02 - ·02 39·38 53 68'91 ·47 +·04 

w /3 Phœnicis ..... 1 03 28 ·01 - ·16 +·11 +·59 -·02 - '03 28·50 1 01 48'00 ·50 +·07 
!'1 Piscimn ... ... 10 23 ·82 - ·09 - ·23 + ·40 - ·07 - ·02 23'81 08 43·39 '42 - ·01 
'Y Phœnicis ..... 25 52·23 - ·16 + ·07 +·55 - ·18 - ·02 52·49 24 12·06 ·43 ·oo 
'T/ Piscium ..... . 28 01'!)7 - ·os - '28 +·41 - ·19 - ·02 01·s1 26 21 ' 40 '41 - ·02 
o. Eridani ... . .. 35 48 "61 - ·20 + ·25 + ·74 - ·24 - ·04 49·12 34 08 ' 711 ·41 -·02 
V Piscinm ..... 38 07"31 - ·09 - ·22 +' 40 - ·26 - ·02 07·12 36 26'71 '41 -·02 
ç Ceti ....... ... 48 24'46 -·n - ·15 +· -n - ·34 -·02 24'26 46 43·87 ·38 - ·05 

a=+•·350 
Chronometer correction at Oh 59m= -1'" 408'426±''009 

W 1/L Rorologii. .. . . 3 03 02·71 - ·42 +· 34 + "92 + ·31 - ·o3 03 '83 3 01 22'26 - 1 41'57 + ·02 
ô Arietis ..... . 08 50·73 - -14 - -35 +· 49 + ·27 - ·02 5()·98 06 09·43 -55 ·oo 
T 1 Arietis .... .. 17 23 ·52 -·14 - ·35 + ·49 +·22 -· 02 23·72 15 42·18 ·54 - ·01 
,f Ta~ri. ...... .. 27 16 '81 - '16 - ·30 + ·47 + ·15 - ·02 11\ "95 25 35 ·41 ·54 - ·01 
• Er1dam ... . . 30 06'70 - ·21 - ·17 +· 46 +· 13 - ·02 06 '89 28 25"41 ·48 - '07 
T• J<:ridani. . . . . 31 15·07 - ·24 - ·10 +·50 + ·12 - ·02 15"33 29 33'76 ·57 +·02 
'T/ Tauri .. . .. . . 43 29"48 - ·13 - ·37 + ·50 + '04 - ·02 1 29'60 41 47 ·90 '60 + ·05 

E AiTauri. ....... 4 00 44 ·79 + ·09 - ·36 - ·50 - ·011- ·02 43 -93 59 02'42 ·51 - '04 
w' Tauri ....... 05 18 ' 08 +· os - ·35 - •49 - ·10 - ·02 17 '20 4 03 35·58 '62 + ·07 
0 1 Eridani ...... 08 53-99 + ·13 - '18 - '46 - ·13 - ·02 53-33 01 11·s2 ·51 - ·04 
o. Reticuli .. . ... 14 55·45 + ·29 +· 41-1·00 - ·17 - ·04 54·94 13 13'36 '58 + ·03 
• 'fauri ........ 24 44 '46 +·09 - ·35 - ·49 - ·23 - ·02 43"46 23 01 ·90 '56 + ·01 
o. Tauri 32 08'47 +· 10 - ·33 - '48 - ·29 - ·02 07·45 30 25·95 ·50 - ·05 
53 Eridani:::::: 35 30 ·51 +·15 - ·14 - ·47 - ·31 - ·02 29·72 33 48 ·13 -59 + ·04 

a= +•· 402 C= -•·460 
Chronometer correction at 3h J9m= - lm 41'·551±' 1.010 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 

Station: DoUBTLESS BAY, Da.te, December 17th, 1903. Observer : ÜTTO KLOTZ • 

. s!, ,.; ci ... 
0 a,-j 

'O.~ i:: ci " . Transit 0 - ., " r::~ -5 :;; 0 0.; 
., ., 

Star. over meanof d ~ a3 ce ·z a, -~ R. A. a t: v. 
~ thread8. _ ::sô ::, ] <Il -0 a, oo 

] ~ CT.t .§ .,; ... r:: <:l r:: " .. 0 <Il 0 

0 -:; $ " .. ... ., ., p. 
"' ., ., -"' 0 ,.::i -<Il 0 ~ < rn 0 

- - ---------------------- --
h. m. s. S. 8. S. 

s. 
r = - ·33 S. h. m. S. m. 8. s. 

E f Hydri ........ 0 23 19 ·89 + ·42 + 1·00 -1'74 +· 30 - ·os 19·79 0 20 40 ' 98-2 38·81 -·07 
Piscium .. ... . 46 21 ·5q + ·10 - ·21 - -37 +· 18 - ·02 21·36 43 42 ·39 ·97 +·09 

a. Sculptoris .... 66 37-93 + ·14 - ·03 - ·4!,l +· 13 - ·02 37·73 53 58'84 ·89 + ·01 
1• Piscium ..... . 1 00 37'40 +· 10 - ·21 - ·37 + ·10 - ·02 37·00 57 58 ·03 •9ï + ·09 
f3 Phœnicis ... .. 04 27·10 + ·17 + ·10 - ·54 +·os - ·02 26·89 1 01 47·91 ·9S +· 10 
f1 Piscinm ..... . 11 22·70 + ·10 - ·21 - ·37 + ·04 -· 02 22·24 08 43·35 '89 +· 01 
e Ceti .. .. ... .. . 21 53-19 +· 11 - ·14 _ ·37 - ·01 - ·02 52 ·76 19 13·85 ·91 +· 03 

w 0 Piscium ...... 42 58·92 - ·12 - ·22 +- ·37 -·l31-·02 
58·80 40 20·03 ·77 -·11 

r Ceti .......... 49 22'64 - ·16 - ·13 + ·38 - ·17 - ·02 22·54 46 43· 3 ·71 - ·17 
f3 Arietis ....... 52 00·06 - ·10 - -27 + •39 - ·1s - ·02 59·88 49 20·96 ·92 +· 04 
a. Hydri ..... .. . 58 23 ' 40 - ·32 + ·30 + -79 -·21 -·04 23-92 55 44'87 39·05 + ·17 
a. Arietis .. .... 2 04 25"62 - ·10 - ·29 + ·40 - ·25 - ·02 25'36 2 01 46·55 38'81 -· 07 
67 Ceti ........ . 14 51 '42 - ·15 - ·15 + -37 - ·30 - ·02 51·17 12 12·33 4 - ·04 
K Fornacis . .... 20 48'63 - ·18 - '06 + ·41 -· 33 -·02 48'45 18 09-59 ·861-·02 

a=+•.310 c= -•·369 
Ohronometer correction at lh 19m= -2m 38•·883±•·018 

w lo Eridani ..... 
. 

3 4119 ·02 - ·25 -· 1sj+ -37 +· 25 -· 02 19-79 3 38 39·98 -2 39·s1 - ·07 
-y Hydri ........ 51 24 '65 - •79 +· 98 + 1·36 +·rn--06 26·33 48 46 ' 40 ·93 +· 05 
J-yl Eridani ...... 56 13 '85 - '26 - ·15 + ·37 + ·11I- ·02 13·96 53 34 ' 06 ·!JO +· 02 
Al Tauri.. .. . ·I 4 01 42"31 - ·16 - ·37 + ·39 +· H - ·02 42'29 58 62·44 ·85 - -03 
w1 Tauri ........ 06 lf> 50 - ·17 - ·35 + ·38 + ·11 -· 02, 15·45 4 03 35 ·60 ·85 - ·03 
ol Eridani ... . .. 09 51 '68 - ·24 - -19 + -37 + ·09 - ·02 51 '69 07 11 ·84 ·85 - ·03 

E [a. Doradüs ...... I 34 37·411 - ·04 +·24 - ·G4 -- o4'--o3 3G·90 31 5ï•17 ·73 - ·15 
,ri Orionis ....... 47 19·67 - ·02 - ·27 - ·37 - ·12 - ·02 18 '87 4-t 38· 92 ·9fi + ·07 

• Leporis. 
. . . . . 1 

5 04 05-79 - ·02 - ·09 - ·39 -· 21 -· 02 05·06 5 01 25']2 ·!l4 + ·06 
'/3 Eridani . ..... 05 4n ·s2. - ·02 - ·20 - ·3G - ·22 - ·02 49·00 03 09·06 ·94 + ·:>6 

lµ Leporis 11 19 ·111 - ·02 - ·13 - ·38 - ·251- 02 18 '37 08 38 ·39 ·98 + ·10 

a= +•· 408 c= -•·363 
Chronometer correction at 4" 2Gm= -2m :19•·8 5±''018 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: DOUB'ILESS BAY. Date, December 18th, 1903. Observer : OTTO KLOTZ. 

ô. 
Star. 

~ 
d 

ô - -----

E i Hydri ........ 
Ceti .... ..... 

il Pisoium ...... 
wCeti . ... 
a. Soulptoris .... 
• Piscmm .... 
i"1 Pisoium ..... 

w f) Ceti .... ...... 
î' Phœniois . .. . . 
'T/ Piscium .. .... 
a. Eridani ..... 

" Piscium .. . . . . 
0 Pisoium ...... 
u Ceti ...... .... 

w lf T,_a?ri ........ . 
• Er1dam .. .... 
r6 Eridani ... 
ô Eridani .... .. • 
î' H ydri ........ 
î'1 Eridani ..... 

E AlTauri . ...... . 
a. Reticuh ...... 
E Tauri .. 
a. Doradüs. ::::. 
53 Eridani ... ... 
T 'Tauri ........ 
µ. Eridani 
1r1 Orionis . ...... 

' ..... ,.; .s 0 .. 
>, 8 

"S-~ ci ci 0 Transit 0 .9 ~--;;~ -E ·z ,.,; 
over mean of d 

.., ,n.,... R. A. 
Q) ~ ~ "' .ê 

d 'Cl"' 
threads. ,.. 

d~ .§ oi ,.. 
> cr-.,... ;g ..., ., § h Q.) ~ p., N 

~ ~ H < 0 rn 
--------- - -- --------

h.m. S. S. S. s. s. 
S. h. m. s. r= - ·37 

0 23 29 "871 +·65 + 1·17 - 1·76 + ·271- ·os 30·12 0 20 40 '88 
41 35·66 +· 19 - ·n - ·39 + '15 - ·02 35·48 38 46·31 
46 32·00 , + ' 14 - ·25 - ·38 + ·12 - ·02 31·61 43 42 ·37 
50 55·37 +· 16 - ·20 - ·37 + ·10 - ·02 55·54 48 06"35 
56 4 ·29 + ·21 - ·04 - •43 +· 06-·02 48 "07 53 58'82 

1 00 47·73 +·u- ·25 - ·38 + ·04i - ·02 47·26 57 58'01 
ll 33·17 +· H - ·24 - ·38 - ·03 - ·02 32'64 1 08 43·36 

22 03·06 - ·12 - ·16 + ·37 - ·10 - ·02 03 ·03 19 13·84 
27 OO·!-JO - ·18 + ·os+ ·52 - ·13 - ·02 01 ·17 24 11·95 
29 10'781 - ·09 - ·29 + ·38 - ·14 - ·02 10·62 26 21 ·35 
36 57 ·29 - ·22 + ·26 + ·70 - ·1s - ·03 57'82 34 08"54 
39 16·06 - ·10 - '23 + ·37 - ·20 - ·02 15'88 36 26·67 
43 09·491 - ·09 - '25 + ·38 - ·23 - ·02 09 ·28 40 20·02 
n8 18·,G - ·13 - •09 + ' 40 - ·32 - ·02 18'60 55 29·39 

a=+• ·362 c=-• ·373 
Chronometer correction at lh 06m= - 2m 49'·234±•·007 

3 28 25·48 - ·os - ·27 + '43 +· 25 - ·02 25·79 3 25 35·42 
31 15·37 - ·10 - ·lfj + '42 + ·23 - ·02 15 "75 28 25·40 
32 23·70 -·12 - '09 + ·45 +·22 - ·02 24 '14 29 33·77 
41 29·99 -· n - ·15 + · 43 + "17 - ·02 30·31 38 39 ,93 
51 34·58 - ·33 + ·85 + 1·56 +· 11 - '06 36'71 48 46·3G 
56 24· 16 -· n - ·13 + ·43 + ·07 - ·02 24'40 53 34'06 

4 01 52·75 - ·07 - ·32 + ·45 + ·04 - ·02 52·83 59 02·44 
16 0-1·02 +·35 + ·36 - ·91 - ·05 - ·04 03·73 4 13 13·29 
25 53 ·03 +· n - ·31 - ·44 - ·10 - · 02 52·27 23 01 ·93 
34 47·s2 

T ~I + ·21 - · 73 - ·16 -·03 47·40 31 57 '16 
36 39·12 + ·17 - '13 - •43 - ·17 - ·02 38·54 33 48·16 
39' .:1·55 + ·10 - ·32 - ·45 - ·19 - ·02 20·67 36 30·32 
43 3-1·:r6 + ·15 - ·19 - ' 42 - ·22 - ·02 33·66 40 43•32 
47 30 ·11 +· 13 - ·24 - '42 -·25 - ·02 29'31 44 38'92 

a= +•· 356 c= -•·417 
Chronom.,ter correction at 4h osm= -2m 5()a·360±•·oo9 

ci 
~ -~ .., <> 
Q) Q) a~ v. 
,:: " 8 

..c 
0 

--- --
m. S. s.J 

-2 49 ·24 + ·o 
l 

1 
·17 - '06 
·24 + ·o 
·19 -·o 
·25 +· o 
·25l+ ·o 

1 
4 
2 
2 
5 ·28 + ·o 

·19 ' - ·o 
·22I _ ·01 

4 

4 
5 
2 
3 
2 

·27 +· o 
·2s + ·o 
·21 - ·o· 
'26 +·o 
·21 -· o 

-2 50 ·37
1
+· 01 

·35 - ·01 
·37 +·01 
·38 + ·02 
·35 - ·01 
·34 - ·02 

·39 +· os 
·44 + ·os 
·34 - ·02 
'24 - ·12 
'38, + ·02 
·35 - ·01 
·34 - 02 
·39 + ·03 
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5-6 EDWARD VII. , A. 1906 

TRANSIT OBSERVATIONS. 

Station: DoUBTLESS BAY. Date, December 19th, 1903. Observer : ÜTI'O KLOTZ . 

. ..... .s 0 i:: 
~ 0 

]~ . d 

-~ 
" Transit ..... 

i . 9 0.; 
Star. overmean of 

.., 
R. A. d _5 .. .,.~ 

p. threads. - "'0 "' .§ f "O., 
.: § 

~ 
: ~.:: .§ i ... 

;::::l "' 8 ... 
., "' P, " 0 .. ,t:> ., .. 
H <11 0 ~ <,j rn 

-- - --------------------
h. m. S. s. s. s. 8 . 

S. h. m. S. r= - ·40 ' E () Eridani. 2 57 39·41 + ·10 +· 04 - ·54 + ·33 - ·02 39·32 2 54 38·21 
a, Ceti ... ....... 3 00 18 ·03 +· os - ·1s - · 41 +· 31 - ·02 17·79 57 16 ·56 
o Arietis ........ 09 11 ·22 +· 05 - ·24 - ·43 +· 25 - ·02 10 ·83 3 06 09 ·43 

',f Tauri . ........ 28 37 ·27 +· 06 - ·21 - ·42 +· 13 - ·02 36 ·81 25 3,5·42 
E Eridani .. ..... 31 21 ·05 +· 01 - ·12 - '41 +· 11 - ·02 26 ·68 28 25 ·39 
ri Eridani . 32 35·44 + ·us - ·oï - '44 + ·10 - ·02 35 ·09 29 33 ·76 
o Eridani ... .... 41 41"65 +·01 - ·12 - ' 42 +·04 - ·02 n ·20 38 39 ·93 

w -y Hydri .... ... . 51 45 ·88 - ·51 +· 67 + 1·54 - ·03 - ·06 47·49 48 46 ' 31 
-y1 Eridani . . . . . . 156 35 ·26 - ·17 - ·10 + ·42 - '06 - ·02 35 ·33 53 34 ·06 
Al'fauri .... . .... 4 02 03:82 - ·10 - ·25 + ·44 - ·10 - ·02 03 ·79 59 02·44 
w1 Tauri ..... . . ,. 06 37 ·07 - ·u - ·24 + ·43 - ·13 - ·02 37 ·00 4 03 35 ·60 
o1 Erids.ni . . .•. 10 13"21 - ·16 - ·13 + ·41 - ·15 - ·02 13'16 07 11 ·84 
E Tauri ......... 26 03 ·48 -· 11 - ·24 + •43 - · 26 - ·02 03 ·28 23 01 ·94 
53Eridani.. .. .. 36 49·77 - ·17 - ·10 + · 42 - ·33 - ·02 49- 57 33 48·16 

a=+•·2s1 c=-•· 410 
Chronometer correction at 3h 47m= _3m 01•·306±•· 020 

d 
t·_g .., (,) Q)., 
si:: 
00 
<l" 
0 ... 

..c 
0 ---

m. s. 
--3 01 · 11 

·23 
· 40 
·39 
·29 
·33 
. '%1 

·18 
·27 
·35 
"40 
·32 
·34 
' 41 

v . 

--
s. 

- ·20 
- ·os 
+· 09 
+· os 
- ·02 
+ ·02 
-· 04 

- ·1 
- "04 

3 

4 
00 

+· o 
+· 
+·01 
+· 03 
+ ·1 0 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station : , VRLLINGTON. Date, December 6th, Hl03. Observer: Tnos. Knw. 

.é 0 
>, 

Star. 
Transit il-~ 

over mean of ~ ~ ~ 'Z 
threads. a3 ~ ~ S 

• t co·a "N 
H < 

R. A. 

---------1-- ----- - - -- ------- _ _ ___ , _____ -

E o Piscium ... ... . 
~ Phœnicis . ... . 
51 Piscium . . .... . 
0 Ceti ......... . 
77 P iscium .... . 
a Eridani. . . .. 

W 5 Ceti ........ . 
a Hydri ...... .. 
i1 Ceti . .. . ...... . 
K Fornacis .... . 
• Ceti ......... . 

w -y Hydri . ....... 
A1 Tauri .... .... 
ol Eridani .. .. . . 
'Y Tauri . ~ ... 
€ Tauri . ....... 
Cl Tauri ... . .. 

E ' Aurigœ ... . .. . 
€ Leporis ...... . 
~ Or1onis .... . 
~ Doradüs ...... 

h. m. s, s. 
0 43 47·32 + ·20 
1 01 52-so + ·43 

08 48·20 + ·20 
19 18·53 + ·21 
26 26·30 + ·15 
34 13'14 + -53 

S. S, r= ;··25 S. 

+·391 +· 37 -·23 -·02 48'03 
- ·os + •ô4 - ·15 - ·02 53·52 
+ -391 + ·3; - ·12 - ·02 49·02 
+ ' 28 + -~7 - '09 - ·02 19 ·31 
+ ·45 + ·38 - '06 - ·02 27·20 
- ·28 + "69 - ·01 - '03 14·34 

i6 49·16 + ·17 + ·49 - ·40 
55 51·32 + ·66 - ·39 - ·79 

2 08 03·56 + ·22 + ·40 - ·37 
18 H ·79 + ·36 + ·17 - ·41 
30 55 -93 + ·23 + ·38 - ·37 

+ ·04 - ·02 49-44 
+ ·os - ·03 5o·s5 
+ ·13 - ·02 00·92 
+ ·17 - ·o:i 15·06 
+ · 22 - ·02 56·37 

a= -•·522 c= +• ·370 
Chronometer correction &t lh 37m= -5• ·496±•·031 

3 48 52'86 + 1 ·25 - ·ss -1·22 - ·22 - ·06 51 '73 
59 07 ·09 + ·18 +·49 - ·35 -·17 - ·02 07'22 

4 07 16 ' 49 + ·31 +·29 - ·33 - ·14 - ·02 16 "60 
14 25 ·30 + ·21 +· 46 - ·34 -·n - ·02 25-50 
23 or;-53 + ·20 +·47 - -35 - ·07 - ·02 0ü·76 
30 30 34 + ·21 +· 46 - ·34 - ·04 - ·02 30 61 

50 49·73 + ·10 +·59 + -39 + ·04 -· 02 50·83 
5 01 29'24 + ' 31 + ·18 + '35 +· 05 - ·02 30·11 

10 00·70 + ·26 + ·28 + ·33 + ·12 - ·02 01 ·67 
32 53·74 + '62 - ' 40 + ·71 +· 22 - 03 54'86 

a= -'"512 c= +• ·326 
Chrnnometer correction at 4" 40'"= -4•·840±• ·040 

• 

h. m. s. 
0 43 42 "50 
1 01 48·13 

08 43 -45 
19 13·96 
26 21'46 
34 08 ·87 

46 43·92 
55 45·20 

2 07 55·47 
18 09·68 
30 50·99 

3 48 46'76 
59 02 ·39 

4 07 11·so 
14 20·95 
23 01·86 
30 25"91 

50 45 ·92 
5 01 25·04 

09 56 "59 
32 50·29 

s. 8, 

-5"53 + ·03 
·39 - 11 
·57 + 07 
·35 - 15 
·74 + ·24 
·47 - 03 

·52 + ·02 
·65 + ·15 
-~51 - ·05 
·38 - ·12 
·38 - ·12 

1 

-4 ' 97 +· 
·83 -
·so -
·55 -
·90 + 
·70 -

·91 + · 
5-07 + · 

·os +· 
4-57 -

1 

13 
01 
04 
29 
06 
14 

07 
23 
24 
27 
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Station : WELLING'l'ON. 

Star. 

D EPA.RTMENT OF THE INTERIOR ix 

TRANSIT OBSERVATIONS. 
Date, Dooember 7th, 1903. 

. so 
>, 

Transit "g~ 
over mean of "' d! .& 

threads. ol ;.ti:' 
~ a>·a 

.,:i 

5-6 EDWARD VII., A. 1906 

Observer : THOS. Kr:s-G . 

R. A. v. 

__________ , ______ , _________ _________ , _____ , ___ _ 

E 71 Piscium ..... . . 
a. Eridani . ... .. . 
fJ Arietis . ..... . 
u Ceti ...... . .. . 
fJ Trianguli ..... . 

W v Ceti . ... . . ... . 
-y2 Ceti . . . ... . 

I
" Arietis. . . . . . . 
, Arietis.. . . . 
µ Horologii .. .. . 

\V I• Persei . ..... .. 
Al Tauri .... ... . 
wl T auri . .. . .. 
a Reticuli . . .... 
f Tauri ....... 

E a Doradt'\a 
µ Eridani .. : : : : : 
,ri Orionis. ..... 
' Aurigre. . . .. 
/3 Orionis. . .. 

Station: \VELLl:S-GTOK. 

b. ru. s. 

1 26 24 ' 11 
,3411-04 
49 23'46 
55 31 ·94 

2 03 53-33 

30 54'19 
38 23-43 
46 15·54 
53 47"56 

3 01 25"69 

s. 
-1- · l9 
+· 60 
+· 18 
+ ·34 
+· 10 

+· 23 
+ ·24 
+· 19 
+· 17 
+ "65 

s. 

+· 23 
- ·14 
+·25 
+· 10 
+ ·31 

+· 19 
+ ·19 
+· 23 
+ ·25 
-· 17 

S. r=!·Q9 S. 

+·35 -·07 -· 02 
+ ·64 - ·oo - ·03 
+ ·37 -· 04 -' 02 
+ ·37 -· 03 -· ü2 
+ ·42 - ·02 - ·02 

h. m. s. 

24 . 79 1 26 21' 451 
12·05 34 08 ·84 
24"20 49 21·03 
32 "70 55 29.47 
54 ·12 2 03 51 011 

- -34 + ·02 - ·02 54 27 30 50-99 
-·34 +· 03 -· 0223-53 3820'43 

-351 + ·05 - ·02 15·64 46 12-50 

- ·69 + ·07 - ·03 25·52 3 01 22·36 

S. s. 

- 3·34+"14 
·21 + ·01 
·17 -·03 
'23 + ·03 
·11 - 09 

·2s.+ ·os 
·10 - ·10 
14 - '06 

-24 +·0-1 
·16 - -04 

1 

= -37 + '06 - · 02 47 ·65 53 44"411 

-------------~----
a= -•·265 c=+• ·343 

Cbronometer correction at 2" 14m= - 3• · 195±•·024 

. 
3 51 29·30 +· os + "48 - ·:39 

69 05-37 +· 20 + "36 - -32 
4 03 38·57 +· 21 + -34 - ·32 

13 16 "82 +· 82 - -30 - ·(l5 
23 04'82 + ·21 + -34 - -32 

31 69 42 + ·58 - '16 + -52 
40 45·70 + ·27 + "23 +· 30 
44 41'2-l + ·17 + ·28 + -30 
50 43 -33 +· 11 + -43 + ·35 

5 09 58"831 + 29 + ·21 + -30 

- ·oo - ·02 
- ·05 - ·02 
- ·0-1 - 02 
- '03 - ·03 
- ·01 - ·02 

·oo - ·02 
+ ·02 - ·02 
+ ·02 - ·02 
+ -03 - ·02 

1 
29 -3 
05·5 
38·7 
16·(; 
05 ' 0 

60'3 
46"5 
41 '9 
4!J ·2 

!) 
4 
4 
3 
2 

,. ·()(j - ·021 59 ·6 
1' 

-1 
0 
9 
3 
j' 

Chronometer coi rection at -1 1• 30m= -3•· rn:i±•·022 

TRANSIT OBSERVATIONS. 
Date, December 11th, 1903. 

3 51 26 271 
59 02 ' 40 

4 03 35'56 
13 13'41 
23 01 '87 

31 57·20 
40 43 ·26 
4-l 38·8.~ 
50 45 -93 

5 09 56·61 

-3·12[- ·05 
·14 - ·03 
·18 + ·01 
·22 + ·05 
· 15 - 02 

·1-1 - ·03 
'24 + ·07 
' 14j- ·03 
-30 .,_ ·13 
·06 -· 11 

1 

Ob erver : THos. K1::-o. 

1 

.è~_ 1 1 = g ,J 1 

1 Transit f~ .1 -' -~ j ~ ~ ] I 
..: Star. over mean of ·- ~ ~ ~ ~ ~ "ti 'â: R. A.. ë g 1.·. 

- threads ~ ~ ~ - M " " " E 1 . . ëi o- > ;: .;: 1Ï "" '" o 
..:; ~ Q)S.. -~ ~ ~ ~ ~ t -2 

_:::__ ______ _ _ _ H __ __..::_ ~ _o:_f_::_ .!:_ ____ ~ -1 __ 

h. m. s. I s. s. 1 s. r= ! .09 s. I h. m. s. s. 
1 

s. 
1 3-l 06 •ï2 + ·53, - ·10 + ·55 - ·07 - ·03 07 ·GO 1 34 fJ8·74 + l 1-l - ·12 

10 13 -73 + ·2r; + ·11 . - -30 - ·on - ·02 19 -32 -10 20 ·0 o·rn + ·2G 
4!l rn · 10 + -15 ~ ·18' + -31 - -05 - ·02 rn -97 -19 21·00 1 -03 - ·01 

2 07 53·80 + ·19 + ·151 + ·30 - ·02 - ·02 54 '-l0 2 07 5.5·-lo 1 05 - ·03 

30 49 -79 -,. 23I + ·H - ·291 + ·011-- 02 49·86 30 50 '98 1 ·12 -· 10 
38 l!J 30 + 2ë + · J-! - ·2\1 + ·02 - ·02 19 ' 41 38 20 · 42 1 ·01 + '01 
54 37 · 11 I ~ · -l 7 · 00 - · 39 + · 05 - · 02 37 · 22 54 38 · 29 1 · Oï - · 05 

30121·3G -,.· (;8 -13 -·59 +· on-·03 21 ·35 301i2 ·2S 0 -93 +· 09 
06 08 26 .,. ·191 + ' 18 j - ·31 + ·071- ·02 08 37 06 OfJ ·H 1 ·07 - ·05 

E a Eridani ... ... . 
o Piscium ..... . 
p Arietis ... . . . 
(l Ceti ... 

\V v Ceti ... . 
-y°Ceti . .... . 

1

/J Eridani ... . 
µ Horologii .. . 
ô .-\rietis. . . 

a = -•· 196 c= +·· 293. 
Chronometer currection at 2" 20m= ~ l • ·021 ±'' 031 
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SESSIONAL PAPER No. 25b 

TRANSIT OBSERVATIONS. 

Station: WELLINGTON. Date, December 12th, 1903. Observer : Ta:os. KING. 

1 

.é'ë 
1 1!~ § 

~ ... . -
'tl.., .; .; ~o 

Transit .:·- 0 "' "' ., ~ . .s :;; 0 l:i t Star. over mAan of ,s .5 " 
·..; .,._ R. A. v. 
" 'tl., o o 

ci. threads. - ::: ~ ::s <= ... ::s <l ::s" 
s ~ 0-.-i .§ ~ .2i " 0 ol g 
ol a> CD :::., " .. ll ~h ..d 
ô H < 0 p:; <!j Ul 0 ------- -- --

h. m. S. s. s. s. S. 
r= +· 12 S. h. m. s. s. R. 

E i Ceti ..... . . .. 1 46 40 ·041 + ·20 + ·16 +· 27 - •09 - ·02 ,10 ·56 1 46 43 ·87 + 3 ·31 +· 05 
a Hydri ... 55 41 · 04 + · 46 - ·24 +·55 -· 07 - ·03 41 ·71 55 45 •02 ·31 + ·05 
a Arietis . . ... . . 2 01 42·53 + ·11 + ·31 +· 28 - ·06 - ·02 4,3 · 15 2 01 46 ·59 -44 - ·os 
67 Ceti . ... .. .. 12 08·46 + ·19 + ·1s + ·26 - ·04 - ·02 09 03 12 12 ·36 -33 +· 03 
K Fornacis . . . .. 18 05·56' + ·24 + ·10 +· 29 - ·03 - ·02 06 ·14 18 09·63 •49 - ·13 

w • Ceti ... . 30 47 ·44 +· 24 +· 23 - ·26 ·oo - ·02 47 ·63 30 50 ·97 ·3-1 +· 02 
-y2 Ceti .. .... .. . 38 16 ·Sfl + ·25 + ·22 - ·26 +· 01 - ·02 17 ·09 38 20 ·41 ·32 +· 04 
rr Arietis . . . . . .. 46 08 ·90 +· 21 + ·27 - ·27 + ·03 - ·02 09 ·12 46 12· 48 ·36 ·oo 
µ, Horologii . . . 3 01 1s· s9 + ·67 - ·20 - ·52 +· 06 - ·03 18·81 3 01 22 ·26 ·39 - ·03 
-r1 Arietis . . . . . . 15 38· 57 + ·17 + ·30 - ·2s +· 09 - ·02 38·83 15 42 ·1s ·35 + ·01 

a= -•· 315 o= +• ·261 
Chronometer correction at 2h 31m= + 3' ·362±•·017 

w e Tauri .. .. . .. . 4 22 58·47 1 +· 21 [ +· 15 - ·30] - ·o91- ·02 5s -42I 4 23 01· 901 + 3· 48[+ ·20 
a Dorad O.s ... ... 31 53 ·52 +· 67 - ·07 - ·49 - ·0'ï - ·03 53 -53 31 57 ·19 ·66 + ·02 
µ, Eridani. . . ... 40 39 ·54 + ·31 + ·10 - ·2s - ·o5 - ·02 39 ·60 40 43· 28 ·GS ·oo 
, Aurigœ . . . .... 50 42 ·34 +· 13 + ·18 - -33 - ·03 - ·02 42· 27 50 -15·os T°' e Leporis . ... . 5 01 21 ·22 +· 40 + ·0G - -30 - ·01 - ·02 21 ·35 5 01 25· 08 ·73 -· 05 

E ~ Orionis .... . 09 52 ·¼) +·31 + ·09 +·28 + ·01 - ·02 52" 86 09 56 "64 ·78 - ·10 
ellatri x .. . . . . . 19 55 ·74 + ·25 + ·12 +·28 + ·03 - ·02 56 '40 20 00 ·12 ·,2 - ·04 

R A.C.lH0 .. . . . 27 23·44 + ·53 - ·02 +· 41 + ·04 - ·02 29·38 27 32 ·90 ·521+ ·16 
K Orionis. . .. 43 09· 07 +· 30 +· os .,_ ·2s -!- ·07 - ·021 09" 78 43 13 ·42 ·64 + ·04 
a Orionis . . . . . 49 55· 24 +· 25 +· 12 +·28 + ·09 - ·02 55·96 49 59· 67 ·n - ·o3 

(t= _, -147 c= +• ·280 
Chronometer correction at 5h 06m= +3•·6S-!±•· 03-! 
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5-6 EDWARD VII., A. 1906 

TRANSIT OBSERVATIONS. 
Station : WELLINGTON. Date, December 17th, 1903. 

ci. 
Star. 

8 
~ 
Q 

E p Ceti .. .. . . . . . 
q, Eridani 
ç2 Ceti ..... : : : : . 
p Ceti . . .... . . . . 
-y 2 Ceti . . . ... . .. 

Vi' 10' Arietis . . ... . . µ, Horologii .. .. fr' Arietis . . . . . . 
o Tauri .. . .... . 
r1 Tauri . .. .. . . . 

Station: WELLrnGTON. 

50 ,.; ... 
>. 0 

'"O.., ci ci " Transit -::,·- 0 -~ o . ..:i 
over mean of 

d - . 'Z .; 
d $l d 

,,, __ 
d '"O œ 

threads. - ::l 0 
::l .§ ... 

"" ~ cr.?: s È ... 
::g " 

od 
"' ., o. ·::: ., .t:> " ... "'.., 
H < Q ~ -< rn 

--------~ -·-----
h. m. 8 . s. s. $. 

S. 
r= + ·04 S. 

2 07 51·17 + ·19 + ·31 + '26 - 03 - ·02 51 ' 88 
13 00 ·97 + ·47 - ·121 +· 41 - '03 - ·02 01 ·68 
22 59 -94 + ·19 + ·3t +· 26 - ·02 - ·02 60'66 
30 -16 ·69 +· 20 + ·29 +· 25 - ·01 - ·02 47·40 
3? 16 '07 +· 21 + ·28 +· 25 - ·01 - ·02 16 ' 78 

46 08' 57 +· 25 +· 34 - ' 26 ·oo - ·02 os ·ss 
3 01 18'57 + ·85 - ·26 - ·51 + ·01 - ·03 18·63 

15 38 ' 30 + ·21 +· 38 - ·27 + ·02 - ·02 38'62 
19 35-99 +· 29 + ·31 - ' 26 +· 02 - ·02 36 ·33 
34 59 ·49 + ·22 + ' 40 - ·28 + ·03 - ·02 59 ' 84 

c= +• ·254 
Chrouometer correction a t 2h 51m= + 3•·559±•· 027 

Date, D ecemb~r 18th, 1903. 

.e a ,.; ... 
0 ,., 
"' 

Transit ]:: <= ci -0 0 
-~ Star. over mean of ~ ($2 'Z ·.;; ..; ., ,,,,_ 

ci. f '"O "' threads. ...... ~ 9 ::, 
.§ "" 8 ~ O".::: .§ .2i 3 0 ;~ ., f Q) ;:::.. ::g ~ ;; 

ô 
N d 

....J < ~ 0:: < r:r. 
------- - - ------------~ 

-S. i- -
1 

h. m. s. s. s. s. r = : · ·04 
E ( ' Ceti ..... . ... ·1 2 07 50 ·27 -,- ·211 + ·32 

+ 241 
- ·02 - ·02 51 ' (,Q 

q, Eridani . .. . .. . 13 00 ·03 + ·51 - '13 + 39 - ·02 - ·02 00 ·76 
/;' Ceti . . .... .. •. 22 58'89 + 21 + ·32 + ·24 - ·01 - ·02 59 ' 63 
o Ceti . . . . . .. .. . 34 29 ·32 + ·24 + '28 -'- ·24 - ·011- ·02 30 '05 

l-y2Oeti ....... . •. 3S 15· 14 + ' 23 + ·29 + ·24 ·oo - ·02 rn ·88 

w l'Y A rietis . . .. .. 46 07·73 + ·21 + ·3G - ·25 ·oo - ·021 os· o3 
• Arietis ........ 53 39 ·64 + ·18 + ·3(1 - '2ô + ·011- 02 39 -94 

Iµ, H orologii ... . . 3 01 17 ·79 + ·6!) - ·27 - ' 48 + ·01 - '03 17 ·71 
r 1 Arie tis . . .. . .. 15 37 ·40 + ·17 + "40 -·2(j + ·02 -· 02 37-71 
o Tauri . ... . .. . 19 34 ·81 + ·23 + ·32 - 24 + ·03 - 02 35- 13 

a= -• ·-120 c=+•·239 
Chronometer correction a t 2h 43m = + 4•·479±''029 

\V la ~eti~uli ... . . . 4 13 os·s9 + ' 76 - ·211 - 73 - •031_ .031 08·65 
I' 'I aur1. . .. .. . 22 5ï '33 + ·20 + ·25 - ·36 - ·02 - ·02 57 ·33 

1
a T auri ... . ... . 30 21 ·16 + ·21 + ·23 - ·35 - ·02 - ·02 21 ·21 
T ,.f auri .. , . , . 36 25'56 + ' 18, + ·2fi - ·36 - ·01 - ·02 25·Gl 
µ. Eridani . . .... -10 38· 47 + . 2'J + ·J6 - ·3-I - ·01 - ·02 38·55 

E 1 . \urigre . . ... . . 50 -10·66 + ' O'.I -,-·'31 -,- ' 40 ·oo - ·02 41 ' 44 
< L eporis ...... 5 01 19'üï + ·:30 + ·10 -,- 36 +·01 - ·02 20· 42 
(3 Orionis ..... . O!l 51· ~0 ~ ·25 + ,151 -'- . 3-1 + ·01 - ·02 51 ·fl3 
/3 Bellatrix ..... • rn M·oo + ·20 -'- ·20 ~ ·34 + ·02 - ·02 55·54 
/3 Doradfis ... 32 44 ·5G + ·59 - ·:J l ~ ·73 + ·03 - · r3 45'671 

a= -•·21)8 c= -,.•·336 
Chronometer correction a t 4" 53m= + 4•·687±' '023 

Observer : THos. KING. 

ci 
0 ... --., .., 

al 2: 
R. A. s ... v. oô 

"" 0 ... 
..c 
Q ---------

h. m. s. s. s. 

2 07 55 ·41 + 3 ·53 +· o 3 
13 05 ·33 ·65 -·09 
23 04 ·06 ' 40 +· 16 
30 50'95 ·5.5 +· 01 
J8 20·39 ·61 - ·o-0 

46 12 ·47 ·59 -·o 3 
3 01 22·15 ·52 +· 04 

15 42 ' 18 ' 56 ·oo 
19 39 "82 ·49 +· 07 
35 03 ·51 ' 67 -· 11 

Observer: Taos. K1~m . 

ci 
0 

'"'·.;; .s g 
"' ... 

R.A. 81:1 1· • CO 
§ ... 

..c 
Q 

- - ---- --- --
h. ru. s. s. S. 

2 07 55 ·411 + 4 ' 41 + ·07 
13 05 ·31 ·55 - ·07 
23 04 ' 06 · -13 + ·05 
34 34 50! ·45 + ·03 
38 20 •391 ·51 - ·o3 

46 12 ·47 ' 4-1 + ·04 
53 44 -39 ·45 + ·03 

3 01 22 ·13 ·42 + ·06 
15 42' 18 ·47 + ·01 
19 ~9· 2 '69 - ·:..1 

4 13 1;· 291 + 4 ·64 + ·05 
23 01 ·93 ·55 + ·14 
30 25"9\l / ·78 - '09 
86 30 '33 ' ï 2 - ·o3 
40 43· 32 ·77 - ·OS 

50 46· 04' · 60 + ·09 
50125"12 ·70 - ·01 

09 56· 70 ·111-·08 
20 00 ·18 ·64 + ·05 
32 50· 36 ·69 ·oo 

1 1 



ix REPORT OF THE OHIEF ASTlWNOMER 

SESSIONAL PAPER No. 25b 

PERSONAL EQUATION. 

TRANSIT OBSERV AT,IONS. 

Station: "WELLINGTON. Date, January 10th, 1904. 

i:i. 
Star. 

I" 
ol 

6 -

E o1 Eridani .... .. , Tauri . . ...... 
a Doradt:ls 
1r1 Orionis ....... 

w K Orionis . .. . . .. 
1 Geminorum .. 
a Argüa ..... .. . 
-y Geminorum. . 

.èO ~ 
>, 0 

" -0.~ 
,:; ,:; 

Transit ·-3 ô Cl.-, .j 
overmean of ~ œt ~ 

..; 
ol ., .~ 

tbreads. 4) := ~ ::, _§ f "O ., 

.ê i 
::, ::, ... 0 ol > a'.-

~ Jl ~h "' "' s:,. "' .1 H <j 0 <j r:n 
----------------

h. m. s. S. S . S. 
S. 

r= - ·012 S. 

4 06 29 '16 - -07 +· 38 +· 17 + ·01,- ·02 29 "63 
2?. 18 ·()6 - ·05 + "61 + ·18 + ·01 - ·02 19 '69 
31 15'00 - '15 -'28 + ·30 + ·01 - ·03 14·85 
43 56'04 - ' 06 +·50 + ·17 + ·01 - ·02 66'64 

5 42 31·39 - ·02 +· 35 - ·17 ·oo - ·02 31"53 
57 36·16 - ·01 +·65 - ·19 -·01 - ·02 36"58 

6 21 09·83 -' 03 -· 22 - ·2s -·01 - ·03 09 ' 26 
31 29·16 - ·01 + •59 - ·18 -·01 - ·02 29 "53 

c=+•·173 
Chronometer correction at 5h 1801 = +42' ·135±''050 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Station: WELLINGTON. Date, January 11th, 1904. 

iië ,.; .... 
~~ 0 

d ,:; " Transit ~:.: . .,? ~ 

.s 0 0_.; 
Star. over meanof -del ~ -~ 

,,, __ 
i:i. threads. "' ::, 0 ::, E "O "' 

s s i 
.... C: C: 

> cr.~ :5 
.. ge ol a,"' s:,. "N "' 

ô 0 ~ 
,J:J "'., H <j 0 < r:n 

-- ------ ----------- ------ - --
h. m. s. s. s. S . 

s 
r = - ·024 s. 

E < Geminorurn ... 6 37 20·13 + ·02 +· 83 +· J4 + ·02 - ·02 21 ·12 
< Canis Majoris. 54 10 ·46 + ·os + ·20 + ·14 + ·01 - ·02 10 '87 
o Geminorum ... 7 13 42 '19 + ·05 + ·80 +· 13 + ·01 - ·02 43 ' 16 
QCarinre ..... .. . 32 37 -; 3 +· 11 - ·25 + ·20 ·oo -· 03 37 '76 

w 1 Argüs .. . ... 59 32 ·86 + ·20 + ·02 - ' 16 -· 01 - ·02 32·89 
, Argüs . . . . . 8 19 54'36 + ·29 - ·49 - ·24 - ·02 - ·03 53 ·87 

a= - • ·817 c= +•· 122 
Chronometer correction at 7" 28'" = +41'·935±• ·044 

173 

Observer : Thos. King. 

R.A. 

b. m. S. 

4 07 11'76 
23 01 ·92 
31 56·83 
44 38·95 

5 43 13·60 
58 18·65 

6 21 51 ·57 
32 11 ·52 

.§ .... ., 
"'" ., "' "' ... ,: ... 
08 v. 
::, 
0 ... 
5 

-----
s. 

+42'13 
42·23 
41'98 
42'31 

42'07 
42'07 
42 "31 
41 ·99 

8. 

+ ·o 
-·o 

1 
() 
6 
7 

+· 1 
-· 1 

+·o 
+·o 
-·1 
+ ·1 

7 
7 
7 
5 

Observer : THOS KING. 

d 
~ -~ 
.; g 
s::: R. A. V, 88 
0 .... 

..d 
0 

---- --- --
h . m. S. s. S. 

6 38 03 "20 + 42 '08 - ·14 
54 52 ·89 42 '02 - ·os 

7 14 24 ' 99 41'83 + ·11 
33 19'64 41 '88 + ·06 

8 00 14 '68 41'79 +· 15 
20 ::!5"89 42 ' 02 - ·os 

• 

• 



• 

174 DEPART.11fü,-T OF THE INTERIOR ix 

5-6 EDWARD VII., A. 1906 

PERSONAL EQUA.TIO~. 

TRA SIT OBSERV ATIO :rs. 
Station : WELLINGTON. 

• 
Date, January 10th, 1904 . Observer : OTTO KLoTZ. 

' .... t CO 

~~ 0 

.i ci 
0 

Transit Q,_ ~ 

à! - ..é 0 0.; 
Star. over mean of -~li ..., à! ·;; 

~-~ ci. threads. Cl) :;j 0 ::, .§ " s > o-.;:: .ê .; t: ~ d 

J 
., 

~z à! ., ., p. 
"' ô .0 

ô i-J < 0 < ;f) 

- ------ - - -------- - -- -- --
S. s. s. s 

S. r=- ·012 
E 7/ Tauri . .. ..... 3 41 05·34 - ·04 + ·68 +· 23 +· 01 - ·02 00·201 

-y1 Erida.ni ... . . 52 51 ·95 - ·os + ·32 + ·221 + ·01 - ·02 5~·-10 
w1 Tauri 4 02 53·18 - ·05 +· 63 + ·23 + ·01 - 02 53 ·!)'; 
a Reticull.'.:: ::: 12 31 ·44 - ·]8 - ·55 + · -t6 +·01 - ·o3 31 ·15 
T Tauri . .. .. .. .. 35 47·83 - ·04 +· 67 +· 23 ·oo - ·02 48 ·G7 

W < L eporis .. . .. . 5 00 43·65 - ·06 + ·25 - •23 ·oo - ·02 43-59 

1

, Û<>oo;, .. .... . 19 18'63 - ·04 + ·38 - ·22 ·oo - ·02 

18 "i f3 DoradC\s .. .. . 32 09 "651 - ·12 - ·5-t - ·46 - ·01 - ·03 08 ·49 
a Orionis .. ... .. 49 18 ·02 - ·04 +· 52 - ·22 - ·01 - · 02 13·25 
7J Geminorum .. 6 08 24 "61 - ·o3 +· 67 - ·23 - ·01 - ·02 21·99 

a= -•·689 c=+•·213 
Chronometer correction at -th 54m= + 41' '586±•· 014 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

R. A. 

-----
h. m. s. 
3 4 l 47 · 0 

53 33 -95 
4 03 35-55 

13 12·73 
31i 30-33 

3 01 25 ·11 
20 00·27 
32 50·12 
49 59 ·91 

6 09 06·55 

<i 
J.,o .2 
<I) +> 

..., " "'., s t: 
00 "'t, 
0 .. 

..c 
0 

---
R. 

+ 41·60 
·56 
·57 
·58 
·66 

·52 
·64 

v. 

-
s. 

-· o 1 
04 
2 
1 

+· 
+· o 
+ ·o 
- 07 

+·o 
+· o 

7 
5 
4 

07 
3 

:~r=:o 
·56 +·o 

Station : WELLINGTON. Date, JaDLtary 11th, 1904 . Observer : OTTO KLOTZ. 

. è 'o I t: g 
"C ~ d . 8 ~-.z 

Transit § :_: . ,..: . .3 .2 0 ~ j f 
. Star. over n.ean of_ d 25 'Z ~ ~ ~-;; R. A. o ~ v. 

P. threads "' "' 0 1 g E . '" c 0 0 
" E · > cr.:: - ~ "'" o f 8 -5 ., " p. ·,. "3 à! 1l al..., ..c 

o 
1 
____________ i-J < o ~ < rn _ _ _ o _ _ 

E -y Geminorum . .. 
a Pictoris . .... 
li Canis Majoris. 
f3 Canis Minoris. 

w ~ Argos ..... .. 
l'Y ArgC\s .. ··• · ·. 

h. m. s. s. 1 s. . . r = _:q·. 012 s. h. m. s. s. s. 
6 31 29 ·21 

4U 34-34 
7 0~ -t!J ·06 

21 16 "04 

44 35-25 
8 05 55·34 

+· 03 + "66 
+ · JO - ·5(; 

+ ·05 + ·22 
+ ·03 + ·58 

1 
+ ·22 + ·24 
+ ·3 t - ·ll 

+· 10 + ·01 - 02 29·99 6 3211·52 + 41 ·53 -· 0l 
+ ·20 ·oo - ·03 :{4·o5 4, 15 -57 ·52 oo 
+ ·10 ·oo - ·02 49 ·41 7 04 30·96 ·55 - ·03 
+ -09 ·oo - ·02 15 -72 21 53·21 · -t9 + ·03 

- 10 ·oo - ·02 35 59 
- · ]4 - ·01 - ·021 b5'37 

45 17 ·11 
8 06 3G· 89 

·52 
·52 

00 
00 

ct= -•· 754 c= +•· 093 
Cbronometer correction at 7h t om= + 4t•· 52l±•· oos 

H ence the weigh ted mean, King anticipated Klotz •· 257±•· 045 
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SESSIONAL PAPER No. 25b 

PERSON AL EQUATION. 

TRANSIT OBSERVATIONS. 

Station: Û'lTAWA. Date, June 22nd, 1904. Observer: F. W. 0 . WERRY, 

p. Star. 

8 
"' 5 

-

E 201. ............ 
203 .......... ... . 
205 . .. .......... 
206 ..... ······· 593 ...... 
212 ............. 

w 217 ............. 
221. ............ 
2'22 ........... 
223 ......... 
2'2.3 ....... ,. ..... 
473 ..... .. ... . 

-· 

w 229 ............ 
230 ............ 
231 ............. 
232 ....... 
478 ............. 
233 ....... ..... 

E 234 .......... 
598 .. . ......... 
236 ............. 
238 ............ . 
241 .. ........... 

·- 1 
,.; .s 0 " 

"' l>, 
0 

è è " r::""' 0 Transit cS:::: . ~ 0 ..; 
over meanof - d.f's .zj 

"' 
,,,,_ R. A. 

"' "'., threads . ., " 0 " s ,_ 
r::"' 

?- o-.::. !: ~ 
,; ~ 0"' ., ., "" ·;; .., 

.a gh 0 "' ~ < 0 ~ < r/1 
--------------- - - ---

h. m. S. s. s. S. 
s. s. h. m. S. r = - ·14 

15 15 24·42 -· 06 +· 03 -·55 + ·07 - ·02 23 "89 15 11 39"88 
24 40 ·21 - ·051 - ·1s -1·50 +· 06 - ·05 38"49' 20 54·52 
27 38·81 - ·011 + ·04 - •53 + "04 - ·021 38·33 23 54'26 
3115"42 + ·011 + ·01 - ' 61 +· 03 - ·02 14 '84 27 30'80 
33 56·21 +·01 +· n -·47 + ·03 - ·02' 55"87 30 11 "87 
43 18 ·88 + ·04 + ·os - ·46 ·oo - ·01 18 "53 :'19 34"62 

5112"67 - ·01\ + ·38,+2·23 - ·01 - ·o: lfl'13 47 31 '16 
16 09 30 '30 + ·04 ·oo + ·65 - '06 - ·02 30"911 16 05 46"90 

13 05·02 + ·02 - ·111 + '46 -·07 - ·01 05 "31 09 21·35 
17 00·56 + '03 - ·11 + "46 - ' 07 - ·01 oo ·s6I 13 16'98 
21 27-09 +· 051 - ·07 + ·49 - ·os - ·02 27"46 17 43-39 
24 45·19 + ·o5\ - ·os

1 
+ ·47 - -09 -

102 45 ·52 21 01-47 

a,=+•·121 ct2 =-•·146 c=-•·4G0 
Chronometer correction at 15" 45m= -3"' 43•· 993±•· 0H 

16 31 55·52 + ·15 - ·02 + 1 ·07 + ·07 - '04 56· 75 16 28 j2·76 
34 46 '33 +·os ·oo + ·52 + ·06 - ·02 46"97 31 02 78 
41 25·98 + ·07 ·oo +· 45 +· 04 - ·02 2ü·52 37 42-44 
43 22·17 + ·os ·oo + ·50 +·04 - ·02 22·77 39 38·59 
51 28"60 +·05 + ·01 + ·40 + ·02 - ·02 29'06 47 45·00 
56 53·44 +·05 + ·01 +·39 +·01 - ·01 53-39 53 09 '87 

17 00 23·71 +·15 ·oo - ·45 ·oo - ·02 23·39 56 39·36 
08 39'67 +·07 + ·01 - ·40 - ·02 - 02 39-31 17 04 55·12 
12 18 ·13 +·31 - ·01 - ·94 - ·03 - ·0-1 17·42 08 33·37 
14 52·23 +· 141 ·oo - '42 - -03 - ·02 51'90 11 07·73 
34 16 '69 + ·12 +· 01 - ·39 - ·08 - ·02 15·23 30 31-18 

a= +•·015 c= -• ·384 
Chronometer correction at 17h OOm= _ 3m -14•·095±•·016 

è 
0 ,.._ 

~tl ., ., 
s 1:: 
O 0 r::<> 
2 

,.c: 
0 
--

m. S. 

-3 44·c1 
43·97 
44"07 
44'04 
44 ·00 
43·91 

43·97 
44·01 
43"96 
43'88 
44·07 
44"05 

-3 43·99 
44'19 
44'08 
44·18 
44'06 
44'02 

44 ' 03 
44"19 
44-05 
44 ·17 
44'05 

u. 

--
S. 

+·02 
-·02 
+ ·os 
+ ·05 
+· 01 
- ·os 

- ·02 
+· o 
- ·os 

2 

1 
08 

-·1 
+· 
+ ·06 

-·1 
+ ·1 
-·o 
+ ·o 
-·O 

0 
0 
1 
9 
3 
7 -·o 

-· o 
+ ·1 
-· o 
+· o 

6 
0 
4 
8 

- 04 
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5-6 EDWARD VII., A. 1906 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Station: ÛTTAWA, Date, June 22nd, 190-1. Observer : ÛTTO KLOTZ. 

1 

.so ..: ,à 
1 

... 
....j 

'"Cl t' 8 ,à 

1 .1 .... .s " Transit ;:.:; . -~ 0 . 
., ., 

Star. over mean of .c ..., 
R. A. s t: -ce.!$ 

"' 
d! 

,,, __ 
og v. 

ci. threads. G) :::l 0 .ê ~ 1 t 
'"Cl"-

"" 2 .§ > C'.~ s 0 d! 
., ., p. 

~ :a ..., ., " ... 
-~- -- ~ 

.,..., .c 
0 H 0 w 0 
-------- --------

h. m. S. S. s. S. 
s. 

r= - ·1.4 S. h. m. S. m. S. S. 

E 201. .... ... .. 15 15 2.,·01 ·oo + ·16 + ·42 -"- ·07 - ·02 23·64 15 11 39·88 - 3 43"76 - ·09 
203 .. 24 38·22 + ·os -1·01 +1· 15 +· 06 - '05 38·45 2() 54·52 ·93 + ·os 
205 . ........... . 27 37 · 37 +· 04 +· 22 +· 40 + ·04 -· 02 38·05 23 54 ' 26 ·79 - ·06 
206 .. . ..... .... 31 13 ·94 + ·05 +· 07 +· 47 + ·03 - ·02 14·54 27 30"80 ·74 -·u 
593. ... 33 54·74 +· 03 +·61 + "36 +· 03 - ·02 55-75 30 11 ·87 ·ss +· 03 
212 . . ........... 43 17 ·73 + ·04 + ·43 +· 36 ·oo - ·01 1s·55 39 34"62 ·93 + ·os 

1 w 217 ...... . . ..... 51 19·60 - -99 - 1·79 - 1 ·71 - ·01 - ·07 15"03 47 31·16 ·s1 + ·02 

l:t:::.: ::.::::. 16 09 31 "58 - ·35 + ·01 - ·50 - ·os - ·02 30"66 16 05 46·90 ·76 -·09 
13 05 ·37 - '16 + ·51 - ·35 - ·07 - ·01 05·29 09 21 ·35 ·94 + ·09 

223 . ......... 17 00·95 - · ]6 + ·53 - -35 - ·07 - ·01 oo·s9 13 16·98 ·91 + ·06 
225 . ... ....... 21 27 ·68 - ·23 +· '32 - ·37 - ·os - ·02 27'30 17 43 -39 ·91 +· 06 
473 ....... . ..... 24 45 -53 - ·211 + ·36 - '36 - -09 - ·02 45·31 20 01 ·47 ·84 - ·01 

a=+•·685 c=+•· 352 
Chronometer correction at 15h 45'°= _ 3m 43,· 855±•·016 

W [229 . .. . ....... 16 31 59·09 - -531 - ·G7 - -99 +·07 - ·04 56·93 16 28 12"76 -3 44 ·17 + ·14 
1230 ..... .. .. .. 34 47 ·44 - ·32 + ·04 - ·48 + ·06 - ·02 46 ·72 31 02· 78 43 ·94 -· 09 
231. ... .. .. .... 41 26 "80 - ·27 +· 17 - ·41 +· 04 - ·02 26'31 37 42 '44 43·s1 - ' 16 
1232. . .. .. .... 43 23 ·23 -'l + ·os - ·46 +· 04 - ·02 22 -57 39 3 ·59 43 "98 - 05 
478 ............. 51 29·2s - ·21 + ·32 - ·37 +· 02 ·oo 29·04 47 45· 00 44·04 + ·01 
i233 .. .. . ... .. 56 54·12 - ·19 + ·3G :~1 + ·01 - ·01 53-93 53 09"87 44·06 +· 03 

! 
23·37[ E 234 ..... ... .... 17 00 22·72 + ·os + ·1s ·oo - ·02 56 39 36 44·01 . - ·02 l!lL :.: :: os 38·33 + ·04 + ·55 + ·37 - ·02 - ·02 39-251 17 04 55 12 44'13 +· 10 

12 16 '95 + ·16 - ·52 + "87 - '03,- ·04 17 •39 08 33·37 44·02 - ·01 
238 ............. 14 51 ' 07 +· 01 + ·24 + ·39 - . 03 - ' 021 51 '721 11 07. 73 43 ·99 - ·04 
241 ........... 34 l4 ·58 + ·06 + ·~-1 + '36 - ·()8 - ·02 15·24 30 31 "181 -14 ·06 +· o:i 
GOO .. .. ... 35 51 ' 41 + ·0-1 + ·55 a· ·3; - · ()8 I - · 02 52 · 27 32 0 · 19 H ·O + ·05 

a = +•· 607 
Chronometer correction at 17hOOm= _3m 44•·033±•· 017 
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SESSIONAL PAPER No. 25b 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

Station: Ü'ITAWA. Date, June 23rd, 1904. Observer : F . W. O. WERRY. 

1 - ~ t i: "' 0 ·- ~ 0 0 

' 
0 -&·.g 

Transit i1l := Â Â ] 'ë ., ., 
.<Î 

0 ..; s t: Star. over mean of ce ~ ui ., 
" 

'.B ,,,._ R.A. v. 
" 'O"' oO 

::,. threads. j.1 ;. ~ "' .§ ] "'"' "' 0 s .§ i 0" 8 > ·- ~ 0 J.< 

"' a,Q;>A "' "' ., ., 
6 ô 

\~ 
""1 0 p::; <Il t/1 ---- ---

h. m. "· 
S. 

S. h. m. s. ID, S. S. s. r= - ·14 s. 
F, 182 ............ 1 13 53 55·41 - 06 + ·10 - ·10 + ·07 - ·021 55" 40 13 50 08"45 -3 46·95 - ·03 

ms . . ... .. ...... 14 oo 34·a6 - ·06 + ·15 - ·o:i + '06 - ·01 34·41 56 47 ·49 46'92 - '06 
184... .......... 05 35·98 - · o!J - ·171 - ·21 + '04 - ·04 35 51 14 01 48 ' 40 47·11 + ·13 
458. . . . .. 09 49·88 - ·os + ·os - ·10 + ·04 - ·02 49·35 06 02·~1 46·94 - '04 
185 . ............ 11 35·40 - ·02 + ·19 -·09 +·os - ·02 35 ·49 07 48·52 46'97 - ·01 
18G .. . .......... 14 47"63 - ·os + '17[ - ·09 + ·02 - ·01 47'69 11 oo·so 46·89 - ·09 
188 ............. 16 32·66 - ·01 - ·01 - ·13 + ·02 - ·02 32 51 12 45·53 46 "!)8 ·oo 

\V 191. ..... ·•· . . 27 04 ·H + ·02 +· 16 +· 09 ·oo - ·01 04·40 23 17·40 47·00 +· 02 
192 ..... 31 30·19 + ·02 + ·07 +· 10 - ·02 - ·02 30 '34 27 43 ·27 47·07 +·09 
19-L .... .... .... 40 01 ·55 + ·os + ·11 + ·09 - ·os - ·02 01·73 36 14 '78 46·95 - ·os 
19ti .. ·••· ···· · · 41 48'98 + ·02 + 17 + ·o9 - ·04 - ·01 49·211 38 02·18 47 ·03 +· 05 
197 .... 45 12 ·65 + ·02 + ·15 +· 09 - ·05 - ·02 12·s4 41 25·77 47·07 +· 09 

1198 ........... 54 47·21 + ·10 - '4] + ·s i - ·07 - ·06 47·11 51 00.20 46·91 - ·07 

a= +•· 223 c= -•· 09 
Cbronometer correction at 1411 25m= - 3,n 4G•·983±•· 014 

W '465 ... ..... ... . 15 04 os ·92 + ·06 - ·01 + ·10 + ·07 - ·O'.l 09·12[ 15 00 21'83 -3 47 ·29 + ·os 
201. -········ ·· 15 2G·91 + ·os - ·01 + ·11 + ·04 - ·02 27·1] 11 39"87 ·24 + ·os 
203 ............. 2-1 n ·10 +· 221 + ·05 + ·30 + ·02 - ·05 41·64 20 54 ·47 ·17 - '04 
205 ...... . ...... 27 41·31 + ·os - ·01 + ·11 + ·02 - ·02 41'491 23 54·25 ·24 + ·03 
i206 .. ........ . 31 11·s8 + ·12 ·oo +· 11 + ·01 - ·02 18 10 21 30·80 ·so + ·09 

E 212 .... ...... . 43 21 ·80 + ·11 - ·02 - ·09 - ·01 - ·01 21 ·18 39 34 ·61 · 17 - ·04 
213 .......... ... 45 34"84 + ·13 - ·01 .- ·10 - ·os - ·oi 34' 81 41 47'60 ·21 ·oo t'~ .. .. ... .. 48 14 -47 + ·13 - ·01 - · 10 - ·os - ·02 14'44 44 27 ·29 ·15 - .Oti 
217 . . . ... 511s·2s + ·57 + ·os - ·45 - ·04 - ·07 1s·:12 47 31 ·10 ·22 + ·01 
221 .. ... ..... 16 09 34·10 + ·21 ·oo - ·13 - os - ·o. 34 ·08 16 05 46'89 ·19 - ·02 
222 .......... ... 13 08·58 +· 10 - ·02 - ·09 - ·os - ·01 08 ' 48 09 21 ·34 ·14 - •Oï 

et = -•· 030 c= -•·093 
Chronometer correction at 15" 30"'= - 3°' 47•·210±•· 012 

25b-12 
/ 
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Station: ÛITA\VA, 

Star. 

E 183 ..... ... . 
184 .......... . 
458 . .. .... .. . . . . 
185 . . 
186 ..... . ...... . 
188 . .. . .. .. 

W 191. ......... .. 
192 .... . ....... . 
194 ........... .. 
196 ........... . 
197 .. . ..... .... . 
198 .... ... ... . 

w 199 .... ...... Î 
465 ... ' . . . . . . 
201. ... . ....... 
203 . . . ........ 
205 ........ ... , 
206. . ... . .. . 

E 212 ......... .... 
213 ..... .. .. . 
:ll5 ..... . . . 
217 . . ... . 
222 ....... •· . . .. 

DEPARTMENT OF THE l NTERIOR ix 

5-6 EDWARD VII., A. 1906 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

b. m. s. 
14 00 33·;7 

05 35·71 
09 49 ·35 
11 34·71 
14 47·07 
16 32 ·21 

27 03 "85 
31 30·20 
40 01·39 
41 4 ·72 
45 12 '38 
54 49·27 

Date, June 23rd, 1904. Obser\'er: ÛTTO Kr,OTz. 

B. s. 1 

+ ·041+ ·521 + ·11 - ·5!1 
+· oG + ·2fl 
+· 03 + ·63 
+· 0-1 + •59 
+ ·10 - · 02 

- ·12 + ·55 
- ·22 + ·23 
- ·16 + ·:i8 
- ·n + ·59 
- ·l:l + ·51 
- ·571-l,lî 

t', 

e. 
r =-· 14 s. s. 

+ ·03 + ·061- ·01 
+· 07 +·04-'04 
+ ·031 + ·01 - ·02 
+ ·o3 + ·o3 - ·02 
+ ·03 + ·02 - ·01 
+· 0-! +· 02 -· 02 

- '03 
- ·o3 
- '03 

34 ·41 )3 56 47 '491-3 46"92 + ·05 
35·30 14 01 48'40 ·90 + ·03 
49·75 ou 02 ·91 ·8-1 - ·03 
35".Jl l 07 48 52 '89 + ·02 
47·74 11 oo· 0 ·94 + •0ï 
32 33 12 4r,·53I o - ·oï 

·oo - ·01 , 0.J .21 23 J'i · .J0 ·84 - 03 
- ·01 - ·02 30·15 2ï 43 ·271 < + ·01 
- ·03 -· 02 01 ·53 3614'78 'ï5-·12 

- ·o3 - ·0-1 - ·01 4!J·12 38 02 ·1s ·94 + ·07 
- ·03 - ·05 - ·0? 12·G6 H 25·77 !l + ·02 
-· n -'07- 06 -1; ·09 5100·20 '89+·02 

1 

a= +•· 755 c= +•· 027 
Chronometer correction at 14" 2.'>m= - 3m 4o•· S72±•·013 

15 02 08·65 - ·23 + ·0!l + ·02 + ·07 - ·02 08 "58 14 58 21·1>6 -3 -17·02 - ·o,j 
04 08 ' 70 - · 18 + ·2!) + ·02 + ·07 - ·02 os·sRI 15 00 2) · 3 ·05 - ·02 
15 26·88 -· 20 + ·20 + ·O:l + ·0-1 - ·02 26·92 11 39·117 ·05 - ·02 
2-1 43·30 - '5) - 1 ·2~ + ·05 +· 02 - ·05 -11 ·58 20 54 ·4; ·n + ·0-1 
27 41 z(\ - ·19 + ·27 + ·02 + ·02 - ·02 •11 '30 !!3 54·25 ·05 - ·02 
31 17'98 - .23 + ·os + ·02 + · 01 - 02 17'84 21 3o·so '04 - ·03 

43 21·14 + ·11 + ·521 - ·02 - ·OJ - ·01 21 ·73 39 3-!'lH ·12 + ·05 
45 :!4 ·20 + ·12 + '42 - ·02 - ·03 - 02 34·67 41 -11 ·uo .01 ·oo 
48 13 •Sï +. )3 + ·4u - ·02 - ·03 - ·02 14·33 44 27'29 ·04 - ·03 
61 19 ·91;1 + ·55 - 2 ·1s j - · os - ·0-1 - ·07 1s·14 4ï :n ·10 ·041- ·03 

1G 13 07 ' 9) + ·09 + ·G2 - 02 - ·os - ·01 os·51 1ti (If) 21 ·34 ·17 + ·10 
1 1 

- -
a= +•·834 o= -•·OJG 

Chronometer correction at 15h 30m = _3m -17• ·0,3±•· 010 
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SESSIONAL PAPER No. 25b 

PERSONAL EQUATION. 

TRANSIT OBSERVATIONS. 

station: Û'l"l'AWA. Date, June 24th, 1904. Observer : F. W. O. WERRY 

1 
' -- . . 

.s ~ ij ~-§ 
-o~ g d ~ -25~ 

1 Transit ~:.::. -5 ·;; o 0..3 ;gê 
;;. Star. overmeanof d.J!i d ~ ~,;; R. A. ë o v 
,.. threads. (~ 6-.~ _§ ;§ ~ ~ § ~ 2 t.> 

..§ a,VÇ!. N Ô ~ $ ~.!; ,-, 
o H < 0 0:: <w Ô _, ____ _____ ---------1--

1 h. m. S. 1 s. S. s. r = ~·. 14 S. h. m. s. m. S. 1 S. 

E. 1s2 .. . . . . . . 13 53 58·65 - ·os + ·01 - ·09 + ·o~ - ·02 68·60 13 50 os·44 -3 50·16 - ·10 
183 . ..... _ ... .. . 1 14 oo 37:G9 -:05 +: 10 - :09 +:o~ -: 01 j 37:7~ 66 4HS :22 -:04 
184.. . . . • . . .. . 05 39 18 - 12 - 11 - 21 + Oo - 04 38 7o 14 Ul 48 36 39 + 13 
45ê.. ............ 09 53:22 - :o~ + :0G1 - : 10 + :04 - :02, 53:~~ 06 02 :~n :28 + :o;i 
18ô.. .. . . . ... ... , 11 38 66 - 0~ + 12 - 09 + 03 - 02 38 68 07 48 ol 17 - O.) 
186 . ... .. .... · -· u 51 ·oo - ·01 + ·11 - ·o9 + ·02 - ·01 51·02 11 oo·so ·22 - ·04 

w 192.. . . . .. .. .. .. 31 33·55 - ·os + ·04 + ·10 - ·01 - ·02 33·68 21 43·26 ·32 + ·06 
194...... . . . . . .. 4u 04 ·91 - ·oo + ·o, + ·09 - ·03 - ·02 04 ·9G 36 14·78 ·1s - ·os 
196.......... . . . 41 52 ·3s -· 03 +· n +· 09 -·04 -·01 52·50 38 02·11 ·33 + ·01 
197... ... .. . . . . .. 45 15 9ï - ·03 + ·10 + ·09 - ·05 - ·02. 16·06 41 25'76 ·30 + ·04 
590 .. .. ... - . ... .. 4926·65-·02+ ·J3 + ·o9 -·06- ·02j 26·77 4536 ·38 '39+·13 
1198.. .. .. 1 54 50'50 - 09 -·27 + ·34 -·07 - ·061 50'35 51 00·14 ·21-·05 

a= +•·146 c= -•· oss 
Chronometer correction at l4h 25m = _ 3m 50• ·266±•·016 

w 465 ....... . ..... 15 04 12 ·25 -·ml +· 06 +·n + ·09 - ·02 12 ·47 15 oo 21·s2 -3 50'65 + . 'l6 
201.. . .... 15 30·25 - ·01 + ·04 + ·10 +·01 - ·02 20 ·43 11 39 86 ·57 - ·u2 
467 ......... . . . . 17 24·26 ·oo - ·1s + ·23 + ·06 - ·04 24·33 13 33·s1 ·52 -·07 
202 ...... ..... .. 24 44 ·19 ·oo + ·03 +· 11 + ·04 - ·02 44·35 20 5,!'73 '62 +· 03 
205 ...... ....... 'Xl 44 · 58 ·oo + ·06 + ·10 + ·04 - ·02 44'76 23 54 24 ·52 - ·07 
206 .. . . .... ... 31 21·36 ·oo + ·02 +· n + ·03 - ·02 21·50 27 30·79 ·71 + ·12 

E 212 .. ········ ·· · 43 25·15 + ·07 + ·12 - ·09 ·oo - ·01 25'24 39 34'61 ·63 +·04 
213 .. ········ .. 45 38'15 + ·os + ·09 - ·09 ·oo - ·02 38'21 41 47'60 ·61 + ·02 
215 ........ . . .. . 48 17 '85 + ·os + ·09 - ·09 - ·01 -·02 11·uo 44 '%1·28 '62 + ·03 
217 . ....... 51 22·22 + ·37 - '48 ·- '42 - ·02 - ·01 21·60 47 31·03 ·57 - ·02 
597 . ......... .. .. 16 35 45 ·46 +·06 +·15 - ·09 - ·12 - ·02 45·44 16 31 54'98 ' 46 - '13 
232 .. .. ... ..... 43 29·27 + ·15 + ·03 - ·u - ·H - ·02 29 '18 39 38"58 '60 + 01 

a= +•· 184 c= -•· 087 
Chronometer corl'ection at 15h 40m = - 3m 50' · 589 ± • · 015 

25b-12½ 
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5-6 EDWARD VII., A. 1906 

PERSONAL EQUATION. 

St:i.tion: ÛTTAWA. 

TRANSIT OBSERVATION 

Date, .June 24th, 1904. Observer: ÛTTO KLoTZ. 

.éô 

l 
t 1 i:i 

1 

>. 0 0 .... -
\ -0.., g é " Q.., . Tran~it ~-- - ~~ a-;~ ~ ·.:: 0 0_.; 

Star. over mean of "' ·z .,._ R.A . s '- t'. 
ci. threads. - ::, 0 

::, -~ " -0 ., g8 

1 

... "'"' 8 ~ o-.:: .§ j ... 0~ 0 ;g "' " ., ., p. 
" "' .D g.;; 

1 t3 5 H < 0 ~ < r:11 
---------- ----------s.l- - --- ----,--

h. m. ~- S. s. 8 . 
s. h. m. s. m. s. s. r = - ·14 

E 182 . . . . .. ····· 13 53 53-05 + •lô + ·39 - ·06 . +· 07 -· 02 58·59 13 50 08·44 -3 50 ·15 - ·05 
183 . .. . . _ ...•.. . . 14 of.) 37·02 + ·13 + ·57 - ·06 + ·0G - ·01 37·71 56 47·4 ·23.+·02 
184 ... ..... .... 05 38·(JI + 44 - ·65 - ·13 + ·0fi - ·04 ~-58 14 01 48·36 ·2"2 + ·01 
458 . .. ... ... ·•··· 09 52"58 +· 22 + ·32 - ·oo +· 04 -·02 53·08 0G 02 ·90 ·18 - ·03 
l &L ........ . ... 11 37•9n + ·12 + ·69, - ·01; + ·03 - ·02 38"75 07 48"51\ ·24 + -03 
186 .. . . . .... 14 50·28 +· 14 + ·G5 - ·0G + ·02 - ·01 51·02 n oo·so ·22 + ·01 

w 192 .. ... ... .... 31 33-29 - ·16 + ·25 + •Oï - ·01 - ·02 33-42 27 -13 26 ·rn - ·05 
19-1.. .... .. . .... 40 04 ·59 - ·13 :+- ·42 + ·or; - 03 - ·02 04" 89 3G u ·, ·11 -·10 
19G . . . ..... ... -Il 51·87 - · Q!j + "65 + ·06 - ·0-1 - ·01 52·44 38 02 ·17 ·211 + ·06 
HJï ...... ..... . . -15 15" ;}5 -· u + ·67 + ·0G - ·05 1 

- ·02 
rn·oo1 

il 25·76 ·24 + -03 
198 ...... ....... 54 52·26 - ·47 -1·511 + ·21 - ·07 - "06 50"36 51 oo· 14 ·2"2 + · 01 
199 . ... . . ........ 15 02 11·u2 - ·l!) + ·on + ·o, - ·os

1
- ·02 11 •79 58 21 55 · 2-1 + ·o3 

'tc;=-r-•·8:n c=-'"057 
Chronmneter correction at l4h 2f.im = - 3"' 50,·206±•·011 

W 465 . .. . ...... . 1-i 0-l 11 . 941 
15 30·12 
17 25 281 
24 44 ·02 
27 44·40 
31 21 191 

- ·101 + -30 + ·03 
+ ·04 
+ ·û8 
-'- ·04 
+ ·03 
+ ·04 

-'- "0!1 - ·02 12 ·2,1 
+ 07 - ·02 :m·31 
+·0G -·04 24 ~ 
+ ·04 - ·02 H 11 
+ ·04 - ·02 44 ·fil 
..._ ·o3- ·02121 ·20 

15 oo 21·s21-3 50·421 ·oo 
20l. .. . 
4137 . . 

1

202 . ..... . 
205 ...... . 
206 ...... . 

E 212 .... 43 24-42 
213.. . .. . ... 1 45 37·4(j 

1215. . . . .... · 1 ~8 17. 20 
217. . . . ;,l 23.00 
59ï.. . ... . . . 

1 
rn 35 -1 .. 70 

l:l3L .... .. : .. . Î 43 28 ·681 

- ·n + ·21 
- ·2-1 - ·sG 
- ·12 + ·15 
- ·11 + ·27 
- -13 +· o:, \ 

-1 ·18 + ·541 +·21 + ··H 
+· 21 +· 41 
T -~;3 -2· 2,) 
+ ·13 + -72 
+· 291 +· 12 

- ·03 
- u3 
- ·03 
- · ]5 
- ·03 
- ·04 

·oo - ·01 25·10 
·oo - ·02 ss·ofl 

- ·01 - ·02 1, ·;-G 
·02 - ·01121·4 .. 

- · 12 - ·021 4-'i"::IS 
- ·14 - ·oz 28·89 

ll 39 ·86 ·45 r· 03 
1a 33·81 · -1, . 05 
20 53-73 ·38 - ·04 
23 5-t · 2-1 · 37 - · 05 
'27 30·7!) · -11 - ·01 

39 ;14 'Gl 
41 47 60 
-14 27·28 
-17 31-os 

16 31 54 ·!)8 
39 38 ·58 

-49 + ·07 
·-16 +· ().I 
·4 + ·06 
· 41 - ·01 
"40 - ·02 
•3] -· 11 

c= -•·030 
Cbronometer correction at 15" 40"' = - ::!"' 50'· 426±•·012 
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SESSIONAL PAPER No. 26b 

PERSONAL EQUATION. 

K LOTZ-WERRY. 

Clock Correction. 

Dat!'. K-W 

Klotz. Werry. 

- -----

1!)04. m. S. S. m. $. s. 

Jnne 22 ......................... ... ...... . 
" 22 .... . . .... . ........... . . . .. . . . .. . 
11 23 ...... .......... . ............ . .. ... . 
,, 23 ..................................... .. 
" 24. .... ...... ...... .. . .. . 
" 24........ .. .. . . .... ·- . 

-3 43 "855 ±' 016 -3 43 -993 +· 014 
44 ' 033 ±'017 44'095 +·016 
46 ·872 ±'013 46·9S3 +·014 
47'073 +· 010 47·210 +·012 
50 "206 ::;:- 011 50·266 ±'016 
50"426 ±' 012 50·589 +·015 

S. S. 

\Veigbted mean ............................................. .. . 
Klotz transit west of Weny's ............... . ..... .. .... . . ... . ..... . 

+ ·1]6 ± ·011 
+ ·008 

Klotz anticipatcs Werry ..... .... . . ........ .. ................ .. ... . ·124 ± ·ou 

DIFFERENCE OF LONGITUDE. 

S. 

+· 138 
+ '062 
+ ·111 
+ ·137 
+ '060 
+ ·163 

From the preceding observations and their clock corrections combined with the 
tunes of exchange, we obtain the following di:fferences of longitude between the succes­
sive stations, and subsequent final values. 

The Canadian longitude values are based on the longitude of 

Montreal. . . . . . . . ' 4h. 54m. 18 •634sec,-1- -049sec. 

Ottawa was connected in 1896 with Montreal, the observers, Dr. King and Prof. 
McLeod, exchanging stations and the value obtained 

Ottawa. . . . . . . . . . 5h. 02m, 50 ·022••c·-+- •049sec. 

In 1900 Vancouver was connected by a direct circuit of 3,000 miles with Ottawa. 
The observera, Dr. King and Dr. Klotz, exchanging stations also. 

Vancouver. . . . . . . . 8h. 12m, 28 · 368•cc,-1- ·05osec. 

This last value is the initial one for the Transpacific longitudes 
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D ate. 

----
1903. 

April 15 

DEPARTMENT OF THE INTERIOR be 

Direction. 

DIFFERENCE OF LONGITUDE. 

V ANCOUVER-:FANNING. 

SIO!l:REAL Tn!E. 
a, <l ., 

0 è;.; ·;; 
Difference. 

::, "' -- ., 0 
·~ <Î .::..c: 

Barn- Van- ][ i;::6 
field. 

,;· -couver. ~ 
,.. ., 

E-< 

5-6 EDWARD VII., A. 1~06 

ÜJIRONOMETER 1 
0olUtECTION. Difference 

from -- Barnfield 
Van- Fannjng. Ohronometer. 

couver. 

--------
h. m. h. m. h. m. s. s. l s. s. m. s. h. m. s. 

B. to V ......... 12 13•9sl12 11 ·so - o 02 10 ·5s5 , 1 
V. to lS ....... 12 15 ·5912 13·41 10 ·6; 2 .. .. . ·039 
Mean ... ... ... .. 12 14 ·7912 12 ·61 0 02 10 629 
B. to V ...... . 12 43·70 12 46 ·50 0 02 10·771 
V. toB .... . 12 49 ·90 12 47 ·70 10 · 91 ...... 1 

·056 
Mean .... ... . 12 49 30 12 47 ·10 0 02 lO ·&'U 

General Mean 12 32·05 12 29"85 0 02 10 •730 ·:{51 

* 12 28"51> .. . ..... 0 02 10 ·710 .. .. · · · • · - 4, ·253 .. ..... , . - 0 02 57·963 -
Barn- Fan- 1 

1 

fi eld. :: niug . 

B. to F. . . . . . . . . 12 27 ·40 9 58 ·10/ 2 29 19 -073 
F. to B . . . . . . . . 12 2!1'7010 00·40 19 -771 ·410 ·341 

+ l 15·780 + 2 28 03·642 

Difference of longitude, Vancouver-Fanning ... ......... ... ... . 
h. m. s. 

+ 2 25 05 ·679 

* NoTE. - As explained in the tex t, Bamfield was si mply used as an exchange station and no observa­
tions were made therc. The exchange Bnmfield-Vancouver was O\'er a land line, while Bamfü,ld-Fanning 
was over the cable. The differeuct, of the two exchanges Bamfield-Vancouver, made before and after the 
Fanniag exchange, was reduced to the me:m time of exchange with Fanning by applying the rates of the 
Bamfield and Vancouver cbronometers, the la tter was known from the obserrntions, while the form er was 
obtained from the d ifferential rate, shown by the two excbanges, and the Vancouver rate. 

SIDEREAL TU!E. s 
f~ 

Date. Direction. --- Differenœ . "'0 
> ..c 

Barn-
·;:; 1., 

---1-----
Van- ~~ fi eld . couver. , 

~ 
--

1903. h. m. h. m. J h. rn. s. S. 

April 16 B. to V .. .. 12 12 "7812 10 ·46 0 02 19 ·029 
V. to B .. . .. . . 12 14 5012 12·30 19-13l ..... Mean .. . . . ... 12 13 ·()4 12 11 ·38 o 02 rn ·os1 

IB. toV ... . . 12ii()·5012 48 ·2(' o 02 rn- 211 
V. toB .. 12 51·9412 4!)·62 1!) ·310 ...... 
,Mean ... .. .. 12 51·22112 48 ·91 0 02 l9·2(;1 

U-eneral Mean 12 32 · 4;~ 12 30 15 0 02 19-171 ·286 

1 
12 42 ·33, ...... o 02 rn ·21s .. . . 

Barn- Fan- 1 
fi eld. ning. 

B. to F .. .. ... . . 12 41·2:; 10 11 · 70 2 29 29 ·688 
F. to B .. ... 12 43·40 10 13·!J0 30 -372 ·419 
Mean .... 12 42·33 110 12 ·so 2 29 30 ·030 .... 

1 

Difference of longitude, Vancouver -Fanning . . . . . . . . 

"' 0 -~ 
·~ <Î 
s::S 
,; · -,.. ., 

F--< 
--

s. 

·047 

·046 

··· ·· 

·335 
1 • • . . . . 

ÜHl!ONOMETIŒ 
ÜORl!ECTION. Difference 

frorn -- Bamfi eld 
Vau- Ohronorneter . Fanning. couver. 

--- ----- -----
S. s. h. m. s. 

) 

1 

- 45·624 .. . .. .... - 0 03 04 812 

1 

. . ... . . . + 1 19 ·6221 + 2 28 10·408 

h. m. s. 
~ 2 25 05·566 
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SESSIONAL PAPER No. 25b 

SmEREAL TlllE. 

Date. Direction. Difference. 

ÜHRO~OMETER 
ÜORRECTION . Difference 

from 
--------- Bamfield 

Bam- Vancou) 

~;- ------1 :•l: 1 h ": h m • 
S. 

V ai1cou- Fanning. Chronometer. 
ver. 

----------.-----
s. S. m. s. h. m. S. 

April 1 R. to V . .... 12 13·951211·4010 02 33 ·5'17 
1V. to B... . . . 12 15 ·GO 12 13·1)5 33·677 
Mean . . .. . . .. 12 1-1 ·78 12 12 ·23 0 02 33·627 
B. to V ..... . .. 12-15·8512 43·30 0 02 33·709 
V. to B ........ 12 47 ·1112 44-551 33·801 ·039 
~Iean.... . . . . 12 46·48 12 43 ·93 0 02 33-755 
, General J\lean l12 30 6312 :is·os O 02 33·691 ·2-n 

1 

112 3G·55, ........ 1 O0233 714 

Bam- 1 Fan-
field. •ning. 

-43· 349 ... .. .. 

1 

·I -0 03 17 ·063 

B. to F ....... 12 35 ·5010 o-t·80 2 30 48 3731 
F. to B ........ 12 37·60 10 06 ' 801 49 046 -434 
;\lean ..... ..... 12 36·5510 05·80 2 30 48 '710 ..... . 

'329 
+2 26·102 +!o 28 22·608 

1 1 ---------------------------
h. m. s, 

Difference of longitude, Vancouver-1:<'anning. +2 25 05"545 

1 
Il ., " ÜHRONOlfETll:U 

S!DEREAL TrnE. 1! ~ :i CORllECTION. Dir:i:nce 

Direction. -------- Difference. ;; _g s . --------- B fi ld 
·- r.n a> am e 

Barn- Vancou- ~ a, c 8 Vancou- F . Chronometer. 
field. ver. 

1 

~ o. ~-.;; ver. anmng. 

19~3. 1 1 h. m. h. m. h. m. s. s. s. 1 s. s. 1 h. m. s. 

Apnl 23 B. to V .... .... 12 28·90112 25·70 0 03 11·9121 1 
V. toBI ....... 12 30·3012 27· 10 12·027 ·05i 

. Mean ... .... ... 1229·601226·40 00311·970 
B. to V ........ . 12 50 ·30

1

12 47·10 0 03 12 ·025 
v. to B ........ 12 51-so 12 48 ·6o 11n21..... . ·o-1s 
Mean .. .. .. . 12 '51·0512 47·85_ 0 03 12 •0ï6 

General Mean 12 40 ·3:3112 37' 131 0 03 12 ·023 ·297 

12 40 ·351· .... ... 0 03 12·023 

Barn- Fan-

Date. 

1 

- 34 ·5411.. ....... - 0 G3 46 ·564 

field. ntng. 

B. to F . ....... . 1239·4010 09·80 2 29 37·974 1 
F. to B ....... -- 112 41 :3010 11 I2 38'682 ·3SG ·348 
Mean ......... 12 40 3510 10 ,o 2 29 So·32i( . . . . . . . . . . . . + 46"272 + 2 28 52·05 

h. m. s. 
Ditference of longitude, Vancouver-l◄'anning.. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . + 2 25 o.;·492 

• 
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Date. Direction. 

DEPA.RTMENT OF THE lNTERIOR ix 

SmERRAL TIME. 

Difference. 

Barn- Vancou-
fielcl. ver. 

5-6 EDWARD VII., A. 1906 

CHRONOMETER l 
CoUREOTION. Difference 

from 
Bamfield 

Vancou- Fanning. Chronometer. 
ver. 

- - ---·----!---- ---- ------------- -----!--------
1903. h. m. h. m. h. m. s. s. S. S. s. h. m. s. 

April 26 B. to V ........ 13 05·97 1.3 <,2 ·42 0 03 33·040 
V. to B ........ 13 07-30 03·74 33·137 ...... 
Mean.... . . 13 06·6413 03·08 0 03 33 ·089 
B. to V ....... 13 2!)·50 13 25-94 0 03 33 ·157 
V. to B ....... 13 30 90 27·34 33·228 .... 

·045 

1 ·032 
Mean ......... 13 30·20 13 2!i·64 0 03 33 ·193 

General Mean 13 18 ·4213 14·86 0 03 33·141 '265 

1

13 rn-ol ....... o o3 33 -143 ........... - 29 ·390 .. .. .. .. -o 0-1 02-533 

Bam- Fan-
field. ning. 

B. to F ..... . .. 13 18·0010 47 ·90 2 30 06·793 
F. toB ... ..... ,13 20 -0010 49 ·90 07 ·5l!JI ·331 
Mean ....... ... 13 19-00

1
10 48 ·90 2 30 07·156 .. 

Difference of longitude, Vancou\'er-Fanning ...... 

V ANCOU\'ER-F AN'.'11:<G. 

1903. 

-357 

April 15 .. Difference of longitude. . ....... . . . . . . . . . .. ....... . 
" 16.. . . . . . . . . . . . . .. . . ..... . .. - . 
,. 18 .. . ... _ ......... .. ... .... .... . 
,. 23. . .... ..... .............. ... .. .. 

" 
26 

.. Weighted Krean .... : ::: · ::::::: : : : : : : : :::: :: : : : :: : : . 
P ersonal Equation..... . . . . . . . . . . . . ... ...... ... ..... . . 
Difference of Longitude . . . . . . . . . . . . . 
VancouYer...... . . . . ....... .. . .... ... ... . 
Longitude of Fanning. . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

• 

+59· Ho + 2 29 08 ·016 

h. m. s. 
+ 2 25 05 ·483 

h. m. s. s. 
2 25 05"679± ·019 

5-ws+·orn 
5-545+ 025 
(H92+·010 
5·4113+ ' 015 

2 25 05" 530+ ·021 
- ·12-t-

2 25 05'406+ ·021 
8 12 28'368+·050 

10 37 33"77-l± '05-1 
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F ANNING-SUV A. 

Date. Direction. 

SrnEREAL Tnrn. 

________ ! Difference. 

Suva.. 

CHRONOMETER 
UORHE(,")'lON. 

Fanningl 

Diffm·ence 
of 

Longitude. 
Fanning. Suva. 

--- -----'---·- -------
1903. 1 

June 2, 3

1

-F. to S ..... · [ 
h. m. 
15 -13·5 
15 45·9 
15 44·7 

h. m. 

u 18·0 
14 20·4 
14 ]9·2 

h. m. s. s. s. s. 1 m. s I b. m. s. 

S. to F .. ... . 
Mean ..... 1 

1 25 29·64] 1 1 
_ 30:196 + ·007 ·281 . . . 

1 2o 29 919 ........... - 14 333 -3 28 085

1

1 28 43 671 

3, 4 F. tu S ...... 1 1 25 24·60b 1 
25·13l + ·008 ·269 S. to F .... "I 

1 Mean .... . 

15 4!J·9 
15 51·8 
15 5o·s5 

14 24 ·5 
H 26 ·4 
14 25·45 1 25 u·s10

1 

......... - 12·328 -3 31•132 

1 25,02·034 1 8, 9 F. to S .. ... . 
S. to F ... .. . 

Mean . .. . 

15 56 ·6 
15 58·7 
15 57 ·65 

14 31 ·6 
14 33·7 
14 32·65 

, _ 02: 5851 + · 008 · 280 . . _. 1 
1 25 02 310 . . . . . . . . . . . . 3 691 - 3 10 124 

" 9, lOIF. to S ... . 
S . toJJ' ... . 

Mean .. . . . 

,. 10, 11
1
F. to S ... . . 

1 

15 36·4 
15 3 ·2 
15 37·3 

14 11·4 
14 1.1·2 
14 12 · 3 

1 24 58·5771 
59·157 + ·006 ·293 

1 24 58·8(i7 . . .. . ..... 

1 24 5-HOl i 
54·962 + ·007 ·284 IS. to F .... . 

Mean .... . 

1G 05·5 
H; 07·5 
16 06·5 

]4 40·6 
14 H·6 
14 41 ·6 1 24 54·682 ........... . - 0 926 -3 49 ·954 

15 21 ·5 1 24 34'187 
. toF . ... . 15 24 ·0 34 · 766 + ·00-1 · 291 

" 15, 161F. to S ... . 

Mean .... . 

16 46·1 
16 4S·G 
16 47·35 15 22·75 1 24 34·477 ... .. .. .... + 6'716 - 4 02·519 

1 24 12 ·284 
S.toF ... . 12 '812 + ·00-1 ·266 

,. 21, 221F .• o S .. .. 

Mean . ... . 

16 47 ·1 
1G 48·9 
16 48·0 

15 22·9 
15 24·7 
15 23·8 12412 548 . . .... . .... + 14·836 -4 16'375 

,. 23, 24F. to .. . . 1 24 0-1·826 
05·400 + ·006 ·290 

I
S. to F .... . / 

Mean .... l 
16 59·!) 
17 01 ·7 
17 00·8 

15 35"8 
15 37·6 
15 311'7 1 24 05 ·113 ..... . . ..... + 17'842 - 4 20'767 . 

FANNING-SU,.\. 

Hl03, 
June 2, 3 .. Difference of longitude . . . . . . . . . . . . 

3, 4. . . . . .. ...... .. . 
8, 9.. . .................. . . 
9, 10 .. . ................... . 

" 10, 11.. . ..•.... . .. ......... 
" 15, 16. . . . . . . . . . 
" 21, 22.. .. ........ ............ . 
" 23, 24.. ,, . . . ........ . .. ........ .. . re~_;-~~~(~~::~~.~ . ·. ·. ·_ .. ·_ ·_ ·. ·. ·_ · ... · .. · .. ·. ·_ ·. ·_ ·. ·. ·. · .. ·_ ·_ ·. · .... · .· .. :· ... · . 

Difference of longitude. . . . . . . . . . . . . . . . . . . .. . . 
Fanuing . . . . . . . . . . . . . . . . . . ........ ... . . . . .. • .. • . • • 
Longitude of Su"a . .. . . . . .. . .. . . ................ - . .. 

or ~ast. . . . . . . . . . . . . . . . . . .. . .. . . . 

h. m. s. s. 
1 28 43·671 + ·orn 

43·674+ ·013 
43 ·743 + '0]9 
43 751 +·017 
43·710+ ·014 
43·712+·016 
43-759+ ·0[7 
43 ·722+ ·021 

1 28 43-713+ ·008 
+ ·124-

] 28 43·837+ .oos 
10 37 3;3·774+ ·05-1 
12 ou 17 ·(ill + ·055 
Jl 53 42·38!1± ·055 

43·674 

43·743 

43 "ï51 

43·710 

43·712 

-13 ·759 

43·722 
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SUVA-NORFOLK. 

1 

.; 

Srn1mEAI, 'l'nlE. j "s CHRONOl!ETER 

1 Direction. 
f -~-~ CORRECTION. Difference "' Da.te. -----.--- Difference. Q) ·e -------- of 

1 Norfolk. 
.z cr. Longitude. 

Suva.. o! " Suva.. Norfolk. ol <e 
M 

~ é-< 
------- - ------------ --- ---

1903. h. m. h. m. h. m. S. s. S. S. m. S. m. S. 

Aug. 14N.toS ..... 19 15'7 18 34-2 0 41 28'261 
S . toN ..... 19 17·5 18 36·0 2;-994 

~:~1-- :~3: Mean. .. . 19 16'6 18 35·1 41 28· 128 - 26·307 - 59·614 42 01 ·43 

" J7N.toS ..... 19 09-0 18 27'8 41 09·356 

5 

S. to N . . .. 19 11 ·o 18 29-9 9·000 + ·003 ·149 
Mean ..... 19 10·0 18 28 ' 85 41 09·208 . . ... .. - 31'304 - 1 23 -4;5 !l 0L ·37. 

" 19N.toS ..... 19 14 8 18 33 ·9 40 56'028 
S. to N . . 19 17 ·4 18 36 ·5 55·71>7 +· 011 ·136 

Mean ..... 1!) 16·1 18 35·:J 40 55·898 . . .. . .. . ... - 3-1'307 -1 39-750 01•34 1 

" 22 N. to S .. .. , ,. "I 18 58 ·1 -lu 38 2-1.5 
S. to N . .. .. 19 40 ·7 19 00·1 37 ' 978 +· 006 ·137 

Mu• 

1 

19 39·7 18 ;;9 · 1 40 38 ·112 ..... ..... - 38 ·877 -2 02·145 01 ·38 

" 23N.toS . . 20 03 ·8 19 23-3 40 32 -221 
S. to N .. ... 20 05·7 19 25 ·2 31 ' 95:.. +· 008 · ï39 

Mean .... . 20 0-1·75 l!J 24 · 25 40 32 ·086 ..... . .. ... - 40 ·3771- 209 ·553 01·36 

" 27N. toS .... . 20 14' 5 19 34-4 40 03·871 
·H91 IS . to N ..... 20 16 ' 5 19 36'4 03 ·581 + 009 

Mean .... 20 15 ·5 1() 35 · 4 40 03. 726 •· · . .... - -12 ·931 - 2 40·528 01·3 

0 

2 

23 

----------------------------------------

Sov,1- NoRr'OLK. 
1003. 

Aug. J4 . . Difference of longitude . .... . .. . 
" 17 . . ...... .. 
" 19 .. . . . . . . . . . .. .. . . . . . . . . . . . .. . 
" 22 .. . . . . ... .. . . .. . ..... .. .. .... . . .. 
,, 23.. .. ...... .. . . ...... .. .... .. . .. 
11 27, , Il , , , • ., • . • • • • • , • • , • • 

Weightt>d mea.n .. . ... .. . . . .. . .... ...... .. .. . 
P ersona! equation . . . . . . . . . .. ... .. . . . .. . ... . 
Difference of longitude.. . . . . . .. . . .. . .. .. .. . .. . .... .. 
Su,a . . . . .. . .. . .. . . . .... .. . 
Longitude of Norfolk ..... . . . .. . .... ... ... . 

h. m. s. s. 
0 42 0l ·43ii+ ·ùl, 

01 ·379+ ·01 
0l·3H + ·019 
01 ·3:-0+ ·014 
0l·362+ ·U24 
01 323+ ' 013 

0 -12 01 ·:~67+ ·011 
- ·12-1-

0 42 01 ·243± ·011 
11 53 42 ·389+ ·055 
11 11 4t ·HG± ·055 
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NORFOLK-SOUTHPORT. 

SIDEllEAL Tn.Œ. ÜBRONOMETER 
ÜORLIEC'l'ION. Difference 

Date. Direction. --------1 Differ~nce. ----- of 

Norfolk. / Southport 
1 Longitude. 

Norfolk. Southport 

1903. : li. rn. [ h. rn. h. m. S. S. S. m. s. m . S. 
1 

m. S. 

Oct. 1 N. to S... . 23 21 ·4 22 23-3 
S. to N... 23 23·8 22 25·7 1 

Mean . . . 23 22·6 22 2-1·5 58 gg:~: ~ :010 __ :~~11 _ 
o 58 05-322

1 
l 

27-353 - 23'174 58 01-235 

3 N. to S . .. . 22 54-9 21 57· 0 57 55 -332 
S. to r 22 56·5 21 58·6 55·521 +· 003 

l\Iean .... 22 55-7 21 57·8 57 55"428 .. :~981_ 4.2 '317 - 48 ' 0J 

U IN. to S ... 23 20·0 22 22-4 
S. to N .... 23 21 ·6 22 23 -95 

57 38·3ü3 
3 ·567 + '00/l ·105 

Mean .... 23 20·8 22 23·18 

12 N. to S .... 23 26·7 22 29·2 
S. to 23 2s·12 22 30 ·56 

Mean .... 23 27'41 22 2() ·88 

57 38 ·4fii'i _ .... _ .. .... - 154·65!l l-2 17-430 

57 33 ·158 
33'362 + ·003 '104 

57 33'260 . ... . .... . - 2 01·1121- 2 29·084 

16 N. to S .... 23 34 5 22 37-3 57 13 ·983 
S.toN .. .. 23 35-9 22 38·7 14. ' 165 + 006 ·094 

Mei\n .... 23 35 -2 22 38 ·0 57 14· 074 . . . . . . - 2 27 ·886i - 3 15 089 

N OllFOLK-Sot,THPORT. 
1903. 

Oct. 1. .Difference of longitude ... .... .............. . .......... . 
3 .. 

11 ' 
12 .. 
16 Il • • · • •· •• • 

'iVeighted Mean . . . . . . . . . . . . . . ............ . . . .. . .. . 
P ersona! Equation . ... ... . .... . .. . . .. . . . . . . . . . 
Difference of Longitude ....... . 
Norfolk..... . ... .. ........ .. . 
Longitude of Southport . .... . 

h. 111. 8. S. 

o 58 m -235+ ·01e 
'194+ ·019 
·236+ ·013 
-232+·014 
·2n+ -013 

o 58 01 ·240+ ·oos 
+ ·124-

0 58 01 ·ë64+·oos 
1111 41 '14(j+·056 
10 13 39 ·782± ·056 

01 ·194 

01-236 

01·232 

01 ·277 
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SOUTHPORT-SYDNEY. 

S101rnEAJ, TnLE. f,i § ÜHRONOillETER PERSONAL 1 0 .,; 
f ·ijj CORRECTION. EQUATIOK. 0 1; 

Da.te. Direction.----- I>ifference. ~ "§ . ---- ----- g.r,, 
1 -~ ,,, <> e" 

Soutl,- S d ~ .: S South- "' d K R K L 1 ~ 0 
port. y ney. ~ ~+l port. ..,y ney. - - i:(' 

1903. --- - ~ -;-:-lb. m~ -s-. - --s-. -,-;-~,--,-s-. - --s-. -]~:-
Sept. 291 y. to S . . 22 49·4 122 -10 ·6 ·o 08 50·208 - ·041 ·1-12 §.!: 1 1 

Oct. 

'. to Sy .. 22 4-1·0 22 35·2 49·883 -~al 
. Mean .. 22 46·7 22 37·9 8 50·0-16 .. ... · ..... + o·-185 '-"O - ·0l'l,8 50·513 

2 Sy. to S .. 22 40·2 2"2 30·8 
IS. to Sy .. 22 35·6 22 26·2 

Mean .. 22 87·!) 22 28·5 

3 Sy. to S .. 22 52·42 22 42 ·76 
S. to Sy .. 22 47:-35 22 38·20:l 

Men-n .. 22 50-14 22 40·4 

9 25 ·8871 - -050 
25"563 

9 25-725 ... 

9 39'1581 - ·042 
38·824 

!J 38·!)91. 

10 11 ·567 - ·0Gl 
11-254 

·137 

·u6 

·126 

5.3 

1 
'-'" ..,..e 

35·181 g,,, 
ô·-
J§;:? 
·~ d 

+ ·06ï. 

1+ ·067 __ . 

6 Sy. to S .. 23 11·1123 00 -951 
S. toSy .. 2:-1 03·fl0?.2 52 ·80 

Mean .. 23 07 ·06 22 56·87 10 11 ·-110 .... 

- 48"5061 ] of 
§:~--; 
d~ g 
è~f .... - 1 20-ws o :- -01sl 

7 Sy. to S .. 23 11-0 23 oo ·64 
S. to Sy .. 23 05·6 22 55-24 

Mean .. 23 08 ·3 22 57·!)4 

10 22·H1 - ·04J ·145 
21 811 

10 21'!_176 . . . .. . . . .. - 1 31 · 6-13 

ssy. toS. 2322·152311·60 10 33·s21-·o-1s · 111 

~-~ .... o,... 
~ ;:,,"" 

..0 - " O·É § 
>i ,..::: 
J> 0 0 .:=" 

+ ·067 . . .... 

l\Iean .. 23 19 ·52 23 0S·!JG 10 33·657 .... . 
S. to Sy. -123 16· 88 23 06 · 32 33 ·492 

- 1 -13'281 1 I+ ·0fi7 · • ··· 

80G'l'IIPOllT- 8YDXEY. 
l!J03. 

Sept. 29 .. Diffen,nce of longitude ...... . 
Oct. 2 .. 

3 . 
6 .. 
7 . 
8,, Il •• • • • , • , • •. • , , • • • • • • • • • • • • • 

\Y eigbtecl "lean . .. .. . . . . .. . .. . .. . .. .. .. . . . . .. .. . . . .. 
South port ........ .. .. . ...............•..... 
Longitude of 1:-iydney .. .- . . . . .... . . ... .... . 

h. m. s. s. 
o os 50·513+ ·o2!J 

·rm+ 024 
·5:;2:E ·orn 
·4-1-1+ 016 
-500+ ·013 
·443+ ·013 

o 08 ;;o ·-19,;+ ·orn 
10 1~ 39 -; s2+ · o56 
10 0-! 49 287± ·058 

50 ·611 

50-552 

50· 4-14 

50·500 

50-443 
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SOUTHPORT-BRISBANE. 
- -

Da 

1 
1 1 

1 

1 S1m:REAL Tmx. $ , .§ 
ÜHRONOMETEH 

ce CORRECTION. ... "' D ifference 00 

te. Direction. ----·- - Difference. Q) 

-~.; -------- of 

1 

;. 
·.;, Longitude. South-

Brisbane. , 
ce 

1 ~-] 
South-

port. Q) port. Brisbane. 
1 ~ H 

- ----- --------- -
03. 

1 
rn 

kep t. 29 S. to B .... 
B. to S .... 

h. m. 

21 57·63 
22 02·10 

1 
m. s. S. m . 8. 

21 55-33 0 02 18"6071 
neg. 

b. m. 1 h. m. ~- : s. 1 s. 

21 5n·80 ' 18·6o!l l- ·031 
Mean . .. . 21 5!l ·S7 21 57·57 2 18·608 . .......... + t OOB . 

·805 -H5 ·726 1 33 "688 

Oct 22 07·60 22 04·6H 2 55·6!)9 1 
B. to S .... 22 09·30 22 06'40 55 -7151 ·ou ·ooo 

Mean .... 22 os·-15 22 05 -53 2 55 ·707 .... ..... - 34 '882 +47·207 

22 oH ·3o/ 
1 

3 S. to B .. .. 22 05"15 
22 10 ·33 22 07 ·15 9 ·763 -· 016 ·007 

3 09 -733 1 
IB. to S .. 

l>lPan ... . 22 0!) ·32 22 06 ·15 3 09·7481 .. .... .. . - 48" 176 + 47 ·9G3 

22 20'40 22 ](j·70 3 44·7n6 , 
B.toS .. .. 22 25·78 22 22·03 44 '8:t!l - ·035 ·ooo 

l :;_ to B .... 

M ean ... . 22 23-09 22 19 -37 3 44 ' 813 . . . ... - 1 20 ·656 + 50" 637 

22 33 · 86 22 2!)·92 3 5G·39G 
B. to S .... 22 36·60 22 32 70 5fl · 431 - ·019 ·008 •r to B .. .. 

M ean . . . . 22 35-23 22 31 ·Rl 3 56 "414 ...... . . .. . . - 1 31 ' 328i + 51"50-1 

SouTHP0HT-BHISBANE. 
1903. 

September 29 . . Difference of long itude ... ........ .. ..... . .... . . . . . . 
October 2 . . ,. . . . . . . . . . . . . . . . . . . . . . . ... . 

3.. .. .... . .... ........ . 
f; .. 

/,. Il •••• • • • • •••• •••• • •••• •• •• 

W eigb ted M ean . . . . .... . . .. . ... .... . .... . ...... . 
P ersona! Equation . . . . . . . . . . . . . . . . . . . . . .. ... .. . . . . 
Difference of Longitude... . . . . . . . . . . . . . . . . . . . 
Soutbport . . .. .. .. .... ..... .. ... . .. . . _ .... . 
Longitude of Brisbane. .. .. . . . . . . . . . . . . • . . . . . . . . .. 

b. m. s. s. 
0 01 33" 688 + ·018 

'618+ ·015 
·60!l+ ·0l3 
-520+ ·011 
· f>82+ 013 

0 01 33 ·585+ ·018 
+ ·15R+ ·0.J4 

0 0133" 738± ·047 
10 13 39 ·782+ ·056 
10 12 0G ·044± ·073 

33·6 

33 ·609 

33- 520 

33 ·582 
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NORFOLK-DOUBTLESS BAY. 

8IDER};aL T!ME. 

ix 

6-6 EDWAR[? VII., A. 1906 

CHRONOMETER 
CORl<ECTION. 

Date . Direction. Difference. 
Difference 

of 
Longitude. 

--- ---.-
1903. 

Dec. 5 N. toD.B . . 
D.R to N 

IDoubtless Norfolk. 
Bay. 

1 
h. m. h. m. 

2 23·7 2 Ot ·5 
2 25 ·4 2 03 2 

M ean .... , 2 2.J.·55 2 02 ·35 

2 34·!) 2 12 ·3 9 N. to D.B .. 
D.B. to K .. 2 3r;·4 2 13·:; 

Mean .... 2 3ii'65 2 13 05 

10 N. toD.B . 2 35 ·1 2 12 ·4 
! 

D.B. to N .. 2 3(j · (; 2 13-9 
Mean ... . 2 :15 ·85 2 13 · 15 

1 

11 N. to U.B . . 2 55·5 2 32·7 1 
D.B. to :\' .. 2 57 J 2 34·3 

Mean .... 2 56·3 2 33·5 

17N.to D.R .. 3 15'8 2 52 "5 
D.B. to N .. 3 lï ·3 2 5.J. 0 • I 

M ean . .. 3 l(l ·;j3 2 53 ·25 

Doubtless N f 1k 
Bay. or o ·. 

----------- ----- ----
h. m. S. s. S. m. S . m. s. m. s. 

0 22 ]4'386 
14'255 -· 00-1 '067 

22 14·32l . .... . .. .. - lï '3-l2 - 1 ·073 22 15 ' 052 

22 37 '132 
1 37·027 - ·005 ·055 

22 37-oso .. , .. _. ... - 1 06·.J.60 - 4.J. ·527 15·147 

22 42'160 

51 ' 2151 
42·101 - ·OO.J. ·032 

22 42· 131 .... 1 . . . . . . - 118 ' 274 - 15 -072 

22 47 -251 
47· 131 - ·oo5 ·062 

22 47 · l!lll ........... - 1 29'662 - 57-545 15·074 

23 18'124 
18 ·018 - ·002 ·05.J. 

23 18·071 1 •• ... - 2 39·513 - l 36·667 15'225 

18 N. to D.B 3 12·-t 2 49 ·0 23 21 '872
1 

1 

0681 1 D.B. to N .. 3 13 '8 2 50 ·4 21 ' ï38 - ·003 
Mean .... 3 13 '1 2 49 ·7 2:3 21 · 05: . .. .. 1 .. . 1 - 2 50. 020 - 1 43. 4-13 15 ' 2'28 

NOlffOLK- DOUBTLE~S BAY. 

1903. 
December 5 .. Difference of longitude 

!l . 
10 .. 
11 
17 : 
18 .. " 

W eightecl Mean . 
P ersona! Equation. . . . . . ....... . . 
Diffnence of Longitncle .. . .. ..... ..... .. . 
N orfolk ......... .. 
Longitude of Doubtless Bay 

h. Ill. S. s. 
o 22 15 -052+ ·o~o 

·147+·020 
·072+ ·014 
·074+·015 
·:t25+ ·020 
·22s+·o11 

o 22 15 ·124+ •0:n 
- ·124-

0 22 15 ·000+ ·021 
11 11 41 ' 146+ ·036 
Jl 33 56 · 146± ·060 

• 
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DOUBTLESS BAY-WELLINGTON. 

SmEHEAl, TrnE. ~-~ 5 ÜÜHRONOMETER [
1 . - -~ ORREO'flON. DifferenC'e 

Difft,rence. g; ·s. ------- of 
\ Velling· Douùtless 

ton. Bay. ~ ~., ton. Bay. 
j ;..§ 1 Welling- Doubtless Longitude 

--- ----------· ---- ---- ---1----
1903. 

De~. 

h. m. i h. m. h. m. S. 
1 

s. S. 

G W. to D.B .. , 3 20·67 3 15'96 0 04 42'655 + ·3-17 ·019 
D.B. to W .. 2 44·47 2 39•74 4;{·039 

Mean .. .. 3 02'fi7 2 57 '851 4 42-sn l .. . ... .... .. 

7 W. toD.B .. \ 3 27·24 3 22·77 4 2s·o59 j+ ·o9H ·ois 
D.B. to W .. 3 16'17 3 11 ·70 28 · llll 

Mean .... 3 21·70 3 11·231 4 28'1251 .... 
1 

11 W. to D .B .. 3 31'661 3 28·02 3 38· 1G7 + ·076 '026 
D.B. to W . . 3 23 39 3 19'76 38·296 

Mean ..... 3 27-531 3 23'89 3 38'232, 

12 \V. to D.B .. 3 n ·12 3 38'32 3 21 ·1421 
D.B. toW .. 4 ûl•58 3 58· ]8 i4·011< + · 171 '024 

1\Iean ..... 3 1'>1'651 3 <18·25 3 21 ·oso ... ...... 

17 W. to D.B . . 4 05·701 4 03·27 2 25-7201 + ·14-1 ·on 
D.B. to W .. 4 26 '16 

4 " 731 
2iHl59 

l\lean ..... 4 15 ' !13 4 13'50 2 25 "6\J°I".... . ..... 

18 W. to D.B .. 3 52· 5 3 50'61 2 14·36,S a O 31- 011 D.B. to W .. 3 42 ·201 3 •39-951 1·1'428 
Mean .... 3 47·53 3 45 28 2 J4·3!J71 ............ 

1 

DOU13'l'LESS B.~ Y- \V ELLl:-IGTON. 

Dec. 6 .. üifference of longitude . .... . .......... . . . . 
Il 7 .. 
" 11 . . 
" 12 .. 
" 17 . 
Il 18,, 11 

\Veighted mean. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
P~rsonal equation ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . 
Differencc of lougitude . . . . . . . ......... . . . ..•....... _ . 
DoubtlPss Bay.. . . . . . . . . . . . . . . . . ..... , .... .. . .. .. . . . . 
Wellington . . . . . . . . . . . . . . . . . . . . . ....... . . 

::. m. S. m. s. 

-5' 189 -31'5731 5 09'231 

1 
- 3·1801 - 44 255 

1 
+ 1 ·119 -1 20·sui 
+ 3·530 - 1 H·546 

+ 3·702 - 2 39·818 

1 
+ 4'582 -2 üo ·220 

h. m. s. s. 
0 05 09"231 + ·027 

·200+ ·01s 
·225+ ·032 
'1!56+ ·021 
·i10+ ·032 
' lfl\1+·020 

0 05 09·1!18+·007 
- ·257+ ·045 

o G5 08 ·941+ ·015 
u :13 56·14G+·or.o 
11 39 05'ü87± ·075 

09'200 

09'225 

09' 156 

0!1'210 

09·199 
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CLOSING ERRORS. 

Fanning.-Reducing the longitude given on Admiralty Chart 2971, for ' Observa­
tion Spot' at English Harbour, by scaling to that of the observatory we obtain for 
the latter:-

159° 23' 27" 
The Canadian value is .. . 159° 23' 26" ·61 

that is, the values arë practically identical, which speaks volumes for the accuracy of 
the hydrographie survey, which is principally dependent upon the transport of chrono­
meters for the determination of longitude. 

Captain Fanning writes, p. 225, in the work cited, ' These islands are situate in 
latitude 3° 51' 30" north, longitude 159° 12' 30" west.' The description is rather 
vague, but the position in longitude by a trading vessel, as Fanning's was, is pret ty 
good for the year 1798. 

Suva.-On Admiralty Chart 1660 of Suva Harbour, the longitude of ' Observa­
tion Spot,' sou th end of W alou bridge, is given as 178° 26' 00'' E.; t he observa tory 
at the Cable station is 14" ·21 west thereof, so that the longitude of the latter, based 
on the former becomes :-

1780 25' '45" ·79 E. 
The Canadian value is 178° 25' 35"·84 

Di:fference ... 9" ·95 = ·663••c. or 960 feet = 320 yards. 
It may be interesting here to quote a paragraph of the opening address by the 

late Rear-Admiral, Sir W. J. L. Wharton, president of Section E ., Geography, at the 
British Association meeting in South Africa last August. After speaking of the great 
merit of the sextant and chronometer for the determination of longitude at sea, he 
says: 'To give an idea of the comparative accuracy of the chronometer (transport of) 
method, I may mention that in taking at hazard eleven places distributed all over the 
world at great distances from England, the longitudes of which have been recently 
determined by mcans of the electric telegraph and elaborate series of ob ervations, l 
fi.nd that the average difference between the chronometer and the telegraphic positions is 
700 yards.'-So that the accordance at Suva is quite satisfactory. 

Norfolk.-On Admiralty Chart 1110, 'Norfolk and Philip Islands' the longitude 
of 'Observation Spot' at the foot of Boat Harbour, Sydney Bay, is given as 167° 58' 
06". Reducing this to the position, by scaling from the chart, of the observàtory at 
the Cable station, Anson Bay, at the northwestern part of the island we obtain for 
the longitude bf the observatory :- · 

The Canadian value is .. 
167° 
167° 

55' 
55' 

47" 
17" ·19 

Di:fference .. . . . . . . . . . . . 29" · 1 = 1 .99sec. 
This is undoubtedly a large di:fference. The Admiralty determination is an old 

one, having been made by Captain Denham, R.N., in 1855, and measured through Lord 
Howe island from Garden island, Sydney, the latter being then not well determined. 

Southport.-Southport, Queensland, is undoubtedly of the three Australian longi­
tudes obtaincd by the Canadian connection, the best determined. In the first place 
the otber two tl.ustraliau stations-Sydney and Brisbane-are dependcnt upon it, and 
hencc 111ust nccessarily haYe lcss weight, being an additional link in the chain; in 
the next place the persona! equatiou is more thoroughly and satisfactorily eliminated 
for Southport than for the other two stations. As already stated the number of sta­
tions acros- the Pacifie is an odd number-five-and as the obsen·ers occupied alter­
natc stations from Vancouver to Southport, the personal equation cven a an unknown 
quantit;s,·, \l'hich it is not, disappears in ·the Yalue for South port. And furthcrmore, 
the longitude "·ork up to Southport (and D oubtless Bay also) was homogeneous in 
ernr_y respect. the instruments, apparatus, methods of the two observers were iclentical, 
so that the value for Southport deserves a priori a high degree of confidence. 
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There is however, no value for Southport, based by triangulation on the Bris­
bane longitude, available for comparison with the Canadian value. A comparison 
with Australian values we obtain, however, at Sydney and at Brisbane. 

Sydney.-We have for Sydney, six independent determinations for difference of 
longitude with Southport, together with observations for personal equation between 
the observers, Mr. Lenehan and 1.1r. Raymond at Sydney, and Dr. Klotz at Southport. 

In the following table is given the comparison between thej longitude of. Sydne;r 
as brought from Madras and Singapore and that via Canada and the British Pacifie 
Cable. 

In the reduction (1885) o.f the Australian longitudes, the longitude of Madras was 
accepted as :-

5h. 20m• 59s ·4.2,* 
and the derived value of Sydney was :-

1011· 04m. 49" ·54. 
In making the comparison, the best and most recent available data are utilized for 

the longitude of Madras. The values for the various links or arcs between Madras 
and Sydney have not been re-determined since 1882-84, so that they will be adopted 
now as then. 

For arriving at the longitude of Madras, we have the following data:-

A rc. 
D ifference P robable . 

1 

of Error. Authori ty. 
Longitude. 

- -------------··-- -· --------- - -------
h. m. s. s. 

Greenwich-Potsdam ...... . ... . . ... . . . .. . 0 52 16 · 051 + · 0030 P rof essor Albrecht. 1 

2 33 24·228 + ·0068 Major Bnrrard. 2 

0 02 21· 443 + ·0083 
P otsdam-'l'ehran ................ . .. . 

B u hire-Karacb i . . . . . . . . . . . . . .. . . . . . . · 
Karachi-Bombay ... . . . . . . . . . . . . . . . 

'l'ehrnn- Bushire . .. . . . . . . . . ... 

1 
Bombay-Bolarum.. .. . . .. .............. .. . 
Bolarnm-Madras.................... . . ,, 1 

l 04 44·787 + ·0073 
0 23 12· 196 + ·0129 
0 22 48·801 + ·OOfil 
o 06 54 ·615 =t ·oos5 

Station. Lq111,ri tude 
East. 

--------------------·-------·--
h. m. 

P otsda,n . . . . . . . . . . . . . . . . . . . . . . . . . ........... . ........... . . . 0 62 
'l'ebran.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ...... . . 3 25 
Bushire . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . ...... . .. . .... . 3 23 
Karach i .. . . . . . .. . ....... . .... : . . ..... . .. . . . ............ . ......... . 4 28 

t:~!K1:::: : : ·.:: : : : : : . : : ·. ·.: : : : : : : : . : : : : : : : : : . : : ... : : : : : : : ·. : : : : : : : . : : : : 4 61 
5 14 

·Madras . .......... .. ... .. ..... .. ............... . ......... . ... .. 5 20 

* Rep?r t on the 'l'elegraphic Deteqn ination of Australian longitudes, 1886, p. 31. 
1 Be3t1mmung der Liingencli fferenz P otsdam-Greenwich, 1903. 
2 Great T'rigonometrical Survey of I ncl ia, Vol. :XVII, p. X I V. 

25b-13 

S. 

16·051 
40 ·279 
18·836 
03·623 
15·819 
04·620 
59·235 

Probable 
Errpr. 

---
S. 

+ ·0030 
± ·00ï4 
+ ·0111 
± ·0t33 
± ·0185 
± ·0195 
± ·0213 



194 DEPA.RTMENT OF THE I NTERIOR ix 

5-6 EDWARD VII., A. 1906 

Applying now the published values for the arcs between Madras and Sydney, we 
obtain the following series :-

Arc. 
Difference 

of 
L ongitude. 

tP,obable 
E rror. Authority. 

------------ -------- ----1--------- - -------

Madras . ... ..... . .. .. .. ..•.. . . .•....... . ..... 
Madras-Singapore. . ... ............. ... . ..... . 
Singapore-Flagstaff.. . . . . . . . . . . . . .......... . 
Flagstaff- Capt. Darwin's Station.. . . . . . . . . .. . 
Capt. Darwin " Station.. . . . . . . . . . . . . . . . . . . . .. . 
Darwin's Station- Port Darwin .... : .. .. •.. ... . 
Port Darwin.. . . . . . . . . . . . . . . . . . . . . . . . . 
Port Darwin - Adelaide. . ........ . 
Adelaide . ... . . ... .. ... ....... . ... . . ..... . 
Adela.ide-Melbourne. . . .... . . ... . . .. . . . . . ... . 
Melbourne ..... .. . . . . .. ... .• ... . . . .•.. ... ..... . 
Melbourne-Sydney . . . . . . . . . . • . . . . . . . . . .. . 
Sydney . ......... . . .. . ... . . ...... . . ... .. . . . . .. . 

Canadian value .. . ... . . . ..•...... ...•. . . . 
*"Difference. . . . . .... . . . . . . . ..... .. ... . .. . . 

h. m. S. 

5 20 59-235 
1 34 25 ·58 

-0 00 01 ·50 
+o 00 01 ·51 

6 55 24 "825 
1 47 5, ·4i; 
8 43 22·305 
0 30 57 ·s1 
!) li 20·115 
0 25 33 ·84 
!) 39 53-955 
0 24 55·40 

10 04 49 -355 
10 04 49 · 287 

·oos 
= l".02 
= 1 feet. 

s. 

+ ·0213 
± ·0270 Davis and Norris (U.S. 

+ ·0344 
+ ·0310 
+·0463 + ·0277 
+ ·0540 
+ ·0337 + ·0636 + ·0614 
+·088-1 
±· 058 

Navy). * 

t T~e probable errors given for difference of longitude are taken from Appendix, Table I, p. 23 of P. 
Baracch1 's report 'On the most P robable Value and Errurs of Au tralian Longitudes,' 1895. 

* 1'elegraphic Determinati0n of Longitude in the East Tndies, China and J apan, 1 1- 2. 
** Since theaboveresult wasobtained, Astronomische 'achrichten, No. 3993, bas ap~ared, containing 

'Ausgleichung des Zentraleuropii.ischen L angennetzes' by Prof essor Th. Albrecht. '[ he adjustment of 
the net involved 176 differences of Jon!!-'itnrle between 79 station,. In the final vaines Potsdam is given as 
52m 16'·062 ± •·0135 for the sa.me meridian as given in the above table as 52m 16'·051±•·003. That is, the 
adjusted longitude of Potsdam is greater than the direct measure of l'rof. Albrecht and Mr. \Vanach in 
l!l03 by •·011. If we adopt the adjusted value for P otsdam, the longitude of Madras will be increased by 
•·011, that is, becomes fih 20m 59"·246, and similarly that of Sydney, lOh 04"' 49"·366. Differing [rom the 
Oauadian value by •·079. 

In the above-mentioned Astron. Na.ch. pp. 153-154, a re gi ven the results of the 1902 crunpa,gn for the arc 
G reenwich-Paris. The two Greenwich observe1-s (with exchangu of stations fo r eliminating persona! equa­
tion ) obtained the vaine of 9m 20·976"'"±·011••• in the spring, and iu the autumn 9m 20·911""'±·00.V,C, 
giving a difference of ·065ee• between the two independent determinations. Similarly the French observers 
obtained the values of 9'" 20·9fl2"'" and 9m 21·029--""", showing a difference of ·097""'. 

That is, the first girdle of the world closed within 84 feet. Apparently the weak­
est link in the girdle is the arc, Madras-Singapore, since no observations for persona! 
equation were made at the time by Lieut. Commander C. H . Davis and Lient. S. A. 
N orris, the observers respectively at Madras and Singapore. 

However in the United States N avy Report quoted, Lieut. Commander F. M. 
Green says, p. 18, ' By means of the repeated use of the personal equation machine of 
Professor Eastman, at the N aval Observatory, it was found that the habitua} errors 
of the observers engaged in this measurement had ail the same sign; that is, they 
habitually observed the transit of a star a few hundredths of a second after its occur­
rence, but their respective differences were so small that it seemed evident that to 
introduce results so minute as corrections would not increase the trustworthiness of 
the result.' 

Thi is important testimony and written at the time with reference to the Madras­
Sin gapore arc. If it does not wholly dispose of the differential personal equation 
in,olrnd, it gives assurance of its very small magnitude. 

In hlr. Barrachi's report quoted, he is slightly in error when speaking of the above 
arc; he snys: 'Their persona} equation was continuously tested by absolute persona! 
equation instruments, each observer being provided with one.' 

The differencc of longitude ~fadras-Singapore as determined by Davis and 
N orris was, aftcr due consideration and <l i, cus ion, accepted by the Australian astrono­
mers-Ellcry, Todd and Russell-for the determination of Australian longitudes. 
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Brisbane.-The position of the observatory here is given in the Nautical Almanac 
as lQh, 12m, 06 -4osec. The derivation of this value becomes apparent from the following 
extract from the 1:1..nnual Report of the Department of Public Lands for the year 
1891, Queensland. 

Under sub-division ' Trigonometrical Survey' the Surveyor General under date of 
April 8, 1892, p. 10, says: ' Additional care was bestowed upon the determination oÎ 
Burketown, as opportunity was taken there, with the kind permission of Mr. Russell, 
the Government Astronomer of New South Wales, of bringing Sydney Observatory 
into the telegraphic circuit, and of thus determining, not only the longitude of Burke­
town, but the difference of longitude between Sydney and Brisbane, both by direct 
and indirect means. The results so obtained, together with a previous determination 
made in 1884, and a subsequent one in ,the present year, have been investigated both 
by Mr. Russell and ourselves, and are as follows :-

1884 .. 
1891 .. 
1891 .. 
1892 . . 

m. S. 

7 16 ·81 diff. Brisbane-Sydney. 
7 16 ·87 
7 16 ·88 
7 16 ·88 

' Considering that different observers and different methods were employed upon 
these determinations, the resulting mean of 7ID· 16 ·86••c. must be looked upon as pos­
sessing a very high degree of accuracy, and as Brisbane is on the initial meridian from 
which all our differences of longitude have been reckoned, the result is very gratifying. 
Assuming the longitude of Sydney Observatory to be lQh, 4m. 49 .54sec., and the differ­
ence of longitude between Sydney and Brisbane observations to be 7ID· 16 ·86•ec., the 
resulting longitude of Brisbane Observutory is lQh, 12m, 6 ·4osec. ' 

Through the longitude determinations of Professor Albrecht and Major Burrard, 
Madras has suffered a correction of - ·185•tc., as already shown. Hence the value 
of Brisbane, dependent upon Madras and Sydney becomes :-

1011· 12m, 065 ·215 
The Canadian value is 1011· 12m, 06• ·044 

Difference . ... s ·171 = &" ·565.::: 231 feet. 

Taking the Canadian values for Sydney and Brisbane we fi.nd the difference of 
longitude between these two places:-

While the Australian value is .. 

Difference.. . . . . . . . . 

7m, 16• ·757 
7m. 168 ·86 

"·103 

It must be remarked that the above comparison is nqt quite as satisfactory as 
desired, on account of the value of the differential personal equation obtained three 
weeks after the longitude campaigu. 

Mr. T. D. Fraser laboure<l considerably under a mental and physical strain, on 
account of very serious illness iu his family during the observations. He obtained 
little rest during the 24 hours for several weeks, and was conscious when observing 
that he was not in normal condition. H e gave little weight to his observatio.ns at 
Southport, although when computed the probable error of the time determination was 
satisfactory, ± -014sec., the same as that for his Brisbane observations. 

A chain of triangles extends southward from Brisbane to the vicinity of South­
port, some fi.fty miles, so that it will be easy to effect a geocletic connection between 
the observation stations at Brisbane and Southport, and free from any uncertainty in 
the differential personal equation. 

Doubtless' Bay.-The connection between the observatory at the Cable ~station and 
the trigonometrical survey of New Zealand was made by Government Surveyor Vin-
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cent J. Blake, under instructions· of the Snrveyor General. The triangulation was 
extended from Station 20 on the west side of the mouth of Mangonui river westward 
about two and a half miles to Station A (the magnetic station), and thence to the near­
by observatory. 

The geographic position of station 20 was fmnished by 11Ir. J. W. A. Marchant, 
Surveyor General. 

We have then:­
Longitude Station 20 . . 
Station 20-Sta. A .. . 
Station A . . ..... . 
Sta. A-Observa tory .. 
Observatory ..... . . . 

Canadian value is .... 

Difference. . . . 

173° 31' 37" ·1 
- 2' 

173° 29' 
24"·1 
13"·0 

3"·66 
173° 29' 09" ·34 

= llh. 33m. 56 ·623••0• 

llh• 33m. 56 ·146sec. 

.477sec. = 7" ·15 = 595 feet. 

It may be remarked that the position of Station 20 is dependent upon the initial 
station, Mt. Cook at Wellington, through a chain of triangles about seven hundred 
miles long. From the roughness of the country it was expedient to carry on a network 
of triangulation for land survey and settlement purposes, and the refinements of a 
primary triangulation were not aimed at. 

In the closing for W e1lington it will be found that the difference is ·038sec· or 
"·57, and of the same sign as the above, making thereby the difference between the 
telegraphic deterrnination Wellington-Doubtless Bay, and the one obtained by tri­
angulation -439sec., equivalent to 549 feet at the latitude of Doubtless Bay. 

What was said with reference to Southport of the relative value of the longitude 
determinat.ion there, is equally applicable to Doubtless Bay, as the latter station 
occupies the same position in the series of stations with reference to persona} equation 
as does the former. 

TV ellington.-The derivation of the value for the longitude of the Wellington 
Gbservatory has already been shown as:-

11 h. 39m. 05 ·31 sec. 

This requires the correction of-· ·185••0
·, the sarne as applied to Sydney for the adopted 

value of Madras, dependent upon the work of Prof. Albrecht and :Major Burrard. 
W e have then for the value of Wellington via Madras and Sydney:-

11 b· 39m. 05 ·125•ec, 
Canadian value is. . . . . . llh· 39m. 05 ·087sec. 

Difference. . . ... ·03 sec, = ,, · 57 

It will be noticed that the difference between the closing at Sydney and at Well­
ington is ·03o•cc., the Canadian values being in each case less than the ones yia Madras. 
This quantity, ·03o•ec., apparently represents the accordance between the direct deter­
mination of the Sydney-Wellington arc in 18 3 and the indirect one via South port 
anJ Doubtless Bay in 1903. 

Although observations were made for persona} equat.ion by the two observers, yet 
the conditions under which they were made were not the most favourable. It was im­
practicable to mount the portable t ransi t at the Wellington observatory, so that the ob­
servations were all made with the Wellington instrument, Mr. T. King observing by 'eye 
and ear,' as is his custom, and Dr. Klotz recorded, as is his custom, electrically, in this 
case, however, with a specially made make-circuit key for embossing, by means of 
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the style, the paper fi.Ilet of the Morse register-the chronograph of the Wellington 
observatory. Retardation and parallax of the two styles of the register-the one for 
the clock and the other for the transits-were carefully determined and applied. 

FINAL LONGITUDE V ALITES. 

Time. 

LONGITUDE. 

Probable 
Error. Arc. ' Probable 

Er1or. ------------------- _________ , ___ _ 
h. m. S. s. 

Vancouver ... . . . . .. . ..... ....... 8 12 2 ·368 + ·050 123 07 05·520 W + ·76 
Fanning . ... . ............ . ..... 10 37 33 -774 + ·054 159 23 26·610 W + ·81 
Suva .. ..... . ......... . .... ...... 11 63 42 ·38() + ·056 178 25 36·835 E + ·82 
"orfolk ... . .............. 11 11 41"146 + ·055 167 56 17·190 E + ·82 

Southport... . . . . . . . . . . . . . · : : : : : : : . 10 13 39·782 + ·056 153 24 66·730 E ± ·84 
Sydney . .. . .... ... ..... . .. . .... .. JO 04 4!) ·287 + ·058 151 12 19-305 E + ·87 
Hri~baue . . ..... ... . ..... ... . 10 12 06·044 ± ·Oi3 153 01 30·660 E +1·0~ 
Doubtless Bay .. . ...... . ...... : : : : . 11 33 56·146 +·060 173 29 02 ·190 E + ·oo 
,vellin~ton .... .. .. .. ... .... . . 11 39 o::; ·o87 ± ·075 174 46 16 ·305 E ±l"l2 

25b-14 
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Fig. 10- Pacific CablP Station, Suva, Fiji. Photo by Otto K lotz. 
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Sm,-In accordance with your instructions, I submit herewith a description of the 
observatory building, electrical installation and instrumental equipment. 

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

J. S. PLASKETT. 

DESCRIPTION OF BUILDING. 

The observatory building, recently completed, and occupied by the staff of the 
astronomical branch since April, 1905, is situated on the Central Experimental Farm. 

The site is near the north gate of the farm, about half a mile northwest o:f the farrn 
offices, and is two miles and a half south southwest from the parliament buildings. 

The building itself, which is constructed in a very substantial manner of grey 
sandstone with red sandstone trimrnings, consists, as the plans and photographs show, 
(see figs. 1 to 6) of a central octagonal-shaped tower surmounted by a revolving 
bemispherical dome, which forms the covering for the equatorial telescope. The wings 
on each side of this tower recede at an angle of 15 degrees, and the one to the left or 
west side faces due south. The transit house, an extension of the west wing, one story 
in height, and now in course of construction, is for the purpose of housing the meridian 
circle and transit instruments used for the determination of time, longitude and star 
positions. 

On entering the main door, which is surmounted by a fine coat of arms, carved 
frorn the red sandstone, one passes either to right or left around a ci;rcular wall of 
pressed brick which encloses, but is entirely separated from, the circular concrete pier, 
9½ feet in diameter, which rises, frorn a stone foundation below the basement, nearly 
to the -6.oor of the equatorial room, and forms the support for the telescope. Th0 
central hall, directly to the north of the circular entrance hall, leads east and west by 
corridors, to the rooms and offices in the wings, while the main staircase, of iron witb 
slate treads rises to a landing and from thence back to the :first -6.oor. All the corridors 
and halls are faced with pressed brick and paved with tile, and the whole building is 
o{ a thoroughly fue-proof construction. 

In the east wing .on the ground -6.oor the director's room, at the southeast corner 
of the building, overlooking the farm and the city, is very conveniently situated, 
being directly across the corridor frorn the library and reading roorn, and commnnicat­
ing with the secretai'y's (Mr. Sirnpson's) office, whicb in turn opens into the messen­
ger's room, wbere the stationery supplies are kept. The reading room, in which the 
principal astronomical and scienti:fic periodicals are kept on file, opens into the library 
which is fi.tted w,ith steel bookcases with adjustable shelves and sliding plate glass doors. 

In the west wing, besides an astronomer's (Dr. Klotz's) and computing offices, is 
the time service room in the northwest corner of the building. The switch-board and 
appliances, from which the electrically actuated dials not only in the observatory but 
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in the central and departmental blocks are controlled and regulated, are placed in this 
room which opens through a small room used for chronographs into the transit bouse. 
The whole instrumental equipment for maintaining and communicating standard 
time, which is fully described in another section of this report, i.s thus controlled from 
this room, while the time itself is determined in the transit bouse entered from this 
toom through the chronograph room where the transits are recorded. The transit 
house, which is now approaching completion, has piers for two transit instruments, 
the westerly one, provided with subsidiary piers for collimating telescopes, is to hold 
the standard transit ins~rument, the easterly one to be used for the :field instruments 
in determining persona! equation. Beyond the transit instruments, in the westerly 
section of the building, a 6-inch meridian circle by Troughton & Simms is to be in­
Btalled. 

Proceeding to the :first floor by the main staircase in the central hall a somewhat 
eimilar plan, corridors running east and west, is here met w.ith. To the south of the 
central hall is the staircase leading to the midway and equatorial floors, and directly 
over and of the same shape as the entrance hall is a circular room :fitted with concentric 
,teel cases for the storage of instruments and apparatus. In the west wing on the 
aouth side of the corridor is a large room extending the whole length of the wing in­
tended for public lectures and demonstrations on astronomical and scienti:fic subjects. 
Water supply and electrical connections are provided with a view to convenience in 
arranging experiments and demonstrations. A large draughting room at the end of 
the corridor has provision for the storage of the various maps and plans used in con­
nection w.ith boundary surveys. 

In the east wing besides a draughting room, an astronomer's (Mr. Plaskett's) and 
the chief computer's (Mr. Macara's) offices, is the photographie room, at the end of 
the corridor and extending across the whole width of the wing. A large skylight at 
the north end of the room gives light not only for printing purposes but also to a 16-
inch by 20-inch copying camera placed on casters so as to be readily wheeled to the most 
evenly lighted position. The dark and enlarging rooms are placed overhead in the 
southerly half of the -room, and are reached by a stairway on the · west side. The 
ceiling of the photographie room is of sufficient height to allow about 7¼ feet headroom 
in these rooms, and 6½ feet in the space below, which is not partitioned off from the 
rest of the room, and is used for the storage of negatives, for printing when· direct 
sunlight is required, for mounting and other purposes. · The enlarging room to the 
eouth is :fitted with cameras for enlarging and reducing by either day or arti-6.cial light. 
The dark room is entered from the enlarging room, bas four large sinks for developing 
and washing purposes, benches, shelves, cupboard and all the necessary appliances for 
working plates and paper up to 30 inches by 40 inches in size. 

The central tower and a square portion behind it to carry the stairs and landings 
are the only parts of the building rising above the :first floor. The midway floor is on 
the same level as the roof of the main building which is Hat, of tar and gravel, and 
surrounded by a stone parapet. The roof is of such a solid construction that many ob­
servations may be conveniently conducted upon it and the instruments, when not in 
actual use, may be carried into the midway floor landing. 

A circular room, like the instrument room and directly above it, is reached from 
this landing and has a small room at the north partitioned off and :6.tted with sink and 
shelves for use as a dark room for developing the plates used in the photographie and 
spectroscopie attachments of the equatorial telescope. At the west side is a large tank 
for storage of water, while the south and east are occupied by a concave grating 
spectroscope placed on tands of such height as to use sunlight reflected through the 
south window by a heliostat placed on the balcony outside. 

The circular form of the telescope pier is changed at this floor level to a rec· 
tangular section about 5 feet by 7 feet and capped by a stone 10 inches thick upon which 
at the ceiling level rest the adjusting blocks and colurnn of the telescope. The circula.r 
surrounding wall also ends at the same level, and the ,floor of the equatorial room above 
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is snpported by eight i ron columns. The space between these columns and the rect ­
augular pier is to be used for the storage of astronomical negatives. 

The equatorial room directly above is also ci-rcular in shape, about 30 feet in 
diameter, and is covered -w.ith a hemisp];ierical dome which revolves on a circular track 
9 feet above the floor, laid on and securely bolted down to the stone walls. The dome, 
which is constructed of steel ribs covered with wood and sheathed with copper, is built 
upon a rigidly braced steel ring, to which the running gear is attached (as shown in 
figs. 8 and 9) and is easily turned by pulling an endless rope running over a pulley, 
geared to the turning mechanism. The shutter which is in t-wo halves opening apart, 
and which extends from the bottom to about ten degrees beyond the zenith, giving an 
openiug 5 feet wide, is also easily opened and closed by another endless rope, which 
causes wire cables to roll the halves apart or together on rails at the top and bottom. 
The room is lighted by ten windows, five each to the east and west, the south being 
occupiecl by the tower clock and the north by the stairs and two cupboards for the 
storage of accessories to the telescope. 

ln the basement which only remains to be described are some rooms worthy of 
mention. The clock room to the north of the telescope pier is in no part nearer than 
10 feet to the external walls and is therefore well adapted for being maintained at 
constant tempera_ture, a necessary provision for accurate time-keeping. In this i-oom 
are the standard sidereal and mean time clocks which, as before stated, can be com­
pared and controlled from the time service room. In the other sections of the annulus 
nround the pier is a room for pendulum observations and the determination of gravity, 
and another for the storage and rating of chronometers. The workshop situated in the 
east wing contains a motor generator furnishing power to run the machine tools and 
to couvert alternating current into direct current for charging accumulators and for 
experimental work. The switch-board, besides the motor generator (both shown in 
fig. 7), controls the lighting, experimental and battery charging circuits, but the 
electrical installation and the machine tools will be more fully described later. on. The 
battery room in the west wing contains a large cupboard for the storage batteries, and 
n switch-board for connecting any of the batteries to any circuit. Beyond this is a 
small chemical laboratory and, in the corner under the time service room, a room for 
solar research. 

The tube of a coelostat reflecting telescope to be shortly installed will corne under­
ground from the concave mirror 80 feet north to form a large image of the sun just 
outside the room, whe1·e it can be photographed or examined with powerful stationary 
spectroscopes. The seismograph room is in the centre of this wing, and like the clock 
room entirely away from outside walls, while the other two large rooms are to be 
used for standards and for experimental purposes. A passage way under the vestibulé 
at the end of the wing leads from the two corner rooms either outside or to a room 
under the transit bouse wbich is to be used for the storage of the heavy field instru­
ments and their cases. 

ELEOTRIOAL INSTALLATION. 

The building is supplied with electricity for light and power from the alternating 
em'l-.ent mains of the Ottawa Electric Company. A large transformer on a pole about 
one hundred fcet north of th 0 builcling recluce, the potC'ntial to 10-! volts. The 
eurrent is carri ecl from the transformer, in a lead covered cable, underground into the 
workshor, and tLcnce to a large double pole s"·itch nt the bottom of the switchboard. 
Here it is subdivicled into three branches. each having a meter in circuit and controlled 
by a switch, one leading to the motor generator, and the others to the main lighting 
circuits: 

The lighting and experimental wires throughout the building are carried in iron 
armoured conduits installed in a substantial manner and arranged for the easy draw­

ing in of new wires or the withdrawal of any circuit needing repairs. Lights in all 
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the rooms are controlled by press button switches placeà. near the doors in a most con• 
venient position. Many of the rooms also have double pole knife switches, with binding 
post terminals, attached directly to the mains for power, heating, <!_r projection pur­
poses. 

The motor generator (:fig. 7), made by the Westinghouse Company, is of 7½ K.W. 
capacity, the generator being wired to supply 60 amps. at 60 to 90 volts. The induction 
motor controlled by the switch to the left of the board is directly connected to the gen­
erator by a simple clutch coupling which can be readily thrown out of gear when the 
generator is not required. The mains from the generator lead through a Weston Sta­
tion ammeter and a double pole switch on the front, to bus bars at the back of the 
board, and from these bus bars three branch circuits are run, one for experimental 
purposes and two for charging batteries. The experimental circuit, controlled by a 
switch on the front of the board, has a large adjustable rheostat from O to 100 ohms, 
and with a current carrying capacity of 60 amperes inserted in series with it and runs 
to double pole switch terminals in the rooms where it is likely to be used. In any of 
these rooms direct current may be obtained of any desired strength to 60 amps. and at 
potentials up to 90 Yolts. Each of the two battery Circuits are also controlled b:v a 
switch and have an adjustable rheostat of suitable capacity in series with them. They 
proceed directly to the battery room, and are connect.ed with the storage battery ter­
minals, one to the small cells charging current 4 amperes, and one to the large "cella 
chfVging current 20 amperes. A Weston volt.meter range O to 100 volts is placed in 
the upper right band corner of the switch board and arranged with a four-point con­
tact switch to girn, as desired, the potentials of: 1, the generator; 2, the experimental 
circuit; 3, the large batteries; 4, the small batteries. Hence, in order to charge the 
batteries, it is not necessary to leave the workshop as the current and voltage can be 
read from the switchboard instruments. In addition, a recording volt-meter in circuit 
with the lighting mains g ives a continuous record of the variations in the voltage, while 
a ground detector serves to give notice of any leak in the circuits. The arrangement 
of the switchboard is clearly ,;hown in fig. 7. 

The storage batteries are contained in a ventilated cupboard with glass doors and 
sides. The battery jars are placed on strips of plate glass, inserted on edge into wooden 
shelves. There are installed in this cupboard 50 type O 7 chloride accumulators, capa­
city 35 ampere hours, used for the time service, and 20 type E. 9 chloride accumula­
t-en-s, capacity 200 ampere hours, for experimental purposes. The switchboard directly 
opposite the battery cupboard is arranged so that any single cell or any number in 
series may be connected to any desired circuit, the small cells to the tirne service cir­
cuits and the large cells to six exn.erimental circuits proceeding from lmife switches 
on the board to the rooms where the current is likely to be used. 

A very conve:...iient intercommunicating telephone system is also installed in the 
observatory. Telephones in every important room have each a small switchboard at­
tuched with press buttons for every other telephone. All that is necessary in order to 
couYerse witb any one is to press the corresponding button which will connect your 
telephone with his and ring his bell. The act of hanging up the receiver automatically 
disconnects the telephones. :Moreover any other pair in the system can be used at the 
same time -w.ithout interference. 

INSTRUMENTS. 

The Equatorial T elescope. 

The objective of the telescope, of 15-inch aperture and 19 feet focus, -w.as made by 
the J no. A. Brashear Co., of Allegheny, Pa., while the mounting was constructed by 
the Warner & Swasey Co., of Cleveland, Ohio. The objective was designed by Dr. 
Charles S. Hast ings, of Yale University, and differs from the usual type of telescope 
objective in having the flint element in front of the crown. One advantage of this type, 
besides the optical advantages claimed by the makers lies in the fact that flint glaas 
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is much lcss susceptible than crown to atmospheric influences, and much less likely to 
have moisture condense upon the surface. The mounting is of the same type' as that 
used by W arner & Swascy in the Washington, Lick, and Yerkes refractors, which bas 
proYed so satisfactory in every respect. A description of the mounting and method of 
opcration of the telescope will properly corne :first and be foBowed by a description of 
the ncces~orics. 

Two plates provided with screws for adjustment of the column in altitude and 
azimuth rest on the stone cap at the top of the pier about 8 inches below the floor level, 
and on these plntes rests the hollow iron column of the telescope. This column which 
is in two sections as shown in :figs. 8 and 9, tapers up from the base in graceful 
<,,n·<>::,, <'mling, in the upper section, in straight lines. It is about 5 feet by 3 feet at 
the base and 2 feet 4 inches by 1 foot 1 inch at the top, and 9 feet high. The upper 
section of the column serves as clock case, access to which is given by a glass door at 
each sicle. while a door in the lower section aclmits to the clock weights which descend 
inside. The column is capped by the polar head (fig. lO), a substantial casting ofi neat 
and graceful design, which is bored to admit the polar axis at an angle equal to the 
latitude of the observatory about 45° 23' 30". In these bearings the polar axis turns, 
resting on a ball thrust bearing at the south end and having, on the north end, two 
steel rollers pressed up against the axis by an adjusting screw and lever. By forcing 
the roBers against the axis, the greater part of the pressure on the bearing surface can 
bt relieved, and the friction consequently reduced until the axis with telcscope at­
tached turns very easily in its bearings. 

The axis itself has an enlargement on its upper end to which the declination bush 
is :firmly fastened by screws. The driving worm wheel is situated between the upper 
bearing and the bush and is loose on the slow motion sleeve, being clamped to it when 
required by a V-shaped block forced into a groove turned in the sleeve by a screw, 
connected by gearing in the declination bush with the right ascension clamp and slow 
motion rod on the sicle of the tube. Betweeu the bearings on the polar axis are three 
insulated rings with brushes for transferring the illuminating current from the 
stationary to the moving parts, a large bevel gear for moving the telescope in right 
ascension by the band wheel seen on the north of the column, and the hour circle, con­
taining both coarse and fine graduations, the coarse to 5 minutes on the outer edge of 
the rim, and the fine on the lower side reading by two verniers to 2 seconds. These 
verniers are read through the two telescopes projecting out of the north end of the 
column above the dial and hand wheel, the light being carried down through the tubes 
by reflecting prisms to the telescopes below. 

The declination bush is hollow, carrying the declination axis, which is enlarged 
at one end, like the polar axis, to carry the telescope tube. The axis ends before reach­
ing the coarse declination circle which is :fixed to the bush, the pointer being moved 
by means of intermediate gearing from the end of the axis. The fine declination 
circle is on the outer edge of the wheel seen close to the tube and the declination is 
read from the verniers to 30 seconds of arc through the t>'l"o tubes above and below the 
ielescope tube and extending down to the eye end. By this convenient arrangement. 
of reading telescopes the hour angle of the telescope is read from the end of the column, 
where it is moved in right ascension, and the aeclination is read from the eye end 
where it is moved in declination. The clamp and slow motion in declination, worked 
Irorn the smooth pair of knots on the insidc of the telescope tube acta in the same 
way as the right ascension mechanism, having corrugated knobs, by forcing a V­
shaped block into a groove turned in the axi . The clamp in both cases is actuated 
by the srnaller lmob which turns a steel rod inside the brass tube which is itself turned 
by the large knobs, and controls the slow motion mechanism, whose action will be 
readily understood from :fig. 10. 

The telescope tube, whose construction is also shown in the illustrations, consists 
o:f a central section of cast-iron 18 inches in diameter and 12 inches long, :fi.rmly 
screwed to the declination axis. A fl.ange at each end of this section is :fi.rrnly screwed 
io two brass fi.anges in which the eye and objecti,e sections end. These sections 17 
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inches in diameter, are constructed of sheet steel -i¾r-inch thick in lengths of 2 feet 
firmly rivetted together forming a rigid and comparatively light tube about 17½ feet 
long, the eye end being 6 feet and thé objective end 10½ feet long. A brass :flange is 
screwed to the upper end for holding the objective and a cast-iron collar :firmly screwed 
to the eye end serves to hold the telescope tail piece into ,,hich the di:fferent attach­
ments screw. This tail piece, made of brass, is beld by four capstan headed screws, 
and allowance for collimation adjustment is provided by four abutting screws through 
the collar. A bole through the tail piece 8½ inches in diameter is threaded and then 
sections of the tbread milled out; the corresponding male threads on the eye-piece 
adapter, the spectroscope adapter, and the solar camera, all of which are interchange­
able in the tail piece, are treated in the same way, the result of the process being called, 
technically, a quartered or mutilated screw. To attach any of these pieces all that is 
necessary is to insert them into the tail piece, push home, and give an eighth turn 
which clamps them rigidly in place, unscrewing being prevented by a small pin going 
through the side of the tail piece, and ca1:1sed, by a spring, to enter a hole in the 
attachment. Detachment is e:ffected by lifting the pin, turning back one-eighth re­
volution and then pulling out. If the scre,,, were complete not only would the pieces 
be more di:fficult to enter, but six or seven revolutio~ iristead of one-eighth would be 
required. 

The two finding telescopes, one of 2½ inches, and the other of 4 inches aperture, are 
fastened to the outside of the tube by adjusting screws to admit of their axis of colli­
mation being made parallel to that of the telescope. The eyepieces, which have croSS­
wires of fairly coarse ,,,ire, large enougb to be visible without artificial illumination, 
are brought down to a convenient position, somewhat lower than the tail piece, but 
above the main eyepiece. Between the finders are two steel rods, screwed to the tube, 
carrying counterweights weighing 12 pounds each, which can be removed or added to, 
according to the attachment in use, to balance the tube in declination. For instance 
when the spectroscope is attached all the counterweights have to be removed, as it is 
not only much beavier than the eyepiece or micrometer, but extends beyond the 'focal 
plane. The telescope is balanced in right aacension by large weights, about 50 pounds 
each, screwing in and out on an extension of the declination bush so that the neces­
sary balancing of the telescope in both directions can be readily accomplished. 

The driving clock (fig. 11) which is contained in the upper section of the column, 
to which access is had by glass doors on eacb sicle, is of the regular type of conical pen­
dulum clock built by W amer & Swasey. The governor balls are bored slightly 
out of the centre so that, by turning on their axes to a graduated scale, the 
effective length of the arms and consequently the rate of the clock is varied. 
Whcn the speed of the balls approaches the limit, they rise from their position of rest 
and cause small fibre friction pads to rub on a circular brass cylinder attached to the 
top of the case, concentric with the spindle. The motion of the governor spindle is 
communicated by a train of reducing gears to the connecting rod, shown going up 
through the column, which in turn by a pair of mitre gears turns the worm, which 
gears into the driving worm wheel on the polar axis. The clock also drives, by another 
train of gears shown at the right of the figure. the setting circle shown on the north 
side of the telescope column. This consists of two concentric eircles divided each into 
24 hours, and each hour into 5 minute divisions. The outer circle, fixed to the ct>lnmn, 
has the 24-hour division at the top, while the inner circle turns with the clock, one com­
plete revolution in 24 hours, by friction only so that it can be set to any desired posi­
tion. The pointer of celluloïd with vernier reading to minutes extev.ds across both 
circlcs, and is attached by an independent train of gears to the polar axiii. It indicates 
the hour angle of the telescope by its reading on the outer circle, while the inner circle 
shows the sidcreal time. In order to set tbis circlc correctly, whcn the clock is started, 
all that is neces."ary i:; to move it until the reading opposite 24 hours or O hours on the 
outer circle <·orr<'-;ponds to the c:inereal tirnc at the i11stant of setting; or if the sidereal 
tinw is not known, turn the teleBrope to bring any star of known right ascension in 
th0 <'entre of the field and then c:r,t the dial so that the pointer shows this rigbt ascen-



ix REPORT OF THE CHIEF ASTRONOMER 205 

SESSIONAL PAPER No. 25b 

sion. After this setting is made, any star above the horizon can be brought into the 
field, after setting the telescope in declination, by turning the telescope by the band 
wheel below the dial until the pointer indicates its tabular right ascension. All mental 
arithmetic and many mistakes are avoided by this simple and useful device, which 
answers, with the use of the coarse declination circle, for all ordinary finding purposes. 
The closer readings given by the verniers on the fine declination and hour circles will 
only be required for adjusting the telescope and similar purposes. 

These readings are obtained as befO're stated through reading telescopes conven­
iently situated near the places where the separate movements are given. For work at 
night each vernier is illuminated by a small electric lamp which is part of a system of 
electric illumination fitted to the telescope. In addition to two lamps each at hour 
and fine declination circles, there are two at the coarse declination circle, one above the 
setting ci'rcle, a band lamp at the eye end for reading the position angles of the micro­
meter and spectroscope, and a lamp for illuminating the wires or field of the micro­
meter. The wires are led up through the column, and the current is carried to the 
moving parts by brushes bearing on insulated rings on the polar and declination axis. 
A three-point switch below the setting ciTcle controls its lamp and those of the hour 
and coarse declination circles, while the switch for the fine declination circle is at 
the eye end convenient to the reading telescopes. · 

The whole arrangement of moving mechanism, finding circles and electric illumina­
tion is extremely convenient and complete, while the whole mounting is co11structed in 
the best possible manner, is a credit to the makers, and very much facilitates work­
ing with the instrument. 

Te~escope Accessorijes. 

Eye-piece Adapter. 

The eye-piece adapter (shown in fig·. 8), which is fastened into the tail-piece of 
the telescope hY an eighth iurn of its quartered screw, has a concentric inner tube 4½ 
inches in diameter, moveable for adjustment to focus through a range of 9 inches by a 
rack and pinion. There is another quartered screw in the end of this tube 3 inches in 
diameter into which the micrometer and the attachment for eye-pieces, &c., fasten; 
while in the eye-piece attachment a second tube 2½ inches iJn diameter slides, into 
which the eye-piece tube, the solar attachrnent, and the registering photometer can 
be screwed. 

Six Huyghenian eye-pieces fitting either into the eye-piece tube, the diagonal 
prism, or the solar attachment are supplied, with powers ranging from 125 to 750. The 
solar attachment is provided with a reflecting polarising arrangement, and the in­
tensity of the image can be varied at pleasùre by rotating the outer end. A wide 
angle eye-piece, with a power of 110, but giving a considerably larger field than the 
lower power eye-piece, is also provided and it screws into the same slip tube as the 
solar attachment. Further a diagonal prism into which the eye-pieces can be placed is 
also provided for convenience of observations near the zenith. The eye-pieces and 
photometer are clearly shown in fig. 12. 

The Photometer. 

The photometer, for the deterrni.nations of star magnitudes, w,as designed and 
made by Brashear and is of the wedge pattern, with a registering attachment. The 
essential part of the instrument is the wedge-shaped strip of dark glass, which can bE> 
moved back and forward under the eye-piece by a quick-acting rack and pinion. The 
amount of light absorbed by the glass depends upon its thickness, which, of course, 
varies directly with its distance from the thin end. The photometer is used by com­
paring the position on the wedge. and consequently the thickness of the dark glass, at 
which the light from stars become c0mpletcly extingnishcd. This would ha,·c to be 
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done, were it not for the registering attachment, by turning on the light and reading a 
seule between each observation. This not only takes considerable time, but also 
diminishes the accuracy of the observations by causing a change in the condition of 
the observer's eye. A reference to fig. 12 shows a rotating cylinder with a pencil above 
it arranged to mark on a strip of ruled paper fastened around the cylinder. When the 
wedge has been moved to the extinction point, a pressure on two keys causes the 
cylinder to move through a fortieth of a revolution, and, at the same time, presses the 
pencil on the paper, making a mark. The observation can be repeated and another 
mark made, or the telescope pointed to another star and another series of observations 
taken, all very quickly and w,ithout turning on the light. The whole sheet, forty read­
ings, may be filled at one time or only a few taken as desired. The observations are 
readily taken from the sheet, which has a printed scale similar to the scale on the 
wedge, and the mean of any series easily obtained. 

The Position Micrometer. • 

This is a very complete instrument (fig. 13) by W amer & Swasey, of the same 
type as that made by them for the Yerkes and Lick observatories. It is furnished with 
five positive eye-pieces, giving powers ranging from 200 to about 500, and with three 
dark glasses for solar work. It is furnished with electric illumination of field or wires, 
the contacts being automatically macle when the micrometer is inserted, by means of 
an eighth turn of its quartered screw, into the eye-piece adapter. The change from 
the illumination of field to that of wires is made by simply turning a knurled knob, 
while the light can be made any desired colour by rotating a diaphragJl\. There is the 
usual arrangement of one fixed and one moveable vertical wire and a horizontal wire. 
The micrometer head can be moved from one side to the other by a long screw knurled 
at each end, while another quick-moving screw permits the eye-piece to be moved with 
respect to the wires. The distance between the vertical wires is read off on a large 
micrometer head graduated to hundredths, and readily estimated to thousandths, while 
the number of revolutions of the head is read off on a dial beside,,the head. The posi­
tion circle is graduated on silver to half degrees, and is read to five minutes by two 
rnrniers. The instrument is arranged so that micrometrical work can be done with 
the greatest ease and convenience. 

The Solar Camera. 

The solar camera made by Brashear and shown beside the telescope column in 
fig. 9, is attached to the tail-piece of the telescope ·by an eighth turn of its quartered 
screw, in the same w.ay as the spectroscope and eye-piece adapters. A negative lens 
of 3¼ inches aperture and 30 inches focus is placed within the focal plane, and forms 
an enlarged image of the sun about 6½ inches in diameter, 42 inches beyond the focal 
plane. The camera part, which is connected with the lens by a conical tube of thin 
sheet metal, is intended for 8 by 10 piates. The Jens as well as the camera back is ad­
justed to focus by a rack and pinion. The exposing shutter for solar work consisting 
of a nurrow adjustable slit in a metal plate, is placed about one-third the way clown 
from the lens, and is draw.n rapidly across the beam of light by a spring. If desired 
to use the camera for the moon or other celestial objects, this shutter can be entirely 
removed and exposures made by a cap on the enlarging lens, opened and closed by a 
rod extending clown the camera tube. The camera extends nearly 5 feet beyond the 
tail-piece, but is light enough to be well within the range of counterweights provided 
for the telescope. In fact it does not disturb the balance so much as the spectroscope 
which requires the removal of ail the w·eights from the eye end and a considerable 
change in the balance in right ascension. 



ix REPORT OF 'l'HE CHIEF AS'l'RONOMER 207 

SESSIONAL PAPER No. 25b 

The Spectroscope. 

The universal spectroscope, also by Brashear, is of a similar design to those, by the 
same maker, of the Allegheny and Lick observatories, and is designed for general spec­
troscopie work. The general design and arrangement of the spectroscope, when used 
with the train of three prisms, is shown in :fig. 14, while the other accessories are seen 
beside it. The spectroscope is attached to the equatorial by the adapter, consisting of a 
cylindrical sleeve with a quartered screw :fitting into the telescope tail piece and fas­
tened by an eighth turn. À collar, to which are attached two tubes 31 inches long and 
1 U inches in diameter, parallel to and equidistant from the axis, rotates upon the 
sleeve while a graduated circle allows it, and consequently the spectroscope, to be set 
to any required position angle. The frame of the spectroscope is attached in any de­
!!ired position to the tvro tubes by four hinged clamps. The collimator tube passes 
through the frame of the spectroscope midway between the adapter tubes, and conse­
quently in the optical axis of the telescope. It moves by rack and pinion longitudin­
ally through a range of adjustment of 2 inches, and its position can be read on a milli­
metre scale. 

The slit at the front end of the collimator tube has jaws of speculum metal, highly 
polished, and inclined slightly, so i:hat light from a star may be refl.ected back, and to 
one side, out of the way of the incident light, into a telescope, forming an efficient 
means of guiding or keeping the star image on the slit. The slit jaws are moved apart 
by a sCTew forcing a cone between them, and are brought together by a spring, and the 
head of the screw is graduated indicating slit openings of thousandths of an inch. A 
diaphragm constructed like that used by Hartmann at Potsdam is placed close in front 
of the slit. It moves in a slide between adjustable stops so that any desired width of 
star and comparison spectra may be taJrnn on the plate. It may readily be removed 
so that the whole length of the slit is unobstructed, or other diaphragms with any de­
sired arrangement of apertu'res may be inserted in its place. The length of the slit 
can also be limited by two metal plates behind it, and the whole slit mechanism is fas­
tened in a tube sliding within the collimator tube and focussed by rack and pinion, the 
position likewise being read off on a millimetre scale. · 

The collimator is supplied with two triple cemented objectives of 11-inch aperture 
and 15 inches focus. They were specially computed by Hastings, one being corrected 
for the Hr region, to be used for radial velocity work with ordinary plates, and the 
other for the region around À5600 to be used with orthochromatic plates and for visual 
purposes. 

The three prisms in the prism train are of medium dense flint, index for Hy about 
1 ·64, and they give excellent de:finition. They are mounted on a minimum deviation de­
vice so that they may be used on any part of the spectrum, but are specially intended for 
the Hy region. They are of such a size as to transmit undiminished the parallel beam 
of light from the collimator. The semi-circular brass box, in which they are contained, . 
has screws p~ssing down through its cover which may be used to exert pressure on the 
top of the prism cells, and prevent any movement during the long exposure required 
on stellar spect'rograms. The prism box is rigidly fastened to the prism table and to 
the frame of the spectroscope, and the camera which screws into the end of the mini­
mum deviation train by a quartered screw is braced by a pair of rods clamped :firmly 
to it and to the frame, further stiffening tne prism box and making the wliole instru­
ment thoroughly rigid, a p'rime necessity in line of sight work. 

The camera, like the collimator, has two triple objectives of 11-inch aperture and 
15 inches focus corrected for Hy and Ài\600. They are focussed by means of a rack 
and pinion and the position can be read off on a millimetre scale. The camera tube, 
which is of large diameter, is thoroughly diaphragmed and has a tilting back adjust­
able to any required inclination. The plate holders, four in number, of metal, slide into 
this tilting back and hold plates 2 inches by 3 inches on which a spectrum 21 inches 
long and any width to ~ inches may be photographed. The observing telescope screws 
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into the same place as the camera and has an objective of about 10 inches focus. This 
telescope has a micrometer attachment with three eye-pieces for measuring wave 
lengths, the cross wires being illuminated by a small electric lamp permanently at­
tached to the micrometer. A diaphragm with coloured glasses adroits of the light being 
made any desired colou'r. 

The spectroscope is provi<led with two single prisms of light and dense fünt in­
dexes of 1 ·60 and 1 ·73 respectively and with a Rowland plane grating of 21-inch 
aperture, ru1ed surface 1 ·25 ins. by 1 ·9 ins. and 15,000 lines to the inch. Either of 
the prisms or the grating may be placed on the rotating prism table when the prism 
train box is removed, being held in position by two screwa and covered with adjustable 
covers. The camera and observing telescope are, in this case, screwed into a swinging 
arm pivoted concentrically with the prism table to the spectroscope frame. A double 
graduated circle on silver provided with verniers reading to 10 seconds of arc gives 
the position of this arm and of the prism stand, thus allowing the instrument to be 
used as a spectrometer. 

Numerous other accessories are provided, chief among which are: 1. Attachment 
for comparison spectra which fastens to one of the tubes and swings back out of the 
way when not in use. It is provided with terminals for metallic electrodes and a 
holder for vacuum tubes. 2. A cylindrical lens for visual observations of star spectra. 
3 A telescope for observing the image re:flected from the slit plates for guiding during 
exposures on stellar spectra. 4. A similar telescope attached to the prism train which 
rcceives the light re:flected from the surface of the first prism, antl hence guides by the 
light transmitted through the slit. ey. A perforated nickel-plated dise for screening 
part of the sun's heat from the slit mechanism. 6. A tripod stand to hold the spectro­
scope for laboratory purposes and other minor accessories. 

For photographing stellar spectra, a correcting lens to bring the focal points for 
the rays of short wave length to the same point is necessary. The telescope objective 
is corrected for the visual rays, and the focal points for the blue and violet light are 
distributed over a range of about an inch. The correcting lens of three inches aper­
ture, placed about 36 inches inside the focal plane in. a tube attached to the adapter, 
brings the actinie rays to the same focal point, about 2 inches inside the visual :focus, 
and allows a long range of spectrum to be photographed on the plate, while if the cor­
recting lens were not used only a very short portion could be obtained at once. A 
spectrum of Arcturus, taken w.ith the spectroscope, and with a comparison spectrum of 
the iron spark on each side is reproduced in fig. 15, about three and a half times en­
larged. 

The Stellar Camera. 

For photographing stars and nebulœ, a camera with a photographie doublet of 8 
inches aperture and 40 inches focus, made by Brashear, is bolted, as shown in :f:igs. 
8, 9 and 10, to the centre of the telescope tube opposite to its place of attachment -to 
the declirlation axis. It takes a plate 8 inches by 10 inches in size, and gives a circular 
field of 8 inches in diameter or about 11 ° 20'. This lens gives exquisite definition over 
a field of 7° or 8° and by averaging may be extended a little further. The following 
information regarding the type and construction of the lens is given by Dr. Brashear. 

' The general construction is that which was first found by Petzval years ago, and 
has provcn itsclf quite the best, where great angu1ar aperture with sharp definition is 
imperative. The curves have been somewhat modified from our experience in the con­
struction of other lcnses-particularly those made for Dr. Max Wolf, of Heidelberg, 
Germany. It departs, however, from the orclinary practice of opticians in being cor­
rected for short w.ave lengths of light. This would be quite objectless in a camera 
which is to he used for portraits, but is not without moment in astronomical photo­
grnphy. The rnnterials employed were specially chosen for their transparency, the 
fünt being very light and the crown very white. The focal lengths of the front and 
rear combinations are in a ratio of about 7 to 12, while the focal length of the system 
is vcry nearly five times t he aperture. The focal 1ength you may find very slightly 
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modified: indeed it is our custom to balance the inevitable zonal differences of magni­
fication, which difficulty is found the most formidable to all constructors of astron­
omical photographie objectives.' 

The camera itself consists of a metal tube, having at the front end an inner slid­
ing nickelled tube containing the objective, which is focussed by a rack and pinion, 
and, when the correct focus is obtained :fixed in position by a clamp screw, This posi­
tion, which of course is obt2.ined by trial, is read off on a millimcter scale. _At the 
back of the camera is a metal frame into which the plate holder slides, being held 
down to the frame by springs. A metal shutter over the objective is actuated by a rod 
extending down the camera tube. The guiding is done by the micrometer wires in the 
telescope, and, owing to the much greater focal length of the telescope objective, it is 
easy to obtain accurate guiding. A photograph of a portion of the :M.ilky W ay taken 
by this camera is reproduced in fig. 16. The centre of the photograph is at R.A. 21 h. 
32 m., Decln + 49° 05'. Exposure 6 hrs. 20 mins. The beautüul de:finition given by this 
objective is well shown in this photograph. 

Oooke Equatorial Telescope. 

A Cooke-Taylor 4½ photo visual object.ive of 81 ·8 inches focus is supplied with a 
very complete eqUJltorial mounting by the same fum. A large and solidly braced tripod 
serves for the base of the instrument, which is of a portable character and so packed 
in boxes that it may be taken into the field wii.th little more difficulty than a transit 
instrument. The equatorial head is adjustable for any latitude, and has hour and de­
clination circles graduated on silver, and reading by verniers to minutes of arc. A 
powerful driving clock, which is mounted on a sub-base about half way down the 
tripod legs, is connected by an adjustable rod to the worm engaging in the worm wheel 
on the polar axis. The clock stand is connected to the three tripod legs thus bracing 
and stiffening the instrument. The telescope tube of brass, and lined with black velvet 
to prevent reflection, is in two sections for portability. It is supplied with four eye­
pieces ranging in power from 50 to about 250, and with dark glasses for solar observa­
tions. The eye end is readily detached by removing a pin and turning counter clock­
wise about 10°, and a camera back, with a focal plane shutter using a 4¾-inch by 6½-inch 
plate, is readily attached in its place. This is adjustable to focus and, owing to the 
property of the photo visual objective of bringing the photographie and visual light 
to the same focus, gives exceedingly fine de:finition for stellar or long-distance terres­
trial photography. A negative enlarging lens, attaching inside the focal plane, can be 
used ü desired, giving an equivalent focus of about 20 feet. At pl'esent the telescope 
is not mounted but it is propose,d to place it on the roof of the observatory and protect 
iL with a removable cover. It can then be used for stellar photography, and for 
visitors when the large equatorial is in use, or has the spectroscope or solar camera 
attached. 

Laboratory Apparatus. 

Induction Coil and Accessories. 

An induction coil by Queen & Co., capable of giving a 15-inch spark, shown beside 
the telescope in figs. 8 and 9, is used principally for forming the spark spectra of the 
elements and more particularly for comparison spectra of the elements for radial 
velocity work with the spectroscope. A battery of six Leyden jars may be inserted to 
give more body to the spark, and to get rid of some of the air lines. Current to run 
the coil may be supplied eitber from the storage battery circuit, or from a motor 
generator set of 500 watts capacity. The coil is placed on a stand with casters, having 
a place for the condensers below, and may be wheeled about to suit the different posi­
tions of the telescope. In connection, there is also a complete set of vacuum tubes of 
the gases likely to be used in spectroscopie work, and a set of spark electrodes of the 
metals most suited for comparison spectra. 
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voncave Grating Spectroscope. 

This instrument, which was made by Brashear, is installed at the midway fl.oor. 
The grating is of 4 inches aperture and 10 feet radius of curvature, and is ruled with 
15,000 lines to the inch. It is mounted in the Rowland method, which may be shortly 
<lescribed as follows: The grating, placed in an adjustable holder, and the camera 
box of the micrometer are mounted at the two ends of a braced tube the radius of 
curvature, or 10 feet apart. The tube with these attachments is placed on two two­
wheeled carriages which are pivoted at their centres under the centres of the cameras 
and grating respectively. Each of these carriages has a grooved wheel at each end 
about 18 inches apart which run on .1. rails the upper edge of which is accurately 
planed to fit the groove in the wheel and to be perfectly straight and true. These two 
rails, each about 10 feet 6 inches long, are mounted on steel pillars about 5 feet high, 
so as to be on a level with the windows, and are placed end to end exactly at right 
angles to each other. At their intersection, and in the same horizontal plane as the 
camera and grating, is mounted an adjustable slit. The grating and camera are each 
placed normal to the line joining their centres. Light coming through the slit and 
incident upon the grating will be difuacted to a focus at the camera, and it is the 
peculiar property of this type of mounting that. different parts of the same spectrum 
or different orders of spectra will all be brought to a sharp focus in the camera by 
simply sliding the tube with its carriages along the rails. Light from the sun may be 
refl.ected through the -w.indow from a heliostat placed on the balcony outside, while 
the spectra of the elements may be obtained by refl.ecting light from the arc or spark 
into the slit from a closed chamber near the spectroscope. 

Other Lab.oratory Apparatus. 

A goed assortment of the apparatus most likely to be required in astronomical or 
astrophysical research is also available. It includes a Fuess heliostat; t-wo projection 
lanterns with electric arc lamps and with lenses, prisms, mirrors and other accessories 
for optical experiments and demonstrations; an elbow polariscope and specimens for 
use with the lanterns; a Scheiner Toepfer sensitometer for testing photographie plates, 
and a Martens polarisation photometer for measuring the densities of negatives; a 
Zeiss comparator with two micrometer microscopes, one reading on a silver scale and 
the other on the objects to be measured; a large standard resistance box and Wheat­
stone bridge for the measurement of electrical resistance; a sensitive aperiodic re­
flecting galvanometer with high and lo-w, resistance and ballistic coils; two standard 
cells for comparing electro motive forces; a W eston ammeter from O to 25 amperes, 
and a W eston voltmeter from O to 3 and from O to 1/iO volts; a Wimshurst influence 
machine and numerous smaller accessories and appliances including an out-fit of 
laboratory supports and clamps. 

Iced Bar Measuring Apparatus. 

This apparatus macle by Saegmuller of Washington and standardized by the United 
States Bureau of Standards has been received but is not yet in use, pending the con­
struction of a suitable shed to contain it. It will be described in a future report when 
it has been installed and is in operation. 

S ei.smogr'aph. 

This instrument by Bosch, of Strasburg, is arranged for photographie registration 
o.t earth movement, the principle being that of the oscillation of a horizontal pendulum. 
On two brass pillars attached to the base of the instrument, a small support is fixed so 
as to move forward and backward and ob1iquely up and down. The weight, a cylind­
rical metal piece, is bifilarly supported by two w.ires 18 cm. long which are attached to 
the before-mentioned support and incline out at an angle of about 20° to the vertical. 
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The horizontal thrust of the weight is taken by the arm of the pendulum 6 cm. long, 
whose point of support is nearly vertically beneath the point of suspension of the 
wires, and the sensitiveness can be increased or diminished by moving the point of 
suspension backward or forward. 

The weight moves freely horizontally about the end of this arm, and directly over 
the point of support is :fi.xed a concave mirror of 4 metres radius which can be adjusted 
about both vertical and horizontal axes, so as to send light re:flected from it in any 
desired direction. In order to damp the oscillations of this sensitiv., pendulum pro­
duced by any disturbance, a light aluminum tube extends back from the weight opposite 
the supporting arm. This tube carries ·a thin aluminum vane wJ:ùch swings freely, but 
without much space, in a closed case. In consequence of the resistance of the air 
which this vane encounters as soon as any movement takes place, all oscillations are 
very soon Jeisened without any mechanical friction. This damping can be .removed by 
simpl:v taking away the glass cover of the case. . 

Two exactly similar instruments are installed one in the N.S. and the other in 
the E.W. direction, so as to obtain the two components of the disturbance, and the 
mirrors are so turned as to direct the light from an electric light towards the register­
ing apparatus. This consists of a drum 90 cms. in circumference turned by clockwork 
once per hour and at the same time moved horizontally 4 cms. by a screw. The light 
from the two components makes uninterrupted traces on a piece of photographie paper 
wound on the drum so long as the pendulum is at rest, but any seismic disturbance 
causes the pendulum to oscillate, and these oscillations are at once recordèd on the 
sheet. The clockwork runs and the sheet lasts for 24 hours, giving a continuous record 
of the two components during that time, and, since the velocity of the sheet is 90 cms. 
par hour or 1½ per minute, and the pendulum is very sensitive, the most rapid oscilla­
tions will be separated, and the faintest recorded. 

Mach/Îne Tools. 

The workshop, an essential part of an astronomical observatory, especially where 
astrophysical work is carried on, is :fitted with a Hendey Norton 10-inch by 6-foot engine 
lathe, w,ith all the necessary attachments including a 10-inch 4-jaw independent and a 
6-inch 3-jaw universal chuck, and bas a set of step-closer chucks fitted to it. It is 
arranged to eut threads in either English or metric pitch and is thoroughly equipped ' 
with small tools and accessories for all work within its range. 

The Browne & Sharpe Universal Milling machine, No. 1½, will mill 20 inches long, 
7½ wide and 18 inches high. Has index centres, with method of differential indexing 
that will divide any number to 389 and many beyond, so that gears may be eut or 
circles divided with the greatest facility. It is well stocked with arbors, milling cutters, 
and a.11 necessary accessories. 

The bench lathe, by the Faneuil Watch Tool Co., is of 8-inch swing, and is sup­
plied with a 4-inch 3-jaw universal chuck, an Almond drill chuck, a set of step-closer 
chucks to ½-inch, and other accessories. 

The shafting running at 2-00 revolutions per minute is driven from the motor by 
an intermediate countershaft at 600 revolutions per minute, is supported from the 
ceiling and belted to the countershafts of the machines. Owing to the low ceiling and 
limited space, the belts are too short for the best efficiency, but have ample power for 
the class of work likely to be done at the observatory. 

A good birch workbench with drawers and two vices runs along the north wall of 
the room under the windows, and the shop is well :fitted up with shelves for storage 
purposes. 

Field Instruments. 

Besides the observatory apparatus above described there is a fairly complete equip­
ment of the field instruments required in the work of boundary surveys with others of 
a miscellaneous character. Their location in the instrument room, to whom and when 
lent, and when returned, with other details, are recorded in a card cat:-ilogue. 
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Pla ·kett-Observatory and Equipment. 

Fig. 3. - First Floor of Observatory. 
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Plaskett-Observatory and Equipment. 

~[idway Floor. Fig. 4. Roof of Observatory. 
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Plaskett-Observatory and Equipment. 

Fic. 5. - Front of Obsen ·atory. 
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Plaskett- Ob · rvatory and Equipment. 

Fig. fl. - R ear of Obrnrvatory. 





Plaskt>tt- Observatory and Equipment. 

Fig. î .- witchboard and .\ fotor-Generator. 
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Plaskett- Observatory and Equipment. 

Fig. 8.-Equatorial '.l'elescope. 





Plaskett-Observat0ry Equipment. 
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Plaskett-Observatory and Equipment. 

1:<'ig. 10. - P olar H ead of Equatorial Telescope. 





P laskett-Observatory and Equipment. 

Fig. 11. - Dri vi ng Clock. 





Plaskett-Observatory and Equipment. 

Fig. 12. -Registering Photometer and Telescope Eyepieces. 
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Sm,-I have the honour to report .as follows upon the observations pl~nned for 
the total solar eclipse of August 30, 1905. 

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

REPORT ON SOLAR ECLIPSE EXPEDITION. 

J . S. PLASKETT. 

When I was entrusted by you with the observations to be undertaken by us, 
obviously the :first thing to be done was to look over the work already accomplished at 
former eclipses and to find out >1"hat it was proposed to attempt at the present one, and 
then to choose some line of work which would not uselessly duplicate something already 
done or about to be done. 

The short d~ation of totality in all solar eclipses, this one lasting, at the chosen 
station two minutes and thirty-one seconds, must necessarily confine observations of 
the physical phenomena connected with the eclipse," and especially those dealing with 
the constitution and appearance of the atmosphere surrounding the sun, to photographie 
records. By properly devising and arranging the apparatus- a number of these may be 
made during totality which will be available for measurement and discussion at 
leisure. Visual observations and sketche& of the corona and prominences, although 
useful in their way, can only be of a general character, and the most skilful draughts­
man cannot hope to produce in his sketch one-quarter of the detail truthfully rendered 
by a photograph in less than one hundredth of the time. Similarly in regard "to the 
spectra of the reversing layer and corona. The time during which the former is visible 
is probably not more than two or three seconds and the eye cannot do more than re­
eognize the general character of the spectrum while there would not be time to measure 
the position of even one line. A photograph, on the other hand, may faithfully record 
the positions of a thousand lines, each of which may be much more accurately measured 
than one line visually. 

H ence it was thought preferable to confine the observations undertaken by us 
entirely to photographs of the corona and prominences and to photogr aphs of the 
spectra of the corona and reversing layer and to leave the visual and other observations 
to the amateur members of the party who would not be so well equipped for photo­
graphie• work as ourselves. 

PHOTOORAPHS OF TH E CORONA. 

On looking over the work already aecomplished in coronal photography and in 
ascertaining what was proposed for this eclipse, it seemed that, as far as regard photo­
graphs on ordinary plates, that is plates sensitive to light of the shorter wave lengths 
from i. 5000 down, the whole field was fairly well covered. When, however, i t came 
to results obtained or even attempted on plates sensitive to the longer wave lengths, to 
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green, yellom and red as well as blue and violet, it was quite a di:fferent story. Only 
very few, and, so far as I can learn, no carefully prepared attempts have been made 
te photograph the corona on other than the ordinary 1>lates, that is to say by c:on­
stituents of the coronal light other than the blue and violet. An analysis of the 
corona by the spectroscope shows, so far at any rate as the gaseous part, giving a bright 
line spectrum, is concerned, that the blue and violet is by no means the most important 
part, but that by far the brightest and most characteristic line is in the green about 
wave length À 5303, a region to which ordinary plates are very, and the usual ortho­
chromatic plates comparatively, insensitive. 

Hence it seemed worth wbile, in view of the comparatively unoccupied field, and 
also on account of the previous training of the writer in orthocbromatic and three­
colour work, to make a carefully prepared attempt to obtain photographs of the corona 
by light of this w.ave length. Such photographs should show the distribution of the 
so-called coronium gas around the sun's dise and, by comparing them with ordinary 
photographs of the corona of the same relative exposure, allowing for the absorption 
of the filter or screen used, we should be able to clearly separate the part due to tbis 
hypothetical gas from that due to incandescent particles and to reflected sunlight, and 
thus to considerably increase our knowledge of the constitution and relative distribu­
tion of the coronal matter. Similarly photographs of the corona by red and by yellow 
light should also, when compared with those obtained by green light, and by blue 
light, show some interesting and instructive di:fferences of structure as well as give us 
some idea of the relative intensities of those colours in the coronal light. Further, by 
properly choosing the absorptions of the screens or filters used for obtaining these 
monochromatic renderings, it should be quite possible to obtain a successful photo­
graph of the corona in the natural colours by combining the photographs of the corona 
by red, green and blue light in the same way as in the regular three-colour process. 
The negatives then would serve two purposes, one to obtain the relative intensities and 
distribution of these colours in the corona and the other to obtain a record of the 
corona in its natural colours. 

The objective to be used for obtaining these monochromatic and three-colour re.. 
~ords should be one of fairly large angular aperture, since, owing to the absorptions of 
the screens employed, the exposures required would be considerablJ increased. :More­
·over a lens specially corrected for the red and green for which it w.as proposed to use 
this objective, would be required, so that the focus for these two colours would be the 
same. A 4½-inch Cooke-Taylor photo visual objective, which we already possessed, ful­
filled these conditions fairly well and was accordingly chosen for this work. Its focal 
length of 81 ·8 inches gives a solar image about !-inch diameter and makes the aperture 
ratio fl . 

For the yellow and blue records there were no suitable objectives available and 
consideratious of economy, future usefulness, size of solar image, and mirror surface 
required, dictated the size ordered, 4-inch aperture and 10 feet focus. Further it was 
deemed desirable to obtain some photographs of the corona on a fairly large scale and 
an objective of 5-inch aperture and 45 feet focus was added to the otber two. 

The programme of photographs of the corona as fi.nally arranged for was as fol. 
lows:-

1. A series of photographs of varying exposure on ordinary plates for ibe details 
of the inner corona by an objective corrected for the photographie rays, of 5 inches 
aperture and 45 feet focus, thus giving the image of the sun a diameter of about fi 

inches. 
II. A series of photographs of inner and outer corona by two objectives of 4 inches 

aperture and 10 feet focus giving imngcs of the sun nearly H inches di ameter. One 
of these objecti vcs corrected for photographie rays to be used with ordinary plates gi v­
ing photographs by blue and violet light only ; the other corrected for the yellow and 
yellow green light and used in conjunction with a yellow screen or orthochromntic 
plates to obtain photographs hy yellow light only. 
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ID. P hotographs of the corona by red and green light through screens of a suitable 
absorption for three-eolour work. Also photographs of the corona by the monochro­
matic coronium light of wave length i.5303 through a screen constructed so as to ab­
sorb as nearly as possible all light but that of this particular wave length. These photo­
graphs to be taken by the 4½-inch Cooke photo visual 81 ·8 inches focus on plates speci­
ally sensitized for the purpose. · 

PHOTOGRAPHS OF THE SPEOTRA OF REVERSING LAYER AND CORONA. 

The reversing layer, the thin shell of incandescent gases surrounding the photo­
sphere, whose absorption produces the dark lines of the solar spectr~m was :first dis­
covered by Prof. Young in 1870, but was not successfully photographed until Shackle­
ton in Nova Zembla in 1896 succeeded in recording it upon one of his plates. Since 
then many photographs of this evanescent phenomenon have been obtained, but there 
still remains a great deal to be learned of the nature of this shell, of the gases of which 
it is composed, of their distribution throughout the shell, and finally of the relation 
between its spectrum and the corresponding dark line solar spectrum. It was hence 
determined to get as ml\nY photographs of its spectrum as possible. The spectrum of 
the corona bas also been frequently photographed but the wave lengths of its bright 
lines are still subject to considerable uncertainty. It is desirable that they be accur­
ately measured in ~rder to de:finitely ascërtain whether coronium can be identified with 
any known substance and further to learn whether any series relation between the lines 
<.:an be discovered. It• was therefore determined to obtain photographs of the corona 
spectrum with special reference to the wave lengths of its bright lines. For photo­
graphing the 'flash' spectrum the most suitable apparatus is a prismatic camera or 
an objective grating camera, while for the accurate determination of the wave lengths 
of the corona spectrum a slit spectroscope with a train of prisms, such as is used in 
radial velocity work, would give the best results. E:ence the progra=e already given 
would be added to as follows, especially as the optical parts of the apparatus were al­
ready in our possession. 

IV. Photographs of the spectra of the reversing layer and of the corona by a pris­
matie camera and also by a concave diffraction grating camera. 

V. Photographs of the spectrum of the corona with special regard to accurate mea­
surements of wave lengths by a slit spectroscope with a train of three prisms. 

INSTRUMENTAL EQUIPMENT. 

The programme of observations decided upon, it was deemed advisable before de­
signing the cameras and spectroscopes to settle upon the most efficient and economical 
means of overcoming the diurnal motion. That such a compensation is necessary wil1 
be evident when we consider ·that the sun's image in any stationary camera will move 
the distance of its diameter every two minutes. Of the two usual methods of compen­
sation, fust, that of mounting the cameras on polar axes and driving by clock work, or 
second, that of reflecting the light into stationary cameras by a plane mirror moved by 
clock work, it was early decided that the latter would be by far the more satisfactory. 
The principal reasons for this decision were, the almost absolute rigidity of the camera 
installation by the latter method as compared with its unstable and shaky position by 
the former, and also the much more convenient position of the cameras, for the neces­
sarily rapid changes of plate holders, when installed horizontally, as is easily arranged 
when fed by a moving mirr9r. 

USES OF OOELOSTAT OR SIDEROSTAT. 

The one drawback to this method lies in the greater initial cost of the siderostat 
or coelostat, as such a moving mirror is called, over the equatorial mounting of the 
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cameras. But such a consideration on]y properly applies when the conditions as re­
gards usefulness for other than eclipse purposes are equal. li, however, as I shall 
presently show, the siderostat or coelostat may be kept in constant and useful service 
at the observatory·while the equatorial mountings would be of little service for any­
thing but eclipse work such an objection will have little weight and there need be no 
hesitation in deciding upon obtaining such an instrument. 

The most important use to which such a moving mirror may be put is to form a 
stationary horizontal reflecting telescope· of long focus which may be used to great 
advantage for research work upon the sun or other celestial objects. Its advantages 
over the ordinary equatorial telescope are numerous. The image and the axis of the 
cone of light àre both stationary, the solar image may be of any size desired depending 
upon the focal length of the concave mirror, and it may be formed within a laboratory 
which if desired may be kept at constant temperature. Moreover the modern spectros­
copes and spectroheliographs, which are too heavy and cumbersome to be successfully 
attached to any equatorial, may be rigidly mounted in a :fixed position on piers for use 
with such a telescope. 

The special application of such an instrumental equipment is to be found in work 
upon the sun. One of the most important scienti:fic problems of the d'.ay is to determine 
the relation between the cyclical changes in the conditions of the sun and the meteor­
ological and climatic conditions upon the earth. But the :first step towards the dis­
covery of this relation, which is doubtless of a very complex character, must be to 
understand as thoroughly as possible the constitution of the sun. This is the primary 
object for the formation of eclipse expeditions, and it justifies the expenditure of time 
and money for that purpose. But it will not suffi.ce to confine attempts at solving this 
problem to the few short moments of totality. A combined and continued attack with 
all the forces at command is necessary, and that this is beginning to be recognized is 
shown by the grant of $150,000 for this year from the Carnegie Institution to a solar 
research observatory on Mount Wilson, California. The principal instrument in this 
observatory is a coelostat reflecting telescope, and the installation of sucli a telescope, 
of which the most important part is the coelostat or siderostat, and the work in which 
it may be used, which promises, above ail other astronomical work, the most direct 
bene:fit to mankind, seem to be eminently suited to a national observatory. 

These considerations, with the decided advantages of the coelostat or siderostat 
over the equatorially mounted cameras for eclipse work were deemed more than suffi­
cient to compensate for its greater initial cost, and, when the matter was laid before 
you in this way, you decided upon purchasing such an instrument. · 

PRINCIPLES OF SIDEROSTAT AND COELOSTAT. 

There are two general types of clockwork driven mirrors, the siderostat or heliostat, 
and the coelostat. In order to render the choice of the latter type intelligible, it seems 
:rreferable to explain, as briefly as possible, the principles of their action and the 
mechanism producing their motion. 

The siderostat or heliostat, according as the clock is rated and the instrument used 
for the stars or sun, consists, es entially, of a plane mirror pivoted to move freely 
around both vertical and horizontal axes so that a rod rigidly attached normally to the 
back of this m)rror can be made to point or move freely in any desired direction. This 
direction Ïi; governed by the rotation, once in 24 hours, of an axis, parallel to the axis 
of the earth, to the end of which is attached a rod making an angle w.ith the polar axis 
ccrresponding to the polar distance of the celestial obj(.ct. At the outer extremity of 
this rod a universal joint carries a collar which slides freely, yet witbout play, over 
the normal rod before-rnentioned. When a simple geometrical relation between the arms 
of this le,er s;ystem is fulfilled, the light from the cclcstial body is reflccted in a :fixed 
direction which may, within limits, be varied at pleasure. Theoretically the arrange­
ment le:n•r><s nnthing tn he rlP~irPèl. but, from a mechanical stnndpoint, the nicety of 
workm::mship rcquired in the sliding collar and universal joints is so delicate, that, so 
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far as I can learn, a smooth and even running sidcrostat has not yet been made. The 
trndency seems rather to go by jerks which, although minute, are fatal to fine de­
finition in long exposure photographs. The sidcrostat possesses the further drawback 
of rotation of field, one point only being :fixed .,hile the rest of the field hâ.s a slow 
motion of rotation around this point. 

The coe1ostat both optica1ly and mechanically is a much simpler instrument than 
the siderostat. It •consists of an axis, parallel to the earth's axis, having a motion of 
rotation once in 48 hours, and carrying a mirror with its plane in or parallel to this 
polar axis. Evidently the direction of the reflected light depends on the declination 
of the celestial body; and the instrument bas the disadvantage of requiring different 
positions of the observing telescope for different objects, or for objects whose declina­
tion varies such as the sun. In all other respects, mechanical simplicity, no slidin~ 
collars, or universal joints, no rotation of field, the coelostat is superior to the sid­
erostat. 

The change of direction of the reflected light with the change of declina!ion does 
not give rise to any difficulty in eclipse work, as the apparatus may be set to suit the 
dcclination of the sun at the eclipse. The rate of change of declination is so small as 
to be imperceptible in the position of the image for a much longer period than the dur­
ation of totality. By the addition of a second adjustable mirror, this drawback may 
be overcome and the instrument may be adapted for observatory purposes with a sta­
tionary telescope. When, in addition, the cost of the coelostat is considerably Jess than 
that of the siderostat, the question practically decided itself in favour of the former. 
The questioo nf size of mirror required now cornes up for consideration. Not only 
must the apertures of the objectives be taken into account, but also, as far as the cam­
eras are concerned, the· size of plate. Since the axes of all the instruments fed by the 
mirror must be paraUel, the centres of the objectives cannot be placed nearer one an­
otber than the centres of tbeir corresponding plates. It was decided, from considera­
tions of the probable extensions of the col·ona, to use 4¾-inch by 6½-inch plates for the 
pboto-visual 6¼-inch by 8¼-inch for each of the two 10 feet focus lenses while the ob­
jective end of the 45 feet focus would require a space about 8 inches square, the grat­
ing camera about 5 incbes square and the prismatic about 3 inches square. A draw­
ing of the be t possible arrangement of these instruments, and as they were finally 
placed, is seen in fig. 5. Allowing a little margin for the extension of the field due 
to the distance between rnirror and objectives, and for the diminution of effective aper­
ture, due to the inclination of the plane of the mirror at the time of eclipse, it is seen 
that 20 inches diametei· is the minimum size that will complete]y fill the objectives. 
Since this size wben used witb a secondary plane mirror of the same diameter will com­
pletely fill a 15-incb concave even under unfavourable conditions, and will, during the 
greater part of the time it is likely to be used, near1y fill an 18-inch concave, it was 
decided to obtain a coelostat with a 20-inch mirror. 

It is unnecessary here to go into the motive; that governed the general design of 
the coelostat, as the instrument has proved very sui table for the -w,ork required of it, and 
as the details appear in the description of the instrument. One essential point, 
'however, was that no part sbould mucb exceed two hundred pounds in weight owing to 
'difficulty of transport in a rough country. This stipulation was adbered to except in 
the case of the lower section of the column, wbich weighed about 350 pounds, but was 
not essential to the working of the instrument, and could be left at" home if desired. 

DESCRIPTION OF OOELOSTAT. 

The photograpb, fig. 2, exhibits fairly well the general design of the instrument. 
The mirror, not sbown in the photograph, is about 20½ inches diameter and :n inches 

thick, silvered on botb front and back surfaces. It rests in a circular cast-iron cc11 pro­
vided, as sbown, with Ritchey's system of counterpoises for preventing flexure. Thic; 
cell has at each end of a diameter two steel shafts, firmly attached to the cell and ex-
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tending out some distance beyond the bearings to carry the driving sector at the north 
end, and with room at both north and south ends for a 10-inch or 12-inch mirror. A 
cell to carry an 8½-inch concave mirror, which we already possessed, was provide<l and 
furnished with damps and slow motions in right ascension and declination: this cell 
being shown on the south end of the polar axis. 

'.1.'he bronze bushings, in which the axis and cell turn, are set in receptacles with 
screw caps at each end of a heavy cast semi-circular sector provided with a graduated 
arc, and a worm screw gearing into a circular rack fastened to the sector. By turning 
the worm, the sector rotates in its bearing on the upper part of the colunin, and the 
axis can be set at any altitude from 0° to 60°. Thus the instrument can be used at any 
place between the equator and 60° north or south latitude. Set screws are provided 
to rigidly clamp it in position when once set. 

Below this polar head is the middle section of the column which also acts as clock 
case and is provided with a glass door at each side for convenience of access to the clock 
mechanism. The clock is of the ordinary type of conical pendulum, the rate hein~ 
varied by lengthening or shortening the pendulum arms, this being effected by screw.­
ing the balls up or down, a Iock nut serving to :firmly fix them in the desired position. 
The braking is done by a knife edge on the pendulum arms engaging, when the balls 
rise, with arms attached to a friction dise rotating concentrically with the spindle. 
The motion is communicated through the clock train by bevel gears to a short shaft 
which again gears into a shaft containing a di:fferential gear mechanism which serves 
to give a slow motion to the mirror. It is actuated by a cord passing around a grooved 
wheel, which can be led, through holes in the end of the column, in any desired direc­
tion, and to any required distance. From this shaft bevel gears transmit the motion 
to a connecting 'rod passing up through the column to the driving worm and sector. 
Two sets of gears on the end of the connecting rod and worm, either of which can be 
engaged as desired, give the mirror ~ motion of rotation of once in either 48 or 24 
hours. With the former the instrument acts as a coelostat, and with the latter rate, 
and a plane mirror on either end of the polar axis, it could be used as a polar heliostat. 
The driving sector bas an arc of 45°, and is hence long enough with the coelostat 
motion to drive for six hours without turning back. 

The lower or base section of the column tapers by graceful curves from 34 inches 
by 36 inches at the bottom to 20 inches square at the top. It is provided with screws 
for adjustment in azimuth, and "1>,ith removable doors at each side to give access to the 
clock weights. The height of the instrument to the centre of the mirror is 5 inches, 
and it is thus fairly compact. 

The arrangement of the details is very convenient and serviceable, while the work­
manship and finish are excellent. Of the mirror, Dr. Brashear says it is probably the 
best they have made, the radius of curvature being not Jess than 500 miles. We may 
rest assured that it cannot be excelled anywhere, and that the instrument should give 
excellent results in solar work. 

TUE CAMERAS (GENERAL) . 

The camera boxes, whose general construction may be readily obtained from the 
illustrations (:6.gs. 5, 8, 10), were designed to be as compact as possible, practically 
the same external dimensions 11s the plate holders, in order to economize mirror 
surface and were made with parallel si8.es w,ithout projections for the same purpose 
and for convenience in mounting. The bodies were made of whitewood, panelled in 
the larger sizes to prevent wl.lrping, with backs of birch or cherry, while the objectives 
were mounted in short boxes made to telescope into the cameras f~r adjustment to 
focus. Each of the boxes was lincd throughout the interior with black velvet to pre­
vent reflections, as, owing to the small size of box and large size of objectives, it was 
impracticable to place diaphragms in them. 

Instead of arranging the plate holders to slide in and out of grooves in the camera 
backs, which occupies too much time in the changing or reversing of holders, par-
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ticularly with the large sizes, the backs were made with a groove at the bottom as w,ide 
as the holder was thick and a spring catch at the top, so that, to insert a plate holder, 
it could be simply dropped into the groove and then shoved forward, forcing up the 
catch at the top until it came to its seat, when the catch would drop, holding it in 
place; while to remove the holder all that was necessary w.as to pull it back with one 
hand while the catch was lifted with the other. Oare was taken to have a thorough 
light-break all around the holder, so that there would be no danger of fog. It was 
found that this arrangement worked admirably, saving considerable time in changing 
holders. 

The exposing devices were simple flap shutters of -aluminum, blackened all over, 
and worltjng on a simple hinge. A cord attached to a lever fastened to the shutter 
was led back through screw eyes to the operator, who thus exposed with one hand the 
instant he had drawn the slide with the other. This scheme insured saving of time, 
prevented crowding and confusion, lessened chances of spoiled plates, and besicles only 
required half the assistance necessary for exposures made by a second person. In the 
long focus and Oooke cameras, in which the shutter was light, a small rubber band 
attached to the shutter and stretched over a screw at the side of the camera box insured 
the quick closing of the shutter besides forcing the metal shutter to strike against the 
cell of the objective, making an a~dible click which served to tell the operator without 
looking that the shutter was working properly. This w~s especially necessary in the 
case of the 45 foot camera, as the operator could not see the shutter. 

The 45-foot Camera. 

The objective as before stated was of 5 inches aperture and nearly, as appeared 
1ater, 45 feet 4 inches focus. It was made by Grubb, of Dublin, and was corrected for 
the blue and violet light, to which the ordinary photographie plate is most sensitive. 
A Jens of this focal length will give an image very closely 5 inches in diameter, and 
since it was intended primarily for the inner corona it was considered that plates 14 
inches by 17 inches would be of ample size to receive anything that could be obtained 
with a lem; of the aperture ratio f 108 in the exposure time allowable. Owing to the 
length of focus it was impracticable to make the camera in one piece, and in conse­
quence the two ends were made of wood, and the centre section of black cloth stretched 
over a light wooden frame work. The objective end was made 9 feet long so as to pro­
'ject far enough over the back of the 10-foot cameras for the cloth section to be out of 
the way of the operator. It was made about 8 inches square outside and 7 inches in­
side. This was the smallest dimension allowable to permit the full pencil of light from 
the objecti1·e to reach the edges of the plate without obstruction. The plate end was 
made 16½ by 19.½ inches and 30 inches long, and was attached rigidly to the framework of 
thé centre section ; its sides were panelled to prevent warping anù shr inking of the 
wood. 1 hc construction of the centre section will be described more particularly whC>'.1 
I corne to speak of the erection of the installation. 

The 10-foot Focus T win Camera. 

Two objectives each of 4 inches aperture and 10 feet foces were obtained from 
Grubb. One of the.se was corrected for the blue and violet light to be used with ordin­
ary plates and the other correctcd for wave length ,\5500, in the yellow green, to hc 
used in conjunction with a yellow screen on yellow sensitive orthochromatic plates. 

The equal focal length and aperture of these objectives readily permitted them 
to be mounted side by side, us1ng two plates in the one holder forming a twin camera. 
'This requires Jess IIIlirror surface since the objectives can be plnced nearly two inches 
closer together than if the cameras were separate, and also the services of one operator 
may be dispensed with. As it should be possible to obtain the outer corona with ob­
jPctives of their ape rture ratio f30, and an exposure of 30 or -l.O seconds, ni \,y ½ plates 
were considered the most suitable size, making the plate holdcr ! by 1:} inches inside 
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n,easurement. The camera box was made 10 inches by 15½ inches, with a thin partition 
clown the centre, and each half at the objective end was provided with a telescoping 
tube :for adjustment to focus; all four sides of the box were panelled to prevent warping 
,wc: twisting and it was lined all over inside with black velvet like the others. A recess 
was made in the back of the camera, containing the lens corrected for the yellow rays, 
te- ]· old the screen which thus worked qui te close to the plate. 

The Cooke Camera. 

The objective which, as before stated, was of 4½-inch aperture and 81 ·8-inch focus 
was to be used for obtaining tri-colour red and green and monochromatic green photo­
graphs of the corona, and since, owing to the absorption of the screens, the exposures 
for the same actinie effect would be much increased, a plate 4¾ inches by 6½ inches 
would be of ample size to accommodate all possible extensions around a I -inch image. 
The camera box was made similarly to the others, of whitewood, with a telescoping 
objective box for focussing at one end and a spring catch plate holder attachment at 
the other. A recess at the back was arranged to hold the screens, and provision also 
made for readily changing them. 

THE SPECTROSCOPES. 

The spectrum of the reversing layer was to be photographed by a concave grating 
and a prismatic camera. In these instruments no collimator is used, the thin shell or 
crescent of the gases surrounding the photosphere acting as a curved slit sending paral­
lel light, in the one case, to the concave grating which diffracts the light and focusses 
it at the same time, forming the spectrum, and, in the other case, to the prisms which 
disperse the light, images of the crescent being formed in the focus of an objective 
placed just behind the prisms. 

The Concave Grating Spectroscope. 

The grating to be used is the dispersing part of a concave grating spectroscope of 
Rowland form and is of 4 inches aperture and 10 feet radius of curvature having a 
ruling about 3½ inches long and 1½ inches wide of 15000 lines to the inch. The manner 
in which this grating was to be used, i.e., with parallel incident light, is quite different 
from the usual or Rowland way with slit, grating and° camera on the circumference of a 
circle, and has been very strongly advised against by Wadsworth, Ap. J. XVIII., p. 77, 
who says the ufüymmetrical aberrati~~s are so great, except near the axis, that measure­
ments made with it are untrustworthy. He supports this statement by mathematical 
calculations and by tables showing the amount of error introduced by gratings of 
different angular apertures at different distances from the axis. Even grauting this to 
be so, although experiments here do not give so large an aberration, the error in the 
greater part of the length of spectrum used would be exceeding]y small, and in the 
central three or four inches from À.4000.:....... À5000 practically zero. Gratings used by 
Wadsworth, and by Frost, and by )fohler and Daniel, at the total eclipse of 1fay 2S,. 
1900, gave poor results, but W adsworth's failure was due to tbe excessive angular aper­
ture of his grating, and the others were due to defective focussing, and to their use of 
a fiat plate, which could only be in sharp focus over a small portion of the curved focal 
field. In the case of the grating under consideration, however, the angular aperture is 
only ·43 of that of Wadsworth's and the aberrations would only be (·43) 1 or r1-i- while 
it was determined to use n plate or film cuned to correspond to the form of the field, 
and hence to overcome the difficulties by the observers just mentioned. , 

.Accorcling to the theory of the concave grating the focal curve, wheu used with 

Parallel incident light, is represented by the equation r = 
1 

/' . which for small + t'US 1 

distances from the rixis is approximately an arc of a circle with a radius 1 that of the 
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grating. However, it was determined to try the grating experimentally, not only to 
examine the aberration away from the axis, but also to test the focal curve. Since it 
w.as impossible to use the grating in the same way as at an eclipse, with a thin crescent 
in the heavens, it was necessary to use a slit and collimating lens. The Cooke photo­
visual objective, owing to its property of bringing all the coloured rays to the same 
focus, was very suitable for this purpose, and its tube was fitted with a slit in place o:f 
the eyepiece, which was brought into the :focal plane of the objective by examining the 
image o:f a star or very distant terrestrial object between the slit ja-ws with a high 
p(.lwer eyepiece, and adjusting the focus until both slit and jaws were equally sharp. 
The grating was mounted on a large table in its adjustable holder, and the camera 
box o:f the spectroscope was also mounted abo11t 5 feet distant on the same table. The 
grating was turned in azimuth until its axis or the normal to its surface passed through 
the centre o:f the camera box. The telescope tubé or collimator, using the carbon arc 
as the source o:f light, was then shi:fted to the proper angle, about 17°, to get the correct 
range o:f spectrum in the field. The first order spectrum on one side was especially 
bright, and the grating -w.as turned so as to use this spectrum. The camera box, placed 
at right angles to the axis, was moved until the spectrum at the centre, examined 
through a high power positive eyepiece, was pe1~fectly sharp. The position marked, the 
eyepiece was moved a short distance to one side, focussed and then again marked. This 
was continued until the positions of sharp focus for various points in the spectrum up 
to 4 or 5 inches on each side of the axis had been determined. 

When these positions were plotted on paper, and a curve drawn through them 
(fig. 1), it was seen that the difîerence between the experimental positiorui and the 
arc of a circle of 30 inches radius was well within the limit of accidental error, and it 
was decided to make the plate or film con:form to an arc of this radius, especially as this 
agreed with the :focal curve given by the mathematical theory. In focussing the grat­
ing, the definition was carefulJy observed, and it was considered, in the writer's estima­
tion, to be decidedly bett'er than that which would be allowed by aberrations o-f the 
magnitude mentioned by W adsworth. A photograph o:f the spectrum o:f the car bon arc 
reproduced in fig. 1 which was taken after the camera was completed, and was one o:f 
a series used to test the focus, confirms this opinion, and the chances of obtaining 
use:ful and accurate results with the grating used in this way, when properly adjusted 
and :focussed, are extremely good. I:f, however, the spectrum was examined more than 
4½ inches or 5 inches from the axis the definition rapidly deteriorated, and as the range 
o:fi spectrum given in a length of 9 inches was from À3800 to À6000, considerably 
longer than could be obtained on any commercial orthochromatic plate with a reason­
able exposure, it was decided to limit the length to this value, and to design the camera 
accordingly. 

The flash or reversing layer, "Whose spectrum was desired, is of such a transitory 
character on or near the centre line o:f totality, that some means of making exposures 
in rapid succession is absolutely necessary in order to give a reasonable chance o:f 
obtaining it. The image o:f the sun given by the grating is ft inches in diameter, and, 
as the distance between the horns of the crescent will probably be less than the solar 
diameter, the width of the spectrum will probably not exceed ½-inch. In such a case 
the method of making a number o:f spectra side by sicle, by simply sliding the plate 
holder the necessary distance between exposures, was chosen as ofîering the simplest 
and most direct solution of the problem. The focal curve, a cir.cular arc of 30 inches 
radius, was too steep to use plates, so films were chosen and the plate holder and sliding 
mechanism were designed accordingly. The number o:f exposures required w,as nine, 
one each on the solar cusp be:fore and a:ftèr totality, one long exposure on the corona 
during totality, and three each on the 'flash' immediately after second and be:fore 
third contacts. This fixes the size of the film at 9 inches by 9 inches, whi1e the focal 
length 5 feet fixes the length, and the angle 17° to include the required range of 
i;ipectrum the centre lines of the camera box. The photograph of the rehearsal gives a 
fairly good idea of the design of the camera complete. It consists o:f two intersecting 
tubes, the one 4 inches square inside, admitting light to the grating placed at the end 



222 DEPARTMENT OF THE I NTERIOR ix 

5-6 EDWARD VII. , A. 1906 

of the two tubes. At this end of the box is a removable cap on the side to insert the 
grating, which is pressed lightly yet :firmly by springs against three adjusting screws 
passing through the end of the box. The light, after diffraction, passes along the 
second tube to the sliding plate holder at the other end (shown in fig. 8), where it is 
brought to a focus on the film. The plate holder attachment telescoi,cs into this tube, 
and slides in and out for adjustment to focus. The plate holder itself moves back 
and forward aèross a slit 1 inch wide and 9 inches long, in the centre of the end of 
the back, which is opened and closed on the inside of the camera by a velvet covered 
ftap shutter, actuated by a knurled wheel at each side of the attachment. The move­
ment of the plate holder is given by two pinions gearing into rack on each side of the 
holder. These pinions, connected by a rod, and having knurled wheels at each side for 
turning, are of such a size that one-third of a revolution moves the plate holder exactly 
l inch. A spring • catch, entering three equidistant notches in the circumference of a 
small wheel on the pinion shaft, fi...--i:es the necessary angular movement of the pinions 
and the corresponding linear movement of the plate holder. In making exposures the 
right. hand at one side of the box may turn the wheel moving the plate holder while 
the left band at the other side exposes by turning the shutter wheel, or vice versa, 
enabling expo ures to be made in quick succession. 

The plate holder is curved on the inside to an arc of 30 inches radius, and the 
film_ is held in contact with it by three or more narrow, steel strips which spring into 
grooves on each si le of the holder close to the film, and are o spaced as to corne in the 
unoccupied intervals betW€en the spectra. The whole arrangement worked admirably 
at the rehearsal , and there is no doubt that it would have behaved well during the 
eclipse. 

The Prismatic Camera. 

As the two single flint prisms of the universal spectroscope of the observatory 
were not required in that instrument, which used as dispersing mrdium the train of 
three prisms, it was decided to employ them in front of an objective for the same pur­
poses as the grating spectro cope, to photograph the pectra of reversin 00 layer and 
corona. The prismatic camera, owing to the loss of light in the various spectra given 
by a grating, eau easily be made to give more intense spectra than a grating camera, 
and it was hoped with this instrument to get some details that the former could not 
~cure. The prisms were two inches in height with a length of face su:fficient to make 
a square field end in consequence an objective of 2½-inch aperture and 30 inches focus 
corrected for the photographie rays, was obtained. The minimum deviation for the 
central ray through the two prisrns was 1n6°. and a simple box, shown in fi?. 10, adapt.ed 
to hold the prisms and objective and to send the dispersed light at this angle to a slid­
ing plate holder, similar to that on the grating camera, was designed and constructed. 
The focal field of the lens was found e:iqierimentally to nearly coïncide with an arc of 
15-inch radius, and the back of the plate holder was curved according]y, while the film 
5 inches by 6 inches in size for 9 exposures on a spectrum ¾-inch wide was held to the 
curve in the same way as in the grating camera. The general design of this camera 
may be obtained from the phr.tograph and tlrawing reproduced in figs. 10 and 5. 

Th e , .lit 8pec/roscope. 

With this instrument, more particularly described under the observatory instru­
ments, and used with the train of three.prisms, adjusted to give a spectrum from D to 
boyond G, it was iutentled to photograph the coronal spoctrwn for the pw-po e of obtain­
ing aecurntc measures of the wave kngth of its bright lin s. A clinphrag-m wa,; mnde to 
placr in front of tlw slit. so that in one position the coronal f:pcctrnm coulrl bP photo­
graphed in the centre of the plate, and when moved to a stop a comparison spectrum of 
tlw sun wou 11 hl' phnt-iirrnplwcl on < ach ;,:ide of the eoronal ,;pC>ctrmn. The liizht for this 
spectro;;copP wn~ to corne from a conca,·e mirror of ½-inch aperture and 6 feet focus 
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placed on the south t:>.nd of the coelostat =is. This mirror formed an image of the sun 
on the slit of the spectroscope, which was attached to its adapter so as to be easily ro­
tated in position angle without altering the position of the slit or the angle of inclina­
tion of the collimator axis. 

1'1:IE PHOTOGRAPHI<: PLATES. 

In order to insure the best possible results from the instrumental equipment, a 
proper selection of the most suitable plates for their respective purposes is most 
essential, and especially is this the case for the monochromatic photographs of the 
corona. 

The Ordinctry Plates. 

The ordinary photographie plate, that sensitive to what are ordinarily called the 
actinie rays, the blue, violet and ultra violet light, is the kind adapted for use with the 
45-foot and one of the 10-foot focus objectives, which are corrected for this region of 
the spectrum. But of ordinary plates all are not equally suitable, and they must be 
chosen to give the best results in the particular service for which they are employed. 
The corona, photographically is rather a difficult object as the light intensity of the 
inner corona is many times greater than that of the outer corona, which is itself con­
siderably brighter than the extensions. Hence in an exposure long enough to give de­
tail in the outer corona, the inner corona will be much over-exposed, and in order to 
prevent halation troubles on the dark background of the moon, it will be desirable to 
use a non-halation plate. Tp.e best type for the purpose is undoubtedly the double­
coat~d plate with a rapid emulsion over a slow, thus promising more successful render­
ings of the strong contrasts of the subject. The Seed N onhalation plate w.as chosen 
for this purpose, as it not only bas a very high sensitiveness, the outer emulsion being, 
by the kindness of the makers, '27 Gilt Edge,' but it also has a very fine grain, as the 
experiments of R. J. Wallace, Astrophysical Journal XX., p. 113, have shown. In 

· addition it was proposed to use, for some of the shorter exposures on these two cameras, 
the Ilford Monarch, backed to prevent halation, a new plate of exceptional rapidity 
combined with very ·fine grain and freedom from fog. Thus the choice of plates for 
this portion of the work was a comparatively simple matter, but it was quite another 
question when it came to the plates required for the monochromatic photographs of 
the corona. 

The Oolour Sensitive Plates. 

Plates were required sensitive to four particular regions of the spectrum; to the 
~ellow green ,\5500- .\5800, for photographs by the visually corrected 10- foot focus 
objective; to green À5303 for photographs by the light of the principal coronium line; 
to red, À5900- À7000, for photographs of the corona by red light and for the red three­
colour record negative; to green À.4900- À5900, for the green three-colour record 
negative-the blue three-colour record to be obtained from one of the negatives on 
ordinary plates. I 

Since, as is well known, the ordinary plate is only sensitive to light of shorter wave 
length than M000,-it is only by very proknged exposure that the range can be ex­
tendccl further into the green-such a plate will not answer for any one of thcsc four 
purpose . 

On the other hand the regular commercial orthocbromatic plate, usually sensitized 
with erythrosine, bas, generally speaking, t'l>o bands of sensitiveness, one due to the 
silver bromide from À5000 clown. and the oiher due to the special sensitiscr employed 
from À5500- A5 00. This type of plate wLll answcr admirably for the first range 
specified, but will again be entirely useless for the other tbree. A reference to the 
literaturc on the subject of orthochromatics did not re>nrl e>r rnuch assi,;lanC'C' as no prc­
cise agreement seemed to exist as to the range of sensitiveness given by different dyes; 



224 DEPARTMENT OF THE INTERTOR ix 

5-6 EDWARD VII ., A. 1906 

further, 1 could find no published results in regard to the sensitiveness of commercial 
plates, which it was desired to use on account of convenience and reliability, if a suit­
able make could be found. 

It seemed, therefore, not only desirable but necessary to experiment myself with 
ail the available brands of commercial plates, and also with plates stained w.ith those 
dyes for colour sensitising, which from the experience of others promised the most 
hopeful results. To this end, a box, cabinet size, of every commercial orthochromatic 
plate obtainable in England and the United States, with some of French and German 
manufacture, was obtained, and a small quantity of each of the probably useful dyes 
was likewise procured. 

As the light to be photographed at the eclipse cornes, primarily, from the sun the 
solar spectrum is· certainly the most suitable to test the colour sensitiveness of the 
plates. The Brashear Universal Spectroscope of the observatory is admirably adapte<l. 
for the purpose of photographing spectra, and was accordingly employed in the tests. 
Although the prismatic spectrum does not correctly represent the distribution of the 
coJ.ours, as the blue and violet are too extended and the red and orange too condensed, 
still the greater 'convenience, its freedom from overlapping spectra, and its more general 
use in this regard, led to its choice in preference t9 the spectrum from a grating. The 
train of thl'ee prisms gave too much dispersion to include suflicient range, and the 
single dense flint prism, moved sufficiently out of its position of minimum deviation 
to include just the desired range, from i. 7000- )3900, or from C to K, was employed. 
As the most convenient and suitable means of obtaining a uniform intensity of sun­
light on the slit, the spectroscope was attached to the equatorial telescope, and to reduce 
the quantity of light and heat to a reasonable amount the objective "\\,as diaphragmed 
down to 3 inches aperture; the sun's image being focussed on a piece of ground glass 
close in front of the slit to insure the complete filling of the aperture of the collim.ator. 
Uniform exposures for all the plates tested were given by a Thornton-Pickard roller 
blind shutter attached in front of the ground glass. Thus a comparative estimate of 
the ahsolute as well as the relative colour sensitiveness of the plate tested can be 
readily obtained. To save time and plates, a diaphragm with four openings was made 
to slide in front of the slit so that four exposures could be given, and four spectra 
could be made side by side on the same plate. With exposures of ½;;, i; ~' ¾, 2, 4, 8. 
20 seconds, negatives were obtained serving admirably for comparison purposes. The 
great range of exposure given in each kind of plate showed much more readily and 
clearly than a single exposure could t~ relative colour sensitiveness of the various 
plates. Fig. 3 gives a reproduction of a few of the typical spectra and from these a 
general idea of the re1ative usefulness of the di:fferent plates may be obtained. 

Plates Sensitive to Yellow Green J. 5500- i. 5800. 

For the first range of sensitiveness specified, from À5500- A5 00 a number of plates 
were found to satisfy the required conditions and of these the most sensitive to the 
ycllow green were, the Ilford Rapid Isochrom, the Edwards Snapshot Isochromatic, 
the Cramer Instantaneous Isochromatic and the Seed Orthochromatic. A further com­
p·1rati\-e test of these plates, with and without a yellow green showf'd that, although 
n li fonr gave hi,!!h sensitivcness to. the yellow green, the CrnmC'l' In tantaneous Iso­
chromatic wns probab1y the bc~t and it was accordingb· choscn for the purposP. Fi/?. 
3 shows exposures of :l second on the Cramer and I!ford plates without and with 
sc-reen~. 

Plates Sensitive to Coronium Light 1 5303. 

As regards this region in the spectrum no commercial plates tested were found to 
be sufficiently sensitive to give any hope of useful results, if employed to obtain photo­
graphs of the corona by this light. The best were the Cadett Spectrum, the Hammer 
Orthochromntic and the Mawson Orthochromatic B. Spectra on those plates are 
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reproduced in fig. 3, and it can readily be secn, if the region around À5300 were solely 
employed, that very little impression would be made on these plates. I had hope<l, be­
fore the tests wcre made, to find a plate having, besides the usual bands in the blue. nnd 
the yellow green regions, a strong band of sensitiveness with a maximum about i 5300. 
The Hammer Orthochromatic shows traces of such a band but it is by no means su:ffici­
cntly pronounced. If such a plate had been found, the difficulty of ruaking a suitable 
scrcen, of which more anon, would have been considerably lcssened. 

The original method of sensitising plates, by bathing ordinary plates in weak 
solutions of certain aniline dye stuffs, commercial plates being prepared by incorporat­
ing the proper quantity of the dye in the emulsion, still remained to be tried. 
Ilundreds, I might also say thousands, of aniline dyes have been tested as colour 
sensitisers, and of these scores have been recommended as useful for the purpose; but 
the most contradictory results have been obtained by different experimenters with the 
same dye. As it was hopeless, in the time at disposa!, to attempt to repeat ail these 
expcriments, it was determined to choose those dyes that were specifically claimed by 
reliable authorities to sensitise in the required region. By far the most systematic 
and thorough experimenters in this field are Eder and V alenta, who between 1884 and 
the present time, have tested and tabulated the cffects of several hundred dyes used as 
sensitisers for dry platE)s. Of this number perhaps a dozen gave reasonable promise of 
fulfilling the required conditions, and saruples of these were procured and tested. 

These may be divided into three classes:-
1. Certain yellow. dyes claimed to sensitise in the green. 
2. Dyes rendering plates sensitive to red. 
3. Dyes rendering plates sensitive to ail the spectrum colours, or panchroruatic. 

The fust class among which were Titan, Canary and Cotton Y ellow from Holliday, 
Nitrophenine from Clayton, and Thiazol Yellow from Bayer proved very disappoint­
ing. Eder and V alenta have published spectrograms made on plates sensitised with 
these colours showing a closed band between D and G with a maximum about E. The 
results of the tests made here seemed to indicate either that the dyes used were not the 
same or that such spectrograms must have been the result of considerable over-exposure, 
as the only effect of the dye seemed to be to diminish the violet sensitiveness, and to 
displace the blue slightly tow-.ards the green, while in no case did it get beyond b except 
with very prolonged e1q)Osure. A spectrum showing the effect of one of these dyes 
as a sensitiser is reproduced in fig. 3. The second class although sensitising for red, 
gave no useful effects in the green where it was required, and they were accordingly 
dismissed in favour of the panchromatic sensitisers of the third class. 

Three of these, Ethyl Red, Orthoclrrom T, and Pinachrom, all of the same group 
of chinaldin-cyanin derivatives, the German narue of Orthochrom T, being p-Tolu­
chinaldin-p-Bromchinolincyaninaethyliodid gave ver-y promising results. Plates, care­
fully sensitised and handled, were tested, all showing that the last-mentioned Pinachrom 
(from Meister, Lucius and Brüning, Hochst am Main) was on the whole the most 
satisfactory, giving considerably more sensitiveness and Jess liability to fog than the 
other two. As the reproduction fig. 3 shows, the band of sensitiveness is nearly uni­
form from C to H , with traces of three maxima, one at or above D, one at E, and the 
third in the silver bromide region between F and G. Three different makes of rapid 
ordinary plates were tested with Pinachrom, the Lumière Extra Rapid, the Seed 'R' 
and the Ilford 'Monarch.' Of these the Seed showed slightly more tendency to fog 
while the Lumière was decided1y less sensitive than the Monarch. The latter was also 
more rapid than the Seed. 

An Ilford Monarch plate stained with Pinachrom is very wel1 suited for photo­
graphing by 1ight of wave length , 5300 being about ten times more sensitive in that 
region than the best of the commercial plates, Cadett Spectrum or Ilammer Ortho­
chromatic. When used with a suitable absorbing screen to prevent the other colours 
fr m acting on the plate, the chance of obtaining a record of the distribution of 
coronium is very good, as the probable increase of exposure required is only about 25 
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times that on ordinary plates and this is well within the allowable limit with a lens of 
fairly large aperture. 

A Pinachrom sensitised plate gives also excellent panchromatic affects and is 
hence very suitable for photographing the spectrum or for three-colour photography. 
Outside of the application of the former in general spectroscopie work it has also a 
direct bearing on the work to be done at the eclipse for the photographs by the three 
spectroscopes -were to include the range of spectrum for which Pinachrom sensitised. 
An Ilford :Monarch celluloïd film was sensitised and tested in the concave grating 
objective camera using the carbon arc as the source of light and a reproduction of the 
spectrum obtained is given in fig. 1. It will be seen that it is not only entirely free 
from fog but also gives, taking into account the greater intensity of the carbon light 
in the violet and ultra-violet, a spectrum remarkably uniform in intensity from 
À6100 to À3800. It was proposed, therP.fore, to use Monarch films sensitised with 
Pinachrom for the Prismatic and Grating cameras and Monarch plates similarly 
sensitised for the slit spectroscope. 

For plates sensitive to the other two ragions required, in the red and green for 
the three-colour record negatives no plates tested were one-tenth as sensitive as those 
stained with Pinachrom and there was hence thought to be a very good chance of ob­
taining successful negatives. Indeed there had been no intention of trying to obtain 
such records, as it would be practically hopeless on the commonly used plates, until 
the tests of Pinachrom sho-wed its special suitability for the purpose. 

THE FILTERS OR COLOUR SCREENS. 

As it is impossible to obtain photographie plates sensitive only to the required 
region of the spectrum, some sort of absorbing medium is necessary for each of the 
four r anges specified above to prevent light other than the desired colour from reach­
ing and acting on the plate. Such an absorbing layer usually a transparent coloured 
substance, generally called a colour screen or filter may be made in various ways. It 
may be of coloured or stained glass; it may be a coloured liquid in a glass cell; or it 
may be stained collodion of gelatine films. Whatever form it may take the tint must 
be uniform throughout, and, to prevent distortion, it must be contained within plane· 
and parallel glass walls. If coloured glass could be procured of the desired absorption 
it would be preferable to any of the other forms as it could be thinner and would not 
fade as some stained films ·are liable to do. Unfortunately, however, the range of 
absorptions obtainable in coloured glass is very limited and in several of these the 
colour is not pure but so mixed with black as to exercise a general absorption as well 
as in the special region for which it is adapted. This, of course, diminishes the in­
tensity of the light and unnecessarily increases the exposure. Ooloured liquids con­
tained in glass cells can easily be made of any required absorption, but they are so 
troublesome and dirty ow,ing to evaporation and to spilling of the liquid as to be quite 
unsuited for work in the field. Moreover they are thicker than dry filters and con­
siderably less permanent and have to be retested for absorption every time the solu­
tion is replenished. Of the two other forms of filter, stained collodion and gelatine 
films, the latter was chosen as being more reliable and permanent und the colouring 
matter was applied by bathing a gelatine coated plate in a solution of the required dye. 
The G. Cramer Dry Plate Oo. coated a number of pieces of thin plate glass inches 
by 10 inches in size with an even and uniform layer of pure gelatine, which answered 
the purpose admirably. 

In order to have some idea of the most suitable dyes for making the four filters 
required a number of test plates of the di:fferent colours available were made. Ordinary 
unexposed gelatine dry plates were fixed out, washed and dried and then eut into 
pieces about 2 incbes square. Three or more of these test plates were stained of di:ffer­
Pnt intensities, weak, medium and strong in solutions of each of the dyes and these 
could then be readily examined spectroscopically to determine the absorptions of t1'e 
colours. The preliminary examinations were visual with a small direct vision spectros-



ix REPORT OF 'l'HE CHIEF ASTRONOMER 227 

SESSIO NAL PAPER No. 25b 

cope, while the final test was invariably photographie w~th t~e same ar~angement as 
that used in testing the photographie plates, the dyed strip bemg placed m the course 
of the light near the slit. 

The Yellow Screen. 

In making the yellow screen a number of yellow and orange dyes were examined 
for their transparency to light of long, and opacity to, light of short wave léngth. 
Tartazine made by Bayer of Elberfeld was decidedly the best of all tested, and is, in 
weak concentrations, of a beautiful yellow colour becoming more orange-yellow when 
used in strong solutions. It transmit.a red, yellow and yellow-green light almost un­
diminished in intensity, and absorbs violet light complete1y and blue in propor­
tion to the strength of the solution or depth of stain. A single layer of gela­
tine stained with a saturated solution of tartazine absorbs up to wave 
length i.5200 ; if it is desired to carry the absorption further into the green more than 
one layer of the gelatine is required. However, for the yellow filter for the Cramer 
Instantaneous Isochromatic, it was not necessary to absorb even so far as this, since 
this region cornes in the band of insensitiveness of the plate. A screen absorbing light 
below "4900, or at the most À5000, is as deep in colour as is necessary to prevent the 
blue rays from acting on the plates. This limit was :finally tested by photographing 
the spectrum of sunlight on these plates thro'1gh screens of different intensities, and 
the :filter was made to correspond to the lowest intensity which showed no silver. de­
posit in the blue part of the plate. The purpose of the filter being only to prevent the 
blue and violet light from acting on the plate, the weaker it can be made, provided 
this end is ful:filled, the better, for it will then transmit a greater proportion of the 
yellow green light: a moderately strong solution of tartazine was made and :qltered and 
one of the 8 x 10 coated plates bathed in it until, as nearly as could be judged of the 
same intensity as the chosen test plate. When dry it was tested photographically, one 
test each on a Cramer and an Ilford plate being reproduced in :fig. 3, and changed 
by dyeing more deeply or soaking out some of the dye in clear water, until it was ex­
actly the right intensity. It was then carefully put away until the other filters were 
ready. 

The Monochromatic Green Screen. 

This was by far the most di:fficult screen to make, for, not only had the absorption 
on each side to approach as close as possible to i. 5303, but also the :finished screen must 
be as transparent as possible to light of this wave· length or else the exposure required 
to get the necessary details would be too long. If a plate could have been obtained 
with a narrow band of sensitiveness having its maximum at this point, the problem 
would have been much simpli:fied, but, as already seen, no such plate could be found, 
and by far the most sensitive in that region was a plate stained with Pinachrom. Its 
range o:l) sensitiveness, however, is quite uniform all along the spectrum from À6000 to 
about À4000, and hence the screen must be such as to absorb everything practically 
but À5303. No one dye, especially in the green, would give the desired effect, and two 
dyes must be used, one absorbing the blue and the green as far as A5250, and the other 
absorbing the red, yellow and 1.he green as far- as M350. The former would be a yellow 
and the latter a green dye. For the yellow no dye was found to answer so well as tarta­
zine, and a very denselv stained plate was foull(l. to absol'b fairly sharply to about À5250, 
and to transmit the balance of the spectrum without too much diminution of intensity. 
For the green, however, the problem was more di:fficult. Of the twenty green dyes in 
my list and of which I had specimens, only three or four gave any promise of answer­
ing the purpose. and none of these absorbed as sharply as I would have liked, so that 
to get the complete absorption to the required limit entailed a partial absorption of 
À5303. Photographie tests fi.nnlly reduced the su itable dyes to two, Brilliant Acid 
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Green 6B and Alkali Fast Green G, both by Bayer , of Elberfeld; and the :final choice 
of these was not made until they were combined with the tartazine stained screens. In 
fact two :filters were completely :finished and then :finally tested. The one made with 
one film_ of Brilliant Acid 6B and two films of dense tartazine, gave a purer mono­
chromat1c screen than the one made from one film of Al.kali Fast G and one film of 
dense tartazine, but the general absorption was so much greater and the exposure re­
quired so much longer that the latter was :finally chosen for the work. Fig. 3 shows 
reproductions of spectra taken on plates stained with Pinachrom without a screen and 
with three monochromatic screens, although light of other wave lengths near .\530:3 
affects the plates, still it is of comparatively small intensity. :Moreover no other line 
i:1 the emission spectrum of coronium but À5303 can affect these plates,' and the quan­
tity of continuous cor ona1 spectrum embraced in the region transmitted by th.ese screens 
is so small in proportion to the quantity in this bright line as scaroely likely to affect 
the character of the photograph. 

The Three-colour Red and Green Screens. 

As before stated, the limit for the red screen transmission is between M900 and 
A7000, and for the green between ..\4900 and À6000, with the absorptions ending some­
what graduaDy. No single colour could be found for either of these screens, and con­
sequently like the monochromatic green, they were made of two plates. For the red 
screen erythrosine was found to be a very suitable colour although the absorption began 
rather abruptly at the yellow side. However, this was deemed an advantage in this 
case, as although not appreciably affecting the value of the negative as a three-colour , 
record, it would render it more useful as a monochromatic red record of the corona. 
But erythrosine transmitted blue and violet as well as red, and this had to be absorbed 
by a second plate of tartazine. The screen as :finally completed transmitted red and 
orange red as far as A5900, while it entirely absorbed all the colours from orange down. 
Tlw green screen also required two plates, one of a green dye and one of tartazine to 
absorb the blue transmitted by the green. The most suitable dye was found to be 
Acid Green 2G Extra, by Bayer, and of a comparatively weak concentration. It ab­
sorbed the red and violet and transmitted the rest, while thé grading of the absorption 
in the orange and red was very suitable. When the screens were :finally completed and 
eut to size tbey were sealed with Canada balsam. The yellow screen was eut 6! by 8½ 
inches, and as only one film was needed a piece of thin plate glass was sealed to the 
fi.lm side of the screen. For the other three screens, size 5 by 6¾ inches, the components 
were sealed film to film. The balsam employed was a very white clear article used in 
three-colour work, and after the sealed :filters had been allowed to set thoroughly they 
were bound up with lantern-slide binding strip. The :finished screens were beautifully 
even and transparent, and I have no doubt would have performed admirably. 

In order to be able to intelligently estimate the relative exposure required, when 
these screens were used, compared to that of unscreened plates, a series of tests were 

• made on the plates with which they were to be employed. These tests consisted of 
exposm'es of suitable lengths with and without screens on a piece of crumpled white 
blotting paper pinned on a background of black velvet and so placed as to show both 
lights and shadows. A comparison of the density of the resulting negatives, which 
were all developed together, readily enabled one to estimate very closely the relative 
cxposures required. It was found that for the yellow screen on Cramer Instantaneous 
Isochromatic plates from 3½ to 4 times the exposure without a screen was required. 
'For rlates stained with Pinachrom it was found that: The Monochromatic Green 
required 20 to 25 times normal exposure; the Three-colour Green required 10 times 
normal exposure; the Three-colour Red required 12 times normal exposure. So that 
60 seconds with the monochromatic green on the Cooke lens f 1 which was one pro­
posed exposure should givc the satne actinie effect as 108 seconds in 45-foot camera, 
and about 10 seconds in 10-foot camera, which is quite sufficient to get detail in the 
outer corona. 
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PRELlMINARY PREPARATIONS. 

It is very necessary, before starting on an eclipse expedition to mount, adjust, 
and test the instruments under as nearly as possible tlie same conditions as will pre­
vail in the :field. Only by so doing can the most thorough preparations be made, and 
difficulties, which would not otherwise show themselves, be met and overcome. Evi­
dently the :first step before erecting the coelostat or cameras is to calculate the azimuth 
ii:; w.hich the latter are to be placed and the position of the sun at totality. Since the 
cameras are to be placed horizontally, at sunrise the coelostat mirror will be vertical 
and also since it is in the meridian the refl.ected beam will be as far south of east as the 
sun is .north of east. The latitude of Northwest river is about 53° 31' 30" and the 
declination of the sun at totality 9° 9' 20". The azimuth of the sun at sunrise will be 
15° 33' north of east, and at totality, 7 hours 51 minutes, about 18° south of east. The 
altitude at totality will be about 24° and the azimuth of the refl.ected beam or of the 
cameras 15° 33' south of east. The sun's light, proceeding to the mirror, will pass 
almost directly over the cameras which must hence be placed far enough back so as 
not. to cast any shadows upon the mirror. Further, since they are ail grouped together 
and as, owing to the changing declination of the sun, some movement in azimuth is 
desirable for the purposes of adjustment and focus, it was determined to mount them 
ail on one base and a plank 10 feet 6 inches long, 24 inches wide and 3 inches thick, 
built up of 24 whitewood strips, 3 inches wide and 1 inch thick glued together, was 
obtained on which to mount the cameras and spectroscopes. It was proposed to place 
this baseboard at N orthwest river on two cament piers about 8 feet apart, but for the 
preliminary tests at Ottawa it was placed on temporary wooden stands. 

FOCUSSING THE INSTRUMENTS. 

Before mounting the cameras, even temporarily, on the base each one was sep­
arately focussed. The objectives were mounted in their telescoping boxes, and an 
approximate focus was obtained by pointing them at a distant terrestrial object and 
viewing the image on the ground glass provided for each. They were then strapped 
to the tube of the equatorial telescope, and the :final focus determined from a series of 
exposures, at di:fferent distances of the objectives, on stars trailing across the field. 
This method gave the focal point very exactly, a movement of n -inch in the 10-foot 
focus lenses or one part in 2000, made a recognizable di:fference in the sharpness of 
the trails. The focus of the objectives, w.hich were to be used with screens, was deter­
mined through their respective screens, and the positions of sharp de:finition in ail 
were carefully marked and noted. Owing to the grain of the wood running length­
wise in the cameras it is unlikely that any change in the position would occur. It was 
not, of course, possible, nor would it be worth while t-0 focus the 45-foot camera in this 
way, as it had no :fixed length and it was not focussed until :finally installed at North­
west river. 

The concave grating and prismatic cameras were focussed, primarily, by the 
coilimator and slit previously used in determining their focal curves, and this position 
was further tested by photographing star spectra. These cameras were also rigidly 
attached to the tube of the equatorial and a series of exposures, varying the focal 
distance, were made on the spectra of Vega, Arcturus, Jupiter and Venus, guiding 
being accomplished by the micrometer wires in the telescope. The positions of sharp 
focus found by the two methods agreed very well though the latter was preferably 
followed, as more nearly approaching the conditions obtaining during totality. 

CAMERA HUT AND DARK ROOM. 

Sorne kind of portable and removable covering for protection against the weather 
was necessary for the coelostat and cameras, also a dark room where the plates could 
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be safely stored and handled. The conditions to be fulfilled in the case of the camera 
hut were portability and ease of removal of roof and sides to admit the sun. After 
considerable thought it was decided to use a canvas fi.y for a roof, stretched over a 
wooden framework and w.alls. It was made 20 feet long and 9 feet wide with walls 5 
feet high. The posta were made of 4-inch x 4-inch and the sills and plates of 2-inch 
x 4-inch stuff, ail framed carefully together and fastened with screws. The side wails 
were made in sections, 6 to each side, each about 3 feet 4 inches wide and 5 feet high, 
of J-inch matched siding nailed to battens at top and bottom, which were in turn 
fastened to the sills and plates by a couple of screws. The west gable end was nailed 
up solid, while at the east end the gable part was hinged to the end wail, and easily let 
down to a horizontal position when required to admit the sun. Baside the end rafters 
were two others each hence 6 feet 8 inches apart. The ridgepole was in two pieces, 
and the easterly half with the east rafters could easily be unhooked and taken away, 
while the westerly part attached to the west gable, served to stiffen the whole roof. 
The fi.y, which was readily pulled over the roof by long guy ropes, was :r0-inforced 
mherever it rested on the frame work to prevent leakage, and was made about 3 feet 
longer each way to allow plenty of overlap for the same purpose. When required to 
admit the sun, it was either puiled off altogether, or simply roiled back to the west end 
out of the way of the sun, the gable end was let down and the ridge and rafter removed, 
the whole process only taking about two minutes. The arrangement worked admirably 
and was very convenient and satisfactory. The side walls could also be readily removed 
by taking out the screws through the battens and taking away as many sections as 
desired. An idea of the design may easily be gathered from the illustrations (figs. 
7, 8, 9 and 10). The dark room was a simple frame structure 8 feet square with a 
sloping roof, made of matched stuff and covered with tar paper. It had a smail w,indow 
opening in which was fastened a safe ruby light, and had a developing bench and 
shelves, while it was floored so as to be thoroughly dry for the safe storage of the 
plates. 

The camera hut was built on a level spot north of the observatory, and, as soon 
as it was finished, the coelostat was erecteJ on a cernent base inside. It was carefully 
adjusted and the clock rated both by timing and by observing the steadiness of the 
images in the cameras. The baseboard for the cameras was placed on temporary 
wooden stands at the right height and the cameras placed in position and temporarily 
fnstened. The installation was then carefuily tested in every possible way with the 
sun, under as nearly as possible eclipse conditions, to allow any defects in design or 
construction to manifest themselves at a time wh.en they could be easily remedied. 
When everything was satisfactory the instruments were taken clown and carefully 
packed for shipment. The camera hut and dark room were ail marked to facilitate 
re-erection and were then taken apart and crated in bundles of convenient size. All 
the materials and supplies which there was any possibility of requiring were gathered 
together and carefully packed. Altogether for the instrumental work there were 88 
boxes, bundles and crates weighing in the neighbourhood of five tons. I wish to 
acknowledge bere the very able and skilful assistance of Mr. W. P. Near w.ho not only 
helped very materially in the preliminary preparations at home, but who brought a 
great deal of ability and energy to play in the erection and adjustment of the installa­
tion at Northwest river. Without his able help the work must have proceeded much more 
slowly and the preparation could not have been so thorough and complete. 

FINAL ERECTION. 

The sa. King Edward reached ~orthwest river on Friday morning, August 11, 
and after we had landed and looked over the ground there was no difficulty in choosing 
a suitable site for the camp as the level plot of ground close to the beach, east of the 
Hudson's B ny Comp:rny's post, was an ideal spot both for a camping ground and for an 
observing station. The instrument and camp supplies had all been landed by Saturday 
morning early, and the installation of the camp proceeded apace. It was nearly half a 
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mile from the wh,irf to the observing station, and all the instruments and supplies had to 
be wheeled or carried this distance. The usefulness of the two-wheeled hand cart, which 
I had taken care to provide, showed itself, for without it there woUld have been the 
greatest difficulty in moving the beavier boxes. I cannot forbear here from speaking 
of the splendid way in which :Mr. :Macara not only looked after the moving of the stuff, 
but actually took the lion's share himself. If it had not been for his energy and zeal 
not only would our own preparations have been much delayed, but the camp arrange­
ments and the preparations of other members of the party have been hindered. But his 
efforts did not end with the transport of instruments and supplies, for, as soon as that 
was :6.nished, be showed bis ability and energy in a marked way in the construction 
work. 

For convenience in installing our equipment, a piece of fairly level ground, pre­
ferably ri sing slightly to the east, was necessary, and a suitable site was easily chosen 
on Saturday morning, a photograph of the completed camp being reproduced in :fig. 6. 
The direction of the central line of hut and cameras, which was 15° 33' south of east, 
was kindly given me by Prof. Stewart, and from this line the positions of the 
coelostat, camera and spectroscope piers, which are shown in the accompanying plan, 
fig. 4, wcre laid out. The construction of the piers was the :6.rst thing undertaken, 
and casings were soon knocked together and the filling in started. The foundations 
of the coelostat and rear caméra pier were filled in on Saturday while on :Montlay these 
were finished and the other two well under way. When not engaged in cernent work, 
the frame of the camera hut was put together away from the piers, to be carried into 
position later when they were :6.nished. On Tuesday the dark room was erected, Dr. 
Chant in this and other work giving able assistance, and on Wednesday the piers were 
finishecl, the hut placed over them and the coelostat unpacked and erected. 

The central section of the long focus camera was next undertaken. The tube was 
composed of nine frames o:6 1½ inches square stuff, 24 inches by 24 inches outside mea­
surement, which were held together about 4 feet apart and the section made rigid and 
continuous by nailing strips 4 inches by ¼-inch lengthmise along the corners of these 
frames, thus forming a tubular framework about 33 feet long. This tube is seen in the 
eut of the construction work, :fig. 7, installed in place on supports about 4 feet from 
the ground. These supports were made sufficiently wide to allow the plate-holder end, 
which was of box form and rigidly screwed to the centre section, to slide about three 
feet north and soutb. The purpose of this range of movement was to permit the use of 
celestial objects for testing of focus wbose declination differs slightly from 9° 10', the 
declination of the sun at the time of eclipse. The frames of the supports were con­
tinued up and over the tube, and were then covered on top and aides with tar paper to 
keep out the rain, and as a further security against the entrance of ligbt. The tube it.. 
self was entirely covered witn black cloth so closely woven as to be practically light 
tigbt, while the frames and connecting strips were painted dead black. The tube was 
carried tbrougb the east end of the camera but projecting about a foot, and was tben 
connected witb the objective end of the camera, whicb itself projected back over the 
twin camera about a foot, by more black cloth stretcbed. between, a space of about 18 
incbes. The cord from the sbutter was led back along tbe roof of the supports tbrough 
screw eyes to the plate holder end, wbere it terminated in a convenient position for the 
operator. It was not tbought necessary to build a pier for the plate bolder end, as it 
wa's amply steady on its braced supports, and as there was no possible chance of vibra­
tion being transmitted between the sections by the :flexible clotb connection. 

The two cernent piers, on wbicb the camera base board was to be placed, were each 
about 33 incbes long, 15 inches wide and abou!: 3 feet bigb. Tbeir centres were 8 
feet apart, and each pier bad a scantling built into the top, planed off so tbat the base­
board rested perfectly level. When the final position was obtained the base was to be 
:6.rmly bolted to tbese scantlings so tbat everytbing would be perfectly rigid and stable. 
The extra length of the piers over the widtb of the base, and the extra lengtb of the 
base over the distance between the piers allowed considerable range of adjustment end-
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ways and sideways, the former to allow the cameras to be placed as near to the mirror 
as possible without interference from shadows, and the latter allowing shifting ~ azi­
muth to get objects of different declinations for focussing purposes. 

This base board was in position ready for service on the 16th and the cameras and 
spectroscopes were :firmly attached to it and to each other by small angle irons and 
screws, and in the case of the prismatic and grating cameras by wooden braces. The 
position and method of attachment of the cameras is readily gathered from the illus­
trations, :figs. 8 and 10, and plans, :figs. 4 and 5. The twin camera is at the bottom, 
above this to the south the objective end of the 45-foot focus, then the Cooke, and to 
the north the grating and prismatic ca~eras. These were inclined at an angle of 40° 
with the vertical, so that the refracting edge of the prisms, and the lines of the grat­
ing were nearly parallel to the tangents at the second and third points of contact. 

The slit spectroscope was attached to its adapter, to allow it to be readily rotated 
in position angle without disturbing the inclination, in order to get the brightest part 
of the corona tangent to the slit. The adapter was screwed into a cast iron fi.ange 
which was attached by clamp and abutting screws, to allow adjustment, to a strong 
oak frame built to the correct angle, and bolted to the spectrospope pier, the position 
and arrangement being shown in :fig. 8. The spectroscope itself was by this means 
placed at such a height, and adjusted to such an angle, that the light from the sun, 
after grazing the top of the frame, would be refiected back from the concave mirror 
forming an image of the sun on the slit of the spectroscope. The angles of incidence 
and refiection became by this means a minimum, and the deviation from normal inci­
dence small enough so as not to appreciably affect the de:finition in the solar image. 
This image was brought to any desired position on the slit by two slow motion rods, 
connected to the screws by universal joints, and led to a convenient position :Îor the 
observer, myself, near the spectroscope. 

AD.JUSTMENTS. 

The top of the coelostat pier was very carefully levelled, and after the lower sec­
tion of the column had been put in place, its planed upper surface was again carefully 
tested by a :five-second level, and brought as nearly horizontal as possible by wedging 
up slightly where required. The axis was brought to the correct altitude by the 
graduated arc, on the sector, and then the only thing remaining was to get it into the 
meridian. An east and west line was run through the centre of the mirror, and a 
theodolite, placed about a hundred yards east and on the same level, was used' for 
observing the refiection of its ow.n telescope in the vertically placed coelostat mirror. 
The adjusting screws, provided in the column, were then used to shift the instrument 
in azimuth until the refiection was in the c~ntre of the :field. Evidently the mirror and 
consequently the axis can not then be very far from 1,he meridian. This adjustment 
and that of the altitude can be readily tested, and were so tested by focussing an image 
of the. refiected sunlight in the long focus camera, and observing any change in its 
position during a run of the clock of an hour or more. There was no appreciable shift 
in the position of the 5-inch image during that time, showing conclusively that, not 
only was the instrument well adjusted, but the clock closely rated. 

The shorter focus cameras with the prismatic and grating cameras had already 
been focussed, but it w.as desirable to again test this adjustment and it was necessary 
to accurately focus the 45-foot camera which had not as yet been determined in any 
way. As its movement in azimuth was on]y about 3½ 0

, celestial objects whose declina­
tions were between 8° 30' and 10° 30' could only be used, the declination of the sun at 
the time of eclipse being 9° 9' 20". The only bright star between tho~e limits is 
a Aqui]ae, Altair, whose declination is 8° 37' and which was in a sui table position for 
observation in the ear]y evening. The declination of the sun only reached 11 ° on 
Friday the 25th, hardly leaving sufficient time after allowing for bad weather, and 
besicles the sun is not very suitable for determining the focus. The declination of the 
moon was on]y within the required range on one evening, Sunday, the 20th, and, as 
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it was a suitable object, it was decided to use it if possible on this evening. A pre­
liminary test wi~h Altair on Saturday evening showed the limita within which the true 
focus Jay, but the star was too bright, gave too broad a trail, t-0 accurately determine 
the correct position. The moon rose about ten o'clock on the 20th, and was in a suit­
able position to use between 11.30 p'.m. and 3.00 a.m. But unfortunately the sky was 
too cloudy to make any successful exposures. Although on the Montlay night. the de­
clination had risen to nearly 12°, it was determined to get the image on the plate by 
shifting the coelostat in azimuth, and, as the night was fine, two plates with four 
pictures on each, were successfully exposed, giving the position of best focus quite 
accurately. 

In addition the moon was photographed in the other cameras, using colour screens 
where proposed, and the agreement with the previous focal position, obtained by star 
trails at the observatory, was excellent. Later on in, the week, the cameras were all 
again tested by allowing Altair to trail suitably diaphragming the apertures to get the 
faint trails necessary for accurate estimation. Since no change in focal position in 
the cameras had been noticed, it was not thought necessary to redetermine the focal 
positions of the prismatic and grating cameras, especially as the spectrum of Altaïr, 
the only star bright enough, was of the fi.rst type with broad diffuse lines not at all 
suitable for accurate determinations. 

Mter the focus had been thus carefully dete-.mined, each of the objective boxes 
of the cameras, and the sliding backs of the spectroscopes were firmly screwed into 
position, and I felt satisfied of the correctness of the focal distance to within ½o-inch 
in the case of the shorter focus cameras, and l-inch in the case of the 45-foot. 

MISCELLANEOUS DETAILS. 

The focussing was finally completed about the 25th, and the remainder of the time 
was spent in perfecting the numerous details in the working of the apparatus, and in 
arranging devices for facilitating speed in manipulation, and for avoiding accidents. 
It was found, in practising with the changing of plate holders, draw.i.ng of slides, &c., 
that considerable time, especially in the larger sizes, was lost in inserting the slides in 
the holders, that they were liable to enter crooked and stick, thus losing precious 
seconds, and entailing danger of fog. A very ingenious device of Mr. Macara, who 
was entrusted with the working of the 45-foot camera, entirely overcame this di:fficulty. 
A piece of wood with a groove in it was nailed on the same level as the bottom of the 
slide, which pulled out in this groove to a stop at the end preventing its complete 
withdrawal. The slide was simply pulled out to the stop with one hand, the exposing 
cord pulled with the other, and the slide i=ediately shoved bàck home as soon as the 
shut.ter was closed, saving three or four secÔnds each exposure, and enabling two more 
exposures to be made in the given time. This device was also applied to the twin 
camera operated by Mr. Near, and here also its use ·allowed two additional exposures. 

The specially sensitised plates for the Cooke camera and films for the prismatic 
and grating cameras, which were pref~rably prepared shortly before using, were care­
fully sensitised on Montlay evening, the 28th, and dried in a specially prepared calcium 
drying box. On Tuesday one of .each was carefully tested for colour sensitiveness and 
freedom from fog, by photographing blotting paper on black velvet through the di:fferent 
filters, and was found practically perfect. I felt quite satisfied, therefore, that, so far 
as instrumental equipment and the photographie materials were concerned, everything 
was in the best of shape. 

REHEARSALS. 

The only other factors requisite for success were good weather conditions and 
practice of the various operations of totality. Although we had no control over the 
former, the latter was very important. Besicles Mr. Macara, Mr. N ear and myself 
three more operators were needed. Of these two, 1Ir. Howell and Mr. Maybee, came 
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with the second party which arrived on the 28th, and Prof. Stewart kindly consented 
to take the Prismatic Camera. The names of the operators, with their instruments and 
proposed exposures are as follows :-

J. Macara-45cfoot Camera-
Six exposures on Seed Non-Halation and lliord Monarch plates of 3, 5, 10, 40, 20 

and 15 seconds, respectively. 

W. P. Near-10-foot Twin Camera-
Nine exposures on two plates each, one Seed Non-Halation by photographie objec­

tive, the other Cramer Instantaneous Isochromatic by visual objective through Yellow 
Screen exposures of 1, 2, 4, 7, 10, 40, 20, 15, 3 seconds, respectively. ' 

D. J. Howell-81 ·8-inch Cooke Camera-
1 

Four exposures on Ilford Monarch plates sensitised with Pinachrom. 
One exposure 10 seconds through three-colour green screen. 
One exposure 12 seconds through three-colour red screen. 
One exposure 60 seconds through Mon9chromatic green screen. 
One exposure 20 seconds through Monochromatic green screen. 

J. E. Maybee-Concave Grating Objective Camera-
Nine exposures on lliord Moni.rch film sensitised with Pinachrom. 
One exposure, instantaneous, on Solar cusp shortly before totality. 
Three exposures, ¼-½ second each, on Flash Spectru.m immediately after totality. 
One exposure, about 2 minutes on Coronal Spectrum during totality. 
Three exposures, ¼-½ second each, on Flash Spectru.m just before third contact. 
One exposure, instantaneous, on Solar Cusp immediately after totality. 

Prof. L. B. Stewart-Prismatic Camera-
Same programme as Mr. J'ifaybee. 

J. S. Plaskett-Slit Spectroscope-
One exposure on Ilford Monarch plate sensitised with Pinachrom on spectrum 

of corona throughout the total phase. The slit to· be set tangent to the brightest point 
of the corona image produced by the concave mirror. A comparison solar spectrum 
to be formed on each side of coronal spectrum immediately after totality. 

The two illustrations of the rehearsals (figs. 9 and 10) show each operator in 
position at his instrument. Each one practised with his own programme until he 
could perform it satisfactorily. Qn the morning of the 29th a complete rehearsal was 
held under as nearly as possible the same conditions as would prevail at the eclipse. 
The signal was given for totality, after a warning 30 seconds previous, and then the 
time was called every ten seconds until the 150 seconds had elapsed, the intermediate 
intervals being given by the beats of a metronome. So well had every one practised 
that the fust rehearsal went tbrough without a hitch. The following rehearsals served 
to perfect the movements, until, after fifteen or twenty, the whole programme went 
with machine-like regularity. .Another set of rehearsals was held in the evening by 
lantern light t-0 accustorn the operators to working by artificial light which might be 
required during totality. These went even better than the morning ones, and I felt 
satisfied that every thing would go smoothly. .After rehearsal the plate holders were 
carefully loaded and numbered by Mr. Near and myself and every thing was ready 
for the eventful morning . 

.Although the prospects for fine weather on the previous day had been very poor, • 
rain with a continually falling barometer, we still hoped, even against our better 
judgment, that it might clear up for the time, but at dayligl:it on the 30th, although 
the clouds were more broken than on the previous day, there did not seem much chance 
of observing the eclipse. However, all preparations were made, the plate holders placed 
in order in their positions on the stands provided for them, the canvas, roof rolled 
back, the gable end dropped, and the ridge and rafter removed. The computed time 
of second contact was about 7.51, and at 7.30 although there was no perceptible di:ffer-
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ence in the density of the clouds, one could notice a diminution in the brightness which 
became more and more marked as time went on. About twenty minutes before totality, 
when it was seen there was no possible chance of the clouds breaking, I set up my 
camera and made a number of exposures of graded length to get some idea of the 
relative intensity of the light during the eclipse. As a result of carefully comparing 
th@ exposures given and intensities produced on these negatives, it may be said that--

Intensity 20 minutes before totality was 1000 times that during totality. 
" 10 " " 650 " " 
" 6 " " 200 " " 
" 4 " " 120 " " 
" 2 " " 45 " " 
" 20 seconds after " 15 " " 

The exposure required during totality to get the same density of negatives was 
about 10,000 times that required on a bright day at the same hour. 

Visually, however, the darkness during the total phase w.as not' so great as I had 
expected, it being very considerably lighter than a night with full moon. The dark­
ness at first seemed very gradual in its approach until about :fi.v1:, mmutes before 
totality, when the obscurity increased more rapidly. The time of totality could not 
be mistaken as there was a rapid onrush of darkness which was ver:1 perceptible and 
awe-inspiring. The return of light seemed much more rapid than the diminution, but 
that may probably have been an illusion. Of that I have no means of judging. 

N aturally it was a bitter disappointment at having practically no result for six 
months' work, except the experience in preparation and the useful knowJedge gained 
of colour sensitive plates and absorbing screens. If everything had not been in such 
first-class shape for the observations, if the perfection of adjustment to focus and 
working of the camera shutters and plate holders, if the running of the coelostat, or 
the quality of the specially sensitised plates had not corne up to my required standard, 
probably I would not have felt the disappointment so keenly; but, when the prospects 
of obtaining some original and us~ful results were so good, it seemed too bad there was 
no chance to try. ' 

However, nothing remained to be done but dismantle and pack up all the instru­
ments and appliances. This was entered into with such vigour that little remained to 
be packed after the evening of the 30th. The rest of the packing w.as done on the 
morning of the 31st, and by evening everything was loaded on a schooner in readiness 
to be transferred to the steamer. 

I cannot close this report without expressing, in some slight degree, my apprecia­
tion of the confidence you showed in entrusting me with the work, of the readiness 
with which you endorsed my plans, and of the kindly help and encouragement you 
were always so ready to give me in the preparations for the observations. 
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APPENDIX 6. 

DESCRIPTION OF THE APP ARATUS USED IN THE TIME SERVICE, 

BY R. M. STEWART, M.A. 

W. F. KING, Esq., B.A., LL.D., D.T.S., &c., 
Chief Astronomer, 

Department of the Interior, 
Ottaw,a. 

Ottawa, Ont., October 21s_t, 1905. 

Sm,-I have the honour to make the following report on the Time Service System 
connected with the observatory. ,Practically the whole equipment bas been installed 
since the occupation of the new observatory building last May; consequently it is in 
several respects not yet perfected, as much of the apparatus requires experiment and 
considerable adjustment to get it into proper working condition. 

The apparatus used in connection with the time service system may be divided 
into three main classes-a transit instrument, with its accessory apparatus, for ob­
taining the time by observation; a system of sidereal clocks for use in the observatory 
itself :f,or the purposes of the time service and for observation; and a system of mean 
time clocks for use in the observatory and the government buildings. Each of these 
systems consists of two primary clocks mOllnted in the clock room, and any required 
number of secondary master-clocks and dials electrically controlled by one or other 
of these primaries. There are at present in use fi.ve secondary mean time master-clocks, 
synchronized by the mean time primary, one in the time room at the observatory, one 
in the parliament building, and one in each of the three departmental buildings. 
Each of these operates a number of electricaUy driven dials in the building where it is 
situated. One secondary sidereal master-clock is mounted in the time room, and is 
designed to operate dials wherever required in the building. · 

Gloclc Room.-The clock room is situated nearly in the centre of the basement of 
the observatory building, so that :fluctuations in the outside temperature may be as little 
felt as possible; and, with the same end in view, it is separated from the rest of the 
basement by double doors which are kept always closed. A fairly constant temperature 
is maintained in the interior of the room by an electric heater connected with a ther. 
mostat set at the required degree of temperature. To equalize the temperature in all 
parts of the room an electric fan continually plays directly over the surface of the 
heater, keeping the air in constant circulation. A continuous record of the tempera-

' · ture is kept by a thermograph as a check on the temperature control, and so that if for 
any reason it should temporarily fail, allowance can be made for the circumstance in 
computing the clock errors. 

The four primary clocks are mounted on cernent piers. These piers are built en. 
tirely independent of one another, and of the floor and walls of the building; embedded 
in each one is a vertical marble slab, upon which the clock is securely bolted. They 
are disposed in pairs, one pair, consisting of a sidereal and a mean time clock, being 
rlaced at each end of the room. The clocks of each pair are so situated that the planes 
of oscillation of their pendulums are at right angles; in this way any mutual effect 
on their rates is obviated. 

25b-20 
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Howard Olock.-The Howard sidere.al clock, made by the Howard Olock Company 
of Boston, which has been in use for some years, is shown in fig. 1. It has a mercurial 
pendulum and Denison's four-legged gravity escapement, and is equipped with an elec­
tric contact for chronograph work. The contact wheel is mounted on the same a.xis as 
the escapement wheel, and has 29 teeth corresponding to the even seconds, omitting the 
58th. The contact itself consists of a platinum spring which bears against a point of 
the same metal; at every even beat (omitting the 58th) the spring is momentarily 
thrust aside by a tooth of the contact wheel, and the circuit broken. There is also a 
wheel with a single slot, turning once in five minutes, which operates a short-circuit at 
the 54th second, so that every :6.fth minute the breaks corresponding to both the 54th 
and 58th seconds are omitted. This circuit operates three relays in the time room, 
from which other circuits can be obtained as required. Previous to the completion of 
the observatory this clock was hung on a wall in the basement.' of the Supreme Court 
building, where, though its performance was very satisfactory, the stability of suspen­
sion and constant temperature requisite for extreme accuracy were not attainable. 
Even for some months after its removal to the observatory, the clock room, owing to 
pressure of other work, was not properly equipped; consequently the results of a thor-
0ugh test of its performance un.der fair conditions are not yet available; the same 
applies also to the other clocks. 

Riefier Sidereal Standard.-The Riefler sidereal standard (fig. 2), m'ade by 
Clemens Riefler, Munich, has a compensated nickel-steel pendulum, free escapement, 
and electrical self-winding arrangement, and is inclosed in an air-tight glass éylinder. 
The pendulum rod is of nickel-steel, of composition 35 ·'7 per cent nickel and 64 ·3 per 
cent steel, which has a coefficient of thermal expansion only about n that of steel. 
Thus the compensation becomes a comparatively simple matter; the method is shown 
in fig. 3. The pendulum rog. runs completely through the bob and has a regulating 
nut on thé lower end. On this nut and surrounding the pendulum rod, rests a hollow 
cylinder of brass, surmounted again by one of steel; on the upper surface of tbis the 
pendulum bob is supported exactly at its centre. The relative lengths of brass and steel 
are adjusted so as to give the required amount of compensation. 

On the pendulum-rod, toward its upper extremity, is a small shelf upon which 
small auxiliary weights may be placed for the final regulation of its rate before sealing 
up the cylinder; on the edge of this shelf is a scale to be viewed through a microscope, 
so that the amplitude of swing of the pendulum may be read from time to time. The 
glass cylinder is closed by an air-tight joint and partially exhausted, so that, provided 
the temperature is kept constant, the air pressure within the cylinder also re­
mains constant,. This obviates the change in clock rate due to change in 
barometric pressure, which affects a pendulum swinging in the open air sometimes 
a.~. much as i to ½ second per day. The pressure inside the clock is kept at about 
725mm of mercury, so that it may be always lower than the outside barometric pres­
sure. A thermometer and barometer are hung within the cylinder, to check the tem­
perature and pressure from time to time. 

The clock-weight consists merely of a lever attached by a ratchet to a wheel which 
engages the pin.ion of the escape-wheel; when the lever has dropped to a certain point 
it closes an electric circuit which raises it again to its highest position; this action 
recurs every 20 or 30 seconds. There is also on this clock an ' intermittent' seconds· 
contact through which runs a circuit operating two relays in the time room. From 
them may be obtained circuits for recording on the chronograph or for synchronizing 
secondary clocks. This contact, of which a diagram is shown in fig. 4, closes the 
electric circuit every alterna te second; the even minute is recorded on the chrono­
graph by the omission of one tooth on the-contact wheel, so that the circuit remains 
closed from the 59th second to the 2nd second of the following minute. (Fig. 4 and 
fig. 7.) 

Time Observations.-The Riefler sidereal is the clock which is used as the prim­
ary standard, the Howard and the Mean Time Primary being compared with it daily. 
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Its error, as also that of the Howard, is allowed to accumulate, and allowance made 
for it in computing the time. Observations for time are made as often as practic­
able-in summer practically every clear night, in winter at less frequent intervals, un­
less required for some particular purpose. On account of the type of electrical contact 
on the Rie:fl.er clock, which requires a double.record chronograph, it is more convenient 
to make the observations with the Howard. The error of the Rie:fl.er is obtained by com­
paring the two clocks on the chronograph both before and after the observations. 

Time observations are made with a Cooke transit instrument mounted in the mer­
idian. At present, pending the completion of the transit room, it is mounted in a small 
temporary shed east of the observatory. The object glass is of 3-inch clear aperture, 
with a focus of 35½ inches. In the focal plane is mounted a glass reticule upon ".hich 
are ruled two horizontal lines and thirteen vertical lines. The vertical lines, or ' threads,' 
are separated into groups-a centre tally of five, a tally of three on each side of this, 
and two single threads one at each side; ordinarily only the middle eleven threads are 
used in observations. The equatorial interval between the threads of a tally is about 
2 ·4 seconds of time, and that between the tallies about double this. The field of the in­
strument is illuminated by small electric lamps placed at the extremities of the axis, 
which is hollow; the light is re:fl.ected down along the tube by a diagonally placed mirror 
at the point of intersection of the axis and the line of sight; the intensity of the light 
fr governed by a rheostat mounted conveniently on the side of the pier. A handle is 
mounted on the base by which the instrument can be lifted from the Y's and the axis 
reverse<l. 

The chronograph used in the observations was made by W arner & Swasey. The 
cylindcr is dri,en by clock-work so as to turn approximately once every minute. A 
small carriage carrying an electro.magnet with a pen attached to the armature is 
mounted alongside, and is moved longitudinally by an endless screw which turns at 
the same speed as the cylinder. The clock circuit goes through the coils of the electro­
magnet, so that the pen traces a spiral line on the chronograph paper and records the 
beats of the clock. The circuit controlling the pen also passes through a key in the 
hand of the observer, who taps the key as the star passes over each successive thread 
in the field of the instrument, thus registering the transit on the chronograph. In ad­
dition, for convenience in picking out the transits on the sheet, he gives a continuons 
rattle on the key at the beginning and end of each observation. A chronograph sheet 
with a number of transits recorded is shown in :fig. 6. During the time of observa­
tion, readinge are also taken to determine the level error of the axis of the instrument. 

A complete time determination for accurate purposes consists usually of observa. 
tions of the transits of twelve stars. six in each position of the axis. The clock time 
of transits over the separate threads are scaled off the chronograph sheet, and the 
mean taken as the time of transit of that particular star over the meridian of the in. 
strument. After the proper correction for level has been applied to each star, and the 
right ascensions of the stars found for that particular day, the results are computed by 
least squares for three unknowns, giving â determination of azimuth, collimation, and 
clock error for the mean t ime of the observations. The probable error of such a tima 
determination is usually from one-hundre<lth to one-fiftieth of a second. 

Comparison of the clocks is made on a chronograph which carries two magnets and 
two pens, one fo each circuit. The record of a comparison is shown in fig. 7. The 
same clock is thrown on both sides of the chronograph for a portion of the time, so as 
tl• show the amount of the parallax of the pens, ü any exists. 

The apparatus so far described comprises the equipment for obtaining the time, 
and for preserving it as nearly as may be without error between successive observa­
tional determinations. The remainder of the equipment is applied to the purpose of 
furnishing exact time throughout the observatory itself, and to the public. 

Of the two mean time clocks mounted in the clock room, one, also made by Riefler, 
is the main Mean Time Primary (fig. 8); the other, made by G. Borrel, of P aris, is 
intended to be used as an auxiliary primary and master-clock for the building (fig. 9). 
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Riefier Mean Time Primary.-The Rie:fler Mean Tune Primary bas a dead escape.­
ment, and a nickel-steel pendulum similar to that of the Sidereal Standard, but lighter 
and with a lens-shaped bob, to obviate air-resistance. The seconds-contact is an inter­
mittent one, identical with that shown in :fig. 4. It operates four relays in the tune 
room, one for synchronizing the mean time master-clock, one to control the synchroni­
zation line running to the city, and two for recording on chronographs. 

A mean time clock is of course required always to show the true time; hence an 
arrangement becomes necessary for correcting small outstanding errors from day to 
day. It consista of the two small auxiliary pendulums visible in :fig. 8, mounted one 
on each side of the main pendulum. The one on the left bas its centre of gravity 
slightly below its point of suspension, the one on the right slightly above. It follows 
that if the :first of these is connected to the main pendulum, it will accelerate the clock, 
while the second will retard it. The method of controlling these auxiliary pendulums 
is shown in fig. 5. The electro-magnet e, is traversed by a circuit which runs to the 
switch-board in the time room; when the circuit is open, as is normally the case, the 
arm, a, is held clear of the shelf on the main pendulum rod, p, by the arm, b, connected 
te the armature, c; when the circuit is closed the armature is attracted, the arm, a, 
is released, and drops into the slot, s, thus throwing the auxiliary pendulum into 
connection with the main one; when the clock has been corrected to the required 
e~ent the circuit is opened and the arm, a, again lifted. The arrangement for the 
other auxiliary. pendulum is similar. The rate of correction can be adjusted by moving 
the bobs of the auxiliary pendulums on their rods. That used is about six seconds per 
hour, so that a correction of a tenth of a second either 'l,,ay can be made by simply 
throwing the switch in the time room in the required direction for the space of a 
minute. The clock is compared with the sidereal standard every morning, and the 
proper correction made, if an.y is necessary. 

Borrel Primary.-The Borrel clock is the one which was formerly used as the 
primary for the small experimental system installed in the Langevin block and the 
old offices of the Astronomical Branch on Wellington street. It has a pin wheel escape­
ment and a wooden pendulum rod with a lead bob supported at the bottom, which 
gives a fair compensation for temperature. Its rate is considerably a:ffected, however, 
by variations in the moisture of the atmosphere. The correction arrangement on it 
consista of a permap.ent magnet mounted longitudinally on the pendulum rod, im­
roediately beneath which, and :fixed to the clock case, is a solenoid entirely destitute 
of iron. If a current is passed in one direction through the solenoid the magnet is 
attracted and the clock accelerated, while a current in the opposite direction repels the 
magnet and retards the clock. The electrical contact operated by this clock consista of a 
spring attached to the pendulum rod close to its upper extremity, which makes contact 
with an adjustable screw every time the pendulum swings to the right. 

This clock will be used as a reserve primary, to run the circuits ordinarily worked 
by the Rie:fler in case of stoppage of the latter through accident or for repairs, &c. 
It is also intended to fit it with two other contacts so that it may be used in addition 
as a reserve for the master-clock in the time room. 

Time Room.-Fig. 10 shows a photograph of the switch-board and the two master­
clocks in the time room. The clock on the right is the mean time master-clock, that 
on the left the siderea1. The mean time master-clock was made by Borre!, and is the 
one which was installed in 1902 in the offices of the Astronomical Branch on Welling­
ton street as a part of the experimental system before referred to. It has a pin-wheel 
escapement and a pendulum with wooden rod and lead bob. 

At the bottom of the clock-case and at one side there is a :fixed vertical electro­
magnet through which the intermittent current controlled by the primary clock :flows; 
on the lower end of the pendulum rod, below the bob, there is a horizontal brass arm 
with an iron armature attached, which is attracted by the electro-magnet while the 
current :flows; by means of the impulse thus administered every alternate second the 
pendulum is kept swinging in synchronism with that of the primary clock. It may be 
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remarked that the controlled pendulum lags in every case about half a second behind 
the controlling one; any error in indicated time is, of course, obviated by keeping the 
controlling clock that amount fast on true time. In the experimental system :first 
installed the synchronization was e:ffected in a di:fferent way; in place of the vertical 
electromagnet a horizontal solenoid was used, through which passed one end of a 
permanent bar magnet attached horizontally to the lower end of the . pendulum rod; 
the other end of the magnet ·passed through a copper cylinder which served to damp 
the oscillations of the pendulum. This system, however, was found to be open to several 
objections, the most serious of which was that if from any cause (as was sometimes 
liable to happen when wires from one building to another were used) the synchroniza­
tion current failed to flow, the synchronized clock must necessarily stop. Hence the 
present system, due to Riefl.er, was adopted, and has given complete satisfaction. 

The electric contacts operated by the mean time master-clock are three in number; 
a diagram of the first is shown in :fig. 12; the wheel, w, is mounted on the same axis as 
the escapement wheel; the arm, a, pivoted at p, rests ordinarily against the contact 
screw, b; at the 58th second it is lifted off b by the projecting jewel i on the contact 
wheel, and at the 59th pressed against the contact screw c, remaining there till the 
60th second, when it drops back against b. Thus two circuits can be operated from this 
contact, one being closed from the 59th to the 60th second of every minute, the other 
continuously closed except from the 58th to the 60th second. 

The :first of these circuits operates a mercury contact relay in the relay cupboard 
t";t the base of the sw:tchboàrd. This consists of a pair of vertical coi1s and an arma­
ture with a horizontal arm attached; at the end of ·the arm is an adjustable vertical 
screw, which dips into a mercury cup and completes the circuit when the relay is actu­
&.ted. A relay of this type was found necessary where a fairly heavy current fl.ows 
th1'ough the point , on account of the unavqidable sparking, which would oxidize the 
points of an ordinary relay and spoil the contact. Through this mercury connection 
flows the current which actuates the electric minute dials distributed throughout the 
building. These dials contain no clock movement of their own, but simply an electro­
rnagnet with the necessary mechanism for transforming the electro-magnetic impulse3 
iLto the movement of the bands; as the impulse occurs only once a minute, the bands 
do not move gradual1y, but jump the space of one minute at a time, advancing always 
at the 60th second as indicated by the regulator. There are in the observatory twenty­
si.x of these dials, which are divided into six circuits, all passing through the mercury 
contact referred to. In addition, the tower clock of the observatory is operated by the 
same circuit, but in a di:fferent way; on account of its size, the same method would be im­
practicable in its case. The bands are operated by a small motor which is eut in every 
minute by the electro-magnet connected with the minute-dia! circuit; as soon as it has 
advanced the bands the space of one minute, it automati"èally cuts itself out, the time 
required for the movement of the bands being somewhat less than a second. The motor 
and auxiliary mechanism is situated just back of the dial, in an alcove off the equa­
torial room, and is shown in :fig. 11. The dial is of sectional ground glass, of :five feet 
diameter, and is equipped with lights for illumination. This is effected by a white 
back-board illuminated by eight 16 c.p. lamps arranged with refl.ectors in a circle around 
its edge between it and the dial. 

The second contact on the mean time master-clock consists of two springs :fixed 
one on each side of the pendulum rod close to its upper extremity, which make contact 
with adjustable screws :fixed to the case as the pendulum swings to either side; this con­
tact is intended for driving seconds-dia1s wherever required throughout the building, 
but is at present not in operation. 

The remaining contact is operated by a wheel with a single tooth, which revolves 
once every hour; at about 30 seconds before the even hour it presses a spring against 
an adjustable screw, closing a circuit; at about thirty seconds after the hour the spring 
is released and the circuit opened. This circuit operates a relay which wi1l be used 
in connection with dropping the time-ball on P arliament Hill; the arrangements for 
this hav~ been completed and the wires installed, awaiting only the final connections. 
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Th~ method of operating this circuit is shown diagrammatically in :fig. 13. The relay 
A 1s the one operated by the hourly contact in the master-clock; the relay B, which 
when actuated closes two circuits and opens a third, is operated by the same circuit as 
the relay which controls the minute..dials, from the 59th to the 60th second of every 
minute; 0 is a neutrally adjusted polar relay. The time-ball circuit passes through 
the central points of B and the point.a of C. As will rea<lily be seen from the diagram, 
when the relay A is not energized, the battery D will send a current through the coils 
of O for one second every minute, and the time-ball circuit will remain open through 
the points of C. When A is energized at 30 seconds before the even hour, the battery 
E is thrown on the coils of C, the circuit being completed at the 59th second through 
the left..hand points of B in the reverse direction to the former one, thus closing the 
time-ball circuit through the points of O. Finally when at the 60th second the circuit 
is completed thr01.:gh the central points of B, the current flows and releases the ball at 
the other end of the line. The right-hand pair of points of the relay B is to be used for 
sending preliminary signals, the arrangements for which have not yet been completed. 
In connection with this it is the intention to install a return signal to announce at the 
observatory the descent of the time-ball. 

The sidereal master-clock in the time room is a Riefler clock, with the same pen­
dulum and escapement as the mean time primary. It is equipped with a synchroni­
zation magnet similar to that in the mean time master-clock, and is synchronized by 
the Riefler sidereal standard. The electric contact operated by it is a reversing one, 
simila:c.. to that shown in :fig. 4, with the addition of another contact screw below the 
lever, and the di:fference that there is no tooth omitted on the contact wheel. The cir­
cuit controlled by it will be reversed every second, and can be used for driving seconda­
dials wherever required. 

The time room switch-board controls all the circuits connected with the time 
service. On the lovrer part of it i11 fixed a relay cupboard containing two shelves, with 
sliding glass doors; these relays are the ones which opera te all the di:fferent circuits. 
Just above the relay cupboard is a row of eighteen jacks through which the di:fferent 
circuits pass; on pushing a plug connected with the ammeter into any one of these, 
the ammeter is eut in without breaking the circuit. The switches are so arranged 
that any combination of the primary clocks can be thrown on either one of the two 
chronographs mentioned above, for purposes of comparison. Provision is also made 
for a circuit for another chronograph when required, and for the circuits required for 
longitude vrork. When the new tra)lsit building has been completed, the chronographs 
will be set up in a small room adjoining the time room, and opening directly into the 
transit room; in the meantime the double chronograph is set up temporarily in the 
time room, and the other in the temporary transit shed. 

Battery.-The battery power used for the time system is qbtained from twenty-six 
storage cells situated in the battery room in the basement. The battery room switch­
board is shown in :fig. 16. Down the right hand side of the board are two row!l of 
jacks; to one of these rows corne w.ires from the storage cells, giving a potential of four 
volts between adjacent jacks; to the other row· corne the di:fferent circuits. The con­
nections are made by plugs connected by insulated wires, as shown in the :figure. In 
this way any required voltage can readily be applied to any given circuit. The cells 
are charged weekly by the motor-generator in the workshop. 

Outside Service.-Running from the observatory to the city there are four in­
sulated wires used by the time service, in addition to tvro bare telegraph wires. Of 
these one pair runs to the time-ball on Parliament Hill ; the other pair di vides into 
four branches carrying the synchronization current for the master-clocks in the four 
government buildings. In each building there is a switch room containing the master­
clock, a switch-board and relay cupboard, a battery cupboard containing storage cells, 
and a small motor-generator set for charging the battery. As the equipments in the 
di:fferent buildings are nearly identical, it will be sufficient to describe one. The 
apparatus in the switch room in the Langevin block is shown in fig. 17. The master-
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clock is a Barrel clock identical with the one in the time room at the observatory; the 
master-clocks in the other buildings, however, were made by Rie:fl.er. The local syn­
c>hronization current is worked from a relay driven by one branch o:f the main syn­
chronization line from the observatory. The battery consists o:f nine storage cells, 
giving a potential o:f about eighteen volts; these are charged weekly. The motor­
generator set is a Holzer & Cabot machine o:f 85 watts capacity. The motor is o:f the 
induction type with a self starting device, and runs on the ordinary electric light cir­
cuit; it is coupled directly to a compound wound generator giving 2 ·8 amperes at 30 
volts. The charging circuit, which runs through a regulating rheostat on the switch­
board, is usually turned on in the evening and off the next morning. In place o:f the 
ordinary automatic eut-out in the charging circuit, which, in case o:f stoppage o:f the 
motor :for even a :few seconds due to :failure o:f current would cause the generator to 
run idle till morning, a special automatic low. resistance relay is used. This consists, 
as shown in :fig. 14, o:f a pair o:f vertical coils and an armature with a horizontal arm 
attached. In the unexcited state o:f the relay this arm makes contact with the spring 
s, completing the generator circuit through the coils o:f the relay and the resistance T. 
When the generator starts, as soon as the voltage becomes high enough to attract the 
armature, the arm a, is drawn down into the mercury cup m, making the lower contact 
just as it breaks the upper one, and throwing the battery into circuit through the 
rheostat R. 

The minute dials are in this case divided into circuits o:f ten, which branch off 
wherever convenient from a pair o:f mains running to the sw.itch-board; one o:f the 
dials is located in the switch-room to check the coincidence o:f the system with the 
master-clock. The dial circuit passes through the points o:f a mercury contact relay 
similar to the one in the time room at the observatory, and also through another relay 
which serves to open the corresponding branch o:f the main synchronization line, so 
as to :furnish a signal at the observatory. The ammeter is a double-scale Weston, the 
upper scale reading to 2½ amperes, the lower to 250 milliamperes; the shunts required 
are operated by the switch directly underneath it. The current strengths are read in 
the same way as at the observatory, by several jacks and a plug attached to the ammeter. 

Provision is made, in case o:f necessity, for working the minute-dial relays in as 
many o:f the other blocks as may be required, either from the Langevin block or from 
the parliament building, using the synchronization wires for the purpose. Thus in 
case o:f accident or repairs to any one o:f the master-clocks the dials dependent on it 
could still provisionally be kept going. 

There are in operation at present 42 dials in the parliament building, 60 in the 
'\\est block, 36 in the east block, and 48 in the Langevin block; in addition there are, 
operated from the Langevin block two dials in the old offices o:f the Astronomical 
Branch on Wellington street, now occupied by the Schools Lands Branch o:f the depart­
ment. These, with those at the observato.ry, make a total of 214 secondary dials now 
working, basides the tower clock at the observatory. 

Check-dial.-As stated above, each of the four dial circuits is made to report itsel:f 
to the observatory every minute by opening the synchronization line; a· circuit bas 
been so arranged at the observatory that these signals may operate a check-dial, shown 
in :fig. 10, above the sidereal master-clock. A diagram o:f the connections employed :for 
this purpose is shown in :fig. 15. The relay A is traversed by the main synchronization 
current; when the synchronization line is closed the circuit through its points is open, 
and vice versa. B is a di:fferentially wound, neutrally adjusted polar rela-y; through 
one pair o:f coils the maîn synchronization line passes in such a direction as to close 
the circuit through the points; through the other pair o:f coils, however, there :fl.ows in 
the opposite direction a stronger current, except :from the 58th to the 60th second o:f 
every minute; this circuit is operated by one o:f the contacts described in the mean 
time master-clock. The circuit operating the check-dial passes in series through the 
points of these two relays. Evidently it will be held open at B up till the 58th second, 
and after this, since the relay is neutrally adjusted, it will remain open till closed by 
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the flowing of the synchronization current; this will next occur at the 59th second by 
the synchronizing clock, which, it will be remembered, corresponds to 58½ seconds by 
the master-clock, due to the lag of the latter. The circuit through B, then, is closed for 
the last 1½ seconds of every minute, provided a current flows through the synchroniza­
tion line just previous to the 59th second by the master-clock. At the 59th second by 
the master-clock~ each of the branches of the synchronization line is opened by the cor­
responding minute dial circuit, and, provided there is no short circuit on the main syn­
chronization line, the circuit through the points of A is thereby closed, and the check 
dial is advanced one minute. In this way the check dial will keep true time only so 
long as there is no short circuit or break in the synchronization line, and so long as 
each of the minute dial circuits operates properly. A failure of any one of these con­
ditions makes it lose time, and give warning to the official in charge. 

In such a system of secondary electric clocks, on account of the multiplicity of 
delicate adjustments required for perfectly satisfactory working, it takes some time 
subsequent to ins}allation before everything is in proper working condition; conse­
quently a certain amount of trouble is to be expected for a time in any newly-equipped 
building. At the date of writing, however, most of these difficulties have been reme­
died, and the whole sys~m is working· fairly satisfactorily; as time progresses, it i~ 
hoped that the service will be still further perfected. 

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

R. M. STEWART, 
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APPENDIX 7. 

TABULAR STATEMENT OF LONGITUDE OBSERVATIONS, 1885 to 1904. 

W. F. KINo, Esq., B.A., LL.D., D.T.S., &c., 
Chief Astronomer, 

Department of the Interior, 
Ottawa. 

OTTAWA, ÛNT., October 31, 1905. 

Sm,-I have the honour to submit herew.ith a summary of results, arranged 
iu chronological order, for differences of telegraphic longitude between stations ob­
served from 1885 to 1904. 

In comparing the summary with the table of astronomical positions published in 
appendix I, part IX, of the annual report of 1904, a few slight discrepancies will be 
observed. It may be explained that this arises from the fact that the results for differ­
ence of longitude have been recomputed within the past year. 

As a description of the stations was given in the above mentioned report of 1904, 
it has been considered unnecessary to repeat the information here. 

A synopsis of the summary with the longitude of stations will be found on page 
277. 

I have the honour to be, sir, 
Y our obedient servant, 

J.MACARA. 
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l 23 17·24 l 23 17 ·0G 8 25 42 ·47 ·· · ·• ··· 7 OG 32 ·03 ... . .. . 
1 2~ l!J · ]4 1 2:l 19·03 8 25 46 ·65 .. . ..... 1 7 OG 34 ·3G . .. . .. 

Mean ...... .. . .... . . . . . . . .. .. .. . . 
PerRonal equation. . ... . . . . ... . 

Signais. 

m. 

4 
4 

S. 

OG·So 
OG ·85 

m. s. 
4 06·752 

·242 

Signais. 

IYl. S. m. S. 

4 06 ·62 4 06 ·71 
4 OG·74 4 06 ·795 

Observera, \Vest , T . DRUMMONO. 
6 "/.. .. ...... ... ....... .. . . .• .... . .. East, O. J . KLOTZ. 4 06·994 

Time of 
Trans-

Proba- ,nission. 
ble ,:, 

Error. 
- - - - --- - -----

s. t::, 
t,;i 

. .. · · · • ... . .... ·090 
. . . · •· · ... ·055 

~ 
~ 
~ 
'"3 
1::: 
t,;j 
~ 
"'3 
0 
~ 

'"3 
~ 
t,;j 

.... 
~ 
'"3 

~ 
0 
~ 

01 
1 

Q) 

rn 
0 
:E 
> 
::i:, 
0 ' ~ 
-.,,. .... 

~ 
CO 
0 
Q) 



DIFFERENCE OF LONGITUDE BETWEEN KAMLOOPS AND PORT MOODY. 

Drn'ERENOR. 
ÛLOOK ÛORREOTION. 

OF ÛHRONOORAPH . 

D ATE. 

\VestPrn Ea.;,tern \Vestern Proba- Eastern Proba• 

Signais. Signais. 8tation. ble Station. ble 
Error. Error. 

- - ------ - ·--- ---- ---------
1885. h. Ill. S. h. m . S. h. m. S. h. m. S. 

Aug. 11 .... ,-1 21 44 "58 - 1 !ll 44·651 + 7 07 02 ·31/ ..... .. · ]+8 38 52 ·23, ....... · I 
" 12 .. .. - J :n 47•33 - 1 21 47·40 + 7 07 05-23 ...... . . +8 38 58·05 ....... 

Mean .. ............. .. ..• . . ...... 
Persona! equation ... . 

Oùservers, West. O. J . KLOTZ. 
East, T. DRUlfMOND. 6 x .. ............ ..... ... ........ . 

DH'FERENOE OF LONGITUDE. 

-------. 
vVestern Eastern 
Signala. Signais. 

---- --- - -----
m . S. 

10 05·281 10 05· 49 

m. S. 
10 05 ·350 

- ·242 

10 05 "108 

m . S. 

10 05 ·211 
10 05" 42 

Mean. 

m. S. 

10 05 ·245 
10 05·455 

(/) 
IT1 
(/) 
en .... 
0 H 
z 

Time of 
Trans• 

> r 
Proba- n1ission. 

ble i·. 

Error. 

"'IJ 
> 
"'IJ 
Ill ---- ------ ::u 
z 
? 

... ····I· •······ . ... . .... 

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

I\J ~ 
QI l'.'!l 
C' ~ 

C 
~ 
-3 

C 
"',l 

-3 
t:1.1 
l'.'!l 
Q 
t:1.1 ...., 
~ 
"',l 

i,... 
~ 

~ 
C 
~ 
C 
r;:: 
~ 
~ 



DIFFERENCE OF LONGI'l'UDE BETWEEN KAMLOOPS AND REVELSIOKE. 

D1n1mENeF. 
o ~· CHRONOGRAPH. 

D ATE. ---
\Vestern E wstern 
Signais. Signais. 

---- - ---- - - ---
1 

1886. h. m. B. h. m. a. 

Aug. 15 ... . 7 48 15·673 7 48 15 ·653 
" 15 . ... 48 16 . 1231 48 16 ·084 
" 1G 52 10 ·689 52 10 ·658 
" 17 .. . . 56 04 · 453 56 04 -434 
" 17 .... 56 05- 070 56 05" 051 

Oœervers, West, W . OGILVU:. 
East, O. J. KLOTZ. 

CL0eK CORRE<1r1oi.. DIFb'ERENeE OF L0NGITl'0E. 

----
Western Proba.- Eastern Proba.- Western 
Station. ble Station. ble Signais. Errer. Error. 

---- - - --
h. m. s. s. h. m. s. s. m . s. 

9 4] 
41 
45 
49 
49 

41 ·582 ± ·024 2 01 55• 457 ± ·022 8 29 ·548 
42 ·285 ± ·023 01 5ô •4C3 ± ·022 ·301 
39 -554 ± ·023 01 58·084 ± ·017 -219 
J6·177 ± ·017 ù2 01 ·388 ± -023 ·664 
36 ·804 ± ·017 02 01 •396 ± ·023 ·6(j2 

m. S. S. 

W eighted mea.n. . . . . . . • . . . . . . . . . 8 29 · 469 + · 014 
Persona.! equa.tion... . ... . .. . . . . . -· 409 ± ·OJ7 

!S>-.. . . .• ... .. . 8 28·970 ± ·022 

.. 
Eastern 
Signais. l\ie,i,n. 

m . s. m. s. 

8 29 ·528 8 29·538 
·262 "281 
·188 ·203 
·645 65-1 
·643 ·652 

Time of • 
'rran~-

Proba.- mis~ion . 
ble v. 

Errer. 
-----

S. s. S. 

± -033 ·069 ·010 
± ·032 ·188 ·019 
± •029 ·266 ·015 
± -029 ·185 •009 
± ·029 ·183 •009 

t:, 

~ 
~ 
~ 
>-;i 
~ 
l:!;j 
~ 
>-;i 

C 
"l 
"3 
1:1:1 
ll!I 
..... 
~ 
"3 
t'i:I 
~ 
0 
~ 

OI 
1 

OI 

'" 0 
~ 
► :D 
0 

!:: 
-
"!> ... 
C0 
0 
CIi 



DIFFERENCE OF LONGITUDE BETWEEN KAMLOOPS AND FIELD. 

DIFFEll&N0& 
OF ÜHRONOORAPH . 

DATE. ---------
Western Eastern 
Signais. Signais. 

--- - ----
1886. h. m . s. h. m. S. 

Sept. 7 .. 9 17 34·666 9 17 34'619 

" 10 . .. 29 10·55ti 29 10·494 

" 10 . .. . 29 H ·O·H 29 10 •993 

" 11 .... 33 03 ·758 33 03 '708 

" 11 33 04'416 33 04-402 

" 12 .... 36 55-595 36 55 ·583 

" 12 .... 36 56 ·040 36 56·004 

" 12 ... . 36 56·606 36 56"574 

Observers, West, W. ÜGILVIE, 
East, O. J. KLOTZ. 

0 

ÜLO0K ÜOllREOTION. DIFFEllENO& OF LONGITUDE. --Western Proba- Eastern Proba- Western Easti,rn 1 
Station. ble Station. ble Signais. Signais. Mean. 

Error. Enor. 
---- ---------- ----- ------
h. m. S. s. h. m. B. s. m. ~- m . S. m . ij, 

1112 12 ' 630 ± ·032 2 09 57-495 ± '066 15 l9 ·(;30 15 19·483 15 19·507 
23 53-954 ± ·017 10 03·035 ± ·019 ·637 ·575 ·606 
23 54· 732 ± ·017 03 040 ± ·019 ·352 ·301 ·327 
27 60 ' 417 ± ·015 06 ' 072 ± ·020 ·413 '363 ·388 
27 51'064 ± ·015 06 ·079 ± ·020 '431 ·417 '424 
31 44 -154 ± ·orn 08·023 ± ·02-1 ·465 '452 ·459 
31 44 "634 ± ·018 08·029 ± ·024 •435 -399 ·417 
31 45'065 ± ·018 os ·o34 ± ·024 ·575 -543 -559 

m. S. S. 
Weighted mean .............. 15 19 ·452 + ·010 
Persona! eqnation .... .. . .. .. . .. -·499 ± ·017 

1 

IS'A.................. .. . .. . .. . 15 1s •953 ± ·020 

C/) 
11'1 
C/) 

~ ;r 0 
z 

T ime of 
·---- Trans-

> r 
P roba- mission. 

ble i·. 

"0 
> 
"0 

Error. 11'1 
--- ------ ;,;i 

z 
S. B. s. ? 

± ·073 ·055 ·023 
± '025 ·t54 ·031 
+ ·025 ·125 '025 ± •025 ' 064 ·025 

1\) ~ 
01 t!I 
&:T ~ 

C 
~ 
"3 

± ·025 ·028 ·007 
± '031 ·007 ·007 
+ ·030 ·035 ·ois ± ·030 ·107 '016 

C 
"'J:I 
"3 
l:l:I 
t'!l 
c:i 
l:l:I .... 
t'!l 
"'J:I 
i,.. 
12'2 

~ 
C 
~ 
C 
l:c: 
t!I 
~ 



0 

DIFFERENCE OF LONGITUDE BETWEEN CALGARY AND KAMLOOPS. 

DIFFERENCE 
OF CRRONOGRAPH. 

DA1'K. 

\Vestern Eastern 
Signais. Signais. 

-------
1886. h. m. S. h. m. S. 

et. 2 .... 10 5-1 53-1520 10 54 63"460 

" 
" 

" 
" 

" 
" 
" 
" 

2 . .. 54 -340 54·274 
2 .... 64"872 54"819 

3 .. 16 58 48'144 10 58 48 '095 
3 ... "546 ·503 

10 ... . 11 25 48 . 1061 11 25 48·030 
10 .... 48'616 48 '539 
10 .... ' 4!1'086 49 '008 
10 .... 

49 :9881 
4\J '922 

Obseneri;,, West, \V. ÜG!LVlE, 
East, O. J. KLOTZ. 

1 

C LOCK CORRE<rrION. DIFFERENCE OF LoNGITUOE. 

Western Proba· Eastern Proba- ·western Eastern ble ble Mean. Station. Error. 3ta.tion. Error. Signais. Signais. 
------- ------

b. m. B. s. b. m. B. S. m. 8. m. B. m. S. 

12 50 36·6381 ± ·029 2 20 47"288 ± ·017 25 04 ·270 25 04'210 25 04 '240 
37'650 + ·029 47· 313 ± ' 017 04 "003 03 ·937 03 ' 970 
38·2731 ± '029 47-324 ± ·017 03 '923 03 '870 03·897 

----

12 54 34 "526\ ± ·021 

Weig't'd mean 25 04'036 
-----

2 20 50 '787 ± ·020 25 04'405 25 04'356 25 04"380 
35 "030 ± ·021 •794 ± ·020 '310 '267 ·289 

Weig't'd mean 25 04'334 
--- --

13 21 50'215 + ·026 2 21 15·241 1 ± ·013 25 04 ·132 25 04 '056 25 04'094 
'705 + ' 026 '248 + ·013 ·rn9 ·082 ·120 

22 00 ·195' ± ·02r; .,,,1 ± .,,,, ·147 ·069 ·108 
0l ' 005 ± ' 026 · 267 ± ' 013 ' 250 . 1841 ' 217 

Weig't 'd mean 25 04 ·135 

Ill. 8, S. 

Final weighted meau. . . . . . . . 25 04 ·158 ± ·010 
Persona) equation..... -·499 ± ·017 

/\ ">-..... ............ . . . 25 03 "659 ± ·020 

• 

• 

Time of 
Trans• 

Proba- mission. 
ble 1). 

Error. 
---

s. S. S. 

± ·034 ... . .. 0·30 
± ·034 0 ·33 
± ·034 ........ 0 .27 

± ·019 ·122 

t::, 
t!:J 
~ 
~ 

± ·029 .. ...... •025 ~ 
± ' 029 ··· ·· ··· ·022 t;:i 

!<:i 
± ·020 ' 176 

..,, 
C 

± ·029 ... .. . . ·038 "11 
± ·02fl · ·· ····· ·038 ..,, 
± ·029 ........ '039 
± ·029 ... .... ·033 

~ 
t:,l 
..... 

± ·016 ·023 !<:i 
~ 
~ ..... 
C 
~ 

U1 
1 
a, 

111 
0 
~ 
> 
:X, 
0 

~ 
-..,. 
.... ... 
C0 
0 
a, 



DIFFERENCE OF LONGITUDE BETWEE 

DIFI'ERENOE 
o~• CHRONOORAPH. 

CLOOK CORRECTION. 

WINNIPEG AND KAMLOOPS. 

ÜH'FEIIEN('E 0~' Î...ONGITI:DE. 
Time of 

Trans-

Cl> 
rn 
Cl> 
~ 
0 
z 
)> 
ï 

DAl'E. 
1------- _____ , ____________ ______ -------------

.Proba- Western Eastern Proba- mission. ~ Proba­
ble 

Error. 
Western 
Signais. 

Eastern 
Signais. 

Western 
Station. 

Eastern 
Station. ble s· l c,• l Mean. ble t•. -o 

Error. ,gna s. .-:ngna •- Error. rn 
--'----1 ---------------------------- ::0 --------- -----------1---

188û. h. m . s. h. m . s. h. m. S. S. h. m . 8, S. h. m. S. h. m . s. b. m. s. s. S. 

Nov. 9 .. . . 
9 . .. . 
9 .. .. 

JO ... 
10 . 
10 . ... 
10 ... 

12 .... 
12 .... 

14 .. . 
14 ... . 
14 ... . 
H .. .. 

13 22 05 ' 146 13 22 04-922 15 20 02 -201 
05· 592 cr, · 363 , 02 · ;s2 
0fi · 476 06 ·235 03 ·600 

± ·014 3 30 44'888 ± -023 1 32 47·743 1 32 47 ·519 1 32 47"631 + ·027 ...... .. 
± ·014 ·904 ± ·023 -714 ' 485 ·59!1 ± ·027 . ... ... 
± -014 931 ± -023 '807 ·56fi ·686 ± ·027 ... 

Weig't'd mean _1~47'639\ ± ' 016 ·017 

13 25 55'156 13 25 54 · 90 15 23 59"940 + 020 3 30 52"561 ± ' 024 1 32 47 ·777 l :!2 47·511 1 32 4'1 ·644 ::t: '031 

56 ·12-l 55·873 24 00-9341 ± -020 '578 -+- '024 ' 768 ·517 '642 -+- ·031 ... ... .. 
56'ti50 5fi·3!l3 01 ·429 ± -020 ·587 ± ·02-1 ·808 '551 ·679 ± ·031 . ... , ... 
57· 114 56·864 01 "9:l4 ± ·020 ·595 ± · 0:l4 ·785 ·535 ·660 ± -031 . ....... 

-----
Weig't'd mean 1 32 47-656 ± ·016 ·ooo 

----
13 33 37-492 13 33 37-240 Ui 31 ô0'592 ± ·020 3 31 oo·sso ± ·028 1 32 47 ·788 1 32 47'536 1 32 47 ' 6û2 ± ·034 ....... 

3R ·002 37 -743 51-os1 ± -020 -900 ± ·028 ·821 ·562 ·692 ± ·034 
--- --

Weig't'd mean 1 32 47'677 ± '024 ·021 
- ----

13 411s -350 
1s · 68 
10 · 396 
19 -935 

18 '5!1 44-094 + ·020 13 '000 + ' 015 -774 '498 ·636 ± '025 ...... .. 
1!) ·1J3 H ·5S8 + ·020 13 ' 013! ± -015 ·821 ·537 ·579 ± ·025 ...... .. 
19 ·654 45·083 - ± ·020 13 ·025

1 

± ·ous 78 ·596 _ __ ·737 ± ·025

1 

....... . 

Weig't'd mean 1 32 47·662 -± ·014 ·006 

13 41 ]8 ' 064~ 15 39 43 ·600 + ·020 3 31 12 ' 987 + ' 015 1 32 47 ·737 1 32 47'451 1 32 47·5941 -±- ' 025 .... .. . 

------'-----------'----------'----------'----'---------

Observera, \Vest, \V. ÜGll, VIE, 
East, O. J. KLOTZ. 

Final weighted mean. . .. . . . . . . . . . . . . . . 
Persona! equation. . . . . . . . . . . . .. . ... . 

IS>-. to old ol,servatory, Winnipeg .... . 
6,X survey connection . . . . . . . . . . 

b. m. s. 
1 32 47 "65(; 

- •499 

1 32 47'157 
-2'242 

D,À to new observa.tory, Winnipeg .... 1 32 44 ·915 

s. 
t ·008 
± ' 017 

±- ·019 

± ·019 

s. 

·112 
·115 
·120 

·133 
' 126 
' 128 
·125 

'126 
·130 

' 143 
·138 
·142 
·141 

z 
~ 
Ill 
a, 
cr 

~ ..... 



DIFFERE rcE OF LONGITUD.E BETWEEN W APEL.LA AND WINNIPEG. 
-

Dn•n; RENOE. 
ÜLOCK ConREOTION. oi· ÜH!!ONOGRA.PH. 

DATE. --------
Western Eastern Western Proba- Eastern 
Signais. Signais. 8tation. ble Station. ErL·or. 

------ - -- - --- -----· 

1887. h. m . s. h. m . S. h. m . s. s. h. m. 's. 
June 30 .. . ·1 51 ·221 51 ·1331- 4 25 02· 613 ± ·023 - 4 06 32 ·444 
July 1. ... 48 ' 923 48 ' 856 - 03·791 ± '025 - :n -010 

" L: .I 45·4JG 45 ·33G- 05'(121 ± ·009 - 29 ·687 
" 41 ·GG5 41 "6141- 05·347 ± ·0()9 - 28 ·391 

" 5 ... 33 ·5()3 33· 540 - 14·328 ± ·016 - 2G · HJ8 

Weighted mean . .. . 
Persan-al eq ua.tion .. . 

·--· 
Proba• 

ble 
Error. 

···--

8. 

± ·(;17 

± · 022 
± ·027 
± ·032 
± -019 

Western . 
Signais. 

-----
m . S. 

19 21·390 
2l ' 704 
21 -350 
21·021 
21 ·723 

m. S. 

19 21·533 
- ·028 

Obs~rvere, West, O. J. KLoTz, 
East, W. F. KŒG. 

6 À to old observa.tory, Wi{nipeg . .. .. .. 19 21 · 505 
(\À survey connection... .......... . . . . . - 2·242 

. ·. f\.À to new observa.tory, Winnipeg... . . 19 19 ·263 

Drnt'ERF.NCE 0~' LONGl'l'UDE. 

------ ---
Ea. tern Proba-

S igna.la. Mean. ble 
Error. 

------ ---

m . S. m. s. S. 

19 21 ·302 19 21·346 ± ·(128 
21 ·63i ·671 ± ·033 
21 ·270 '310 ± '028 
21 ·570 ·5!)5 ± ' 033 
21 ·6101 ·696 t ' 024 

S. 

± ·012 
± ·OJB 

± ·021 

± ·021 

Time of 
Trans-

mission. 
t'. 

S. S. 

' 187 ·044 
·133 ·034 
·223 '04.(l 
' 062 ·026 

t:::, 
t;,j 
't! 
Il>-

' 163 ·027 :,., 
"3 
1::: 
t;,j 

~ 
"3 
C 
~ 
~ 
~ 
tg 

~ 
~ 

~ 
C 
~ 

01 
1 

Ol 

ITl 
0 
:E 
)> 
:JJ 
0 

$ 
~ 

'!> ;r ... 
<O 
0 
Ol 



DIFFERENCE OF LONGITUDE BETWEEN PORT AR'fHUR AND WINNIPEG. (/) 

rn 
(/) 

D IFI'EltENOE CLOOK CORRECTION. Drn' ERENOE OF LONGITUDE. Ob' CHRONOGRAPH, 
Time of 

.... (/) 

0 
~ 

z 
> 

Date. ----- ------ ----------- Trans-
Western Eastern Western Proba- Eastern Proba- Western Eastern P roba- \ 1nission. 
SignaJs. Signais. Station. ble Station. ble Signais. Signais. Mean. hie 11, 

Error. Error. E rror. 

r 
"D 
> 
-0 
rn ------- -------- ---------- ------- ------- ---- ------ ::0 

~887. m. s. m. s. h. m. S. s. h. m. S. S. m. S. m. S. m. $. S. S. s. 

July 22 .. -1 13 "391 13 "307 - 4 06 01 ·887 ± ·02!J - 3 34 35·275 + ·012 31 40 ' 003 31 3!)·!)19 31 39 ' 960[± -0311 ·131 ·042 
" 26 _ .. 28'392 28·310 - 05 54-533 ± ·033 - 34 42 681 + ·020 40 '294 40·212 40'253 + '038 ' 1()2 ' 041 
" 27 .. , 31 '494 :-11'428 - 05 52' 479 ± -033 - 34 43 ·7!)3 ± ·019 40 ' 180 40'114 40 ·1471± '038 ·oM ·0:13 
" 

30 _. _ 44 '886 44'816 - 05 45·904 ± ·033 - 34 50 ·602 ± ·012 40 ·188 40 '118 40'153'+ -0351 ·002 ·035 
Aug. 29 ... 23 -499 23-432 - 04 ,,19- 932 ± ·030 - 36 33·388 ± ·022 40 "043 39 ·97ü --10·009j± ·035 ·()82 ·03 l 

1 ' 

z 
!=> 

~ Il) 
01 
C" C 

~ 
~ 

C 
"'li 

m. S. s. ~ 

Observers-West, ,V. F. KING. W eighted mean . _. · ·· · •···· 31 40 ' 091 ± ·025 
East, 0. J. K1,0T~. Persona! equation . . . . . . .... ·101 ± ·017 : 

c::i 
/':,À to old observatory, Winnipeg ····· ····· 31 40 '192 ± ' 03] 
6 À survey connection .. . _ ..... + 2·24~ 

~ ...... 
t:);j 
"'li 

. ·. /\À to new observatory, ·winnipeg . ...... 31 42'434 ± ·031 i,.. 
Qi 
~ 
~ 
C 
~ 
C 

= 



DIFFERENCE OF LONGITUDE BETWEEN WINNIPEG AND KALMAR. 
-- -- ·- -- -

1 DIFl'ERENCJ; 

1 

Ü I,OCK ÜORREC'r ION. DIFFERENCE OF LONGITUDE. 
1 

Of ÜURONOGHAPH. Time of 
lJate. - -- Trans-

, vestern Eastern Western Proba- Eastern Proba- W estern Eastern Proba.- mission. 
Signais. Signais. Station. ble Station. ble Signais. Signais. Mean. ble ,,. 

Error. Error. Error. 

1-n~~~-
---- - - ------ ---- ---------------

1887. m. S. 11. 11 1. S. S. h. m. S. s. m. s. m. s. m. S. ~- S. S. 

Sept. 30. - 5 4() ·325 - r, -1!1 ·301!- 4 03 22·G861±- ·025 - 4 00 81 ·507 ± ·orn 8 40 "504 8 40 ·480 8 40 ·4!)2 ± ·031 ·0-10 ·01 
Oct. 3 . .. - 6 07 ·038 - r, 01 ·012 - o:i n8 ·932 + ·OJ!l - 35"469 ±- ·015 40 "50] 40 ·475 "488 ± ·024 "044 ·01 

" 4 . - (j 16 ·!150 - (j l(j·(J21i1- 02 5!) ' 230 -±- ·007 - 35 ·414 ± ·023 40·76G 40 '742 •754 ± ·024 ·222 ·01 

" 5 .... - (j 22· 1181- i; 22'096_- 02 52'8161+ ·021 - 34•429 ± ·010 40 '505 40'483 '494 ± ·023 ·038 ·01 

2 
3 t::, 
2 ~ 

1 "cl 
i,.. 
~ 
'"'.l 

m. s. S. 1::: 
Observers- W "lst, \V. l!'. K ING. 

East. O. J. K LOTz. 
Weighted mean . . . . . . ...... . 
Persona! equation .... ,, .......... . ... .. . 

8 40·532 ± '013 
-· 056 ± ·017 

t,;j 
~ 
'"'.l 

Ô À to old observatory, Winnipeg . . . .... .. . 
f\À snrvey conJ:1 ection. . . . . . ... .... . 

8 40"47G ± ·021 
+ 2 ·242 

C 
"'il 
'"'.l 

. ·. Â À to new observatory, \Vinuipeg . .. . .. . 
---
8 42 "718 ± ·021 : 

..... 
~ 

~ 
~ ..... 
C 
~ 

0, 
1 .,, 

!Tl 
0 
~ 
> 
::0 
0 

:s 
-.,,. ~-
<O 
0 .,, 



Date. 

DIF.FERENCE Ol!' LONGITUDE BETWEEN EDMONTON AND WINNIPEU. 

DIFE'E RllNCE 
OF CHRONOGRAPR. 

CLOOK CORRECTION. DIFf'R:llF!NOE OF L ONGl1'UDE. 

en 
m 
en 
en 
0 
z 
> r --------- - -------------------------------------------

Time of 
Trans-

Western 
Sign:11s. 

Eastern 
Signais. 

WP.stern 
Station. 

Proba­
ble. 

Ern,r . 
Sto.tion. ble Signais. Signais M e:in. , bl,· i·. -o 

-------------·!-- ----·!----

Ea tern Proba- Western Eastern I f Prohn.- mission. ~ 

Error. I , 1<,rr'::'.::_ _ _ ___ ~ 

1888. m. S. 

July 8 ... . 0 5g• 690 

" !l ... 1 01 ·025 

" 10 . .. . 1 01 ·004 

" 11 .... 1 02 ·222 

" 16 l 13 ·873 

" 18 1 17 '873 
" 19 .... 117 '889 

" 20 ... 1 22 ·136 

m. s. h. m. s. [ 

0 59'603 - 1 04 08·795 + 
1 00·902 - 1 04 07 .182 ± 
1 00 ·916 - 1 04 06·736 ± 
l 02·106 - 1 0-1 05.124 ± 
113'783 - 1 03 53 -337 + 
1 17 ' 787 - 1 03 50·447 ± 
1 19 •797 - 1 03 48 ' 983 ± 
1 22-000 - 1 03 48 ' 684 ± 

S. 

·014 
·OJS 
' 033 
' 013 
·013 
·012 
·036 
·0121 

s. s. h. m. s. 1 h. m. s. h. m. s. 1 s. ? 

HJ'868 ± ·007 1 05 2s·353 1 05 28·266 1 05 28·310 + ·0 11 ,..., 
20·231 + ·024 2s ·-1:3p 23-315 28·376 + ·o::i, ~ 
20 ·56fi :±: ·015 28·300 2s ·219 2S·2G2 + ·os, 
2l·Oï!) ± ·015 •2lH25 2 '309 28 ' 367 + ·O:lf 
21 ·225 ± ·ooo 28·435 2s ·:i-1~ 23 ·:ioo + ·w 

S. ~-
·009 ·043 
·057 ·001 
·o:w ·044 
'048 '057 
·0;1 '045 

19 ·543 + ·009 28·415 28·32:'! 2 ·s,;!) + ·o:3, 
·0-!3 

·050 '046 
'074 ·063 

1!)·976 ± ·011 28 ·29(;1 28 ·210 28 ·2531+ ·011 

19-493 ± ·0111 2s·3rn 2 ·177 2s·24r;I± 021
1 -----'---------------------------'-------- ___ _:,_ __ _ 

'OGHI 

Observera- \Vest, O. J. KLOTZ. 
East, W. F. Kma. 

• 

h. m. s. s. 
W eighted mean . .. . . .. .. .. .. .. .. .. 1 05 28·319 ± ·007 
P ersonal equation. .. .. . .. . .. . .. .. . .. - ·354 ± ·013 

Ô À ..... ...... .... . 1 05 27'965 ± -015 

8l 



DIFFERENCE OF LONGITUDE BETWEEN WHŒIPEG AND ONION LAKE. 

Time of 
DIF FK RE NCE 

0 1' CHRONOG RAPH. CLOOK CORRECTION. DIFh' ERENOE OF LONGI'l'UDE. 

Date. ---------------------- ------,-------- ---- - - Tra.ns-

S ._. l s· · ,. St·t,·on. ble S•·t· able s· I s· l Mean. ble v. 
\Vestern Eastern Western Proba-1 Eastern Proba- Western Eastern l'roba- mission. 

111 ua s. , 1gnaL~. _~ _ __ Error. .,,. 10n. Error. 1gna. s. , 1gna B. Error. 
---- ------- ------ ------- ----- ---- - ---- -- - - ---

1888. 

Sept. 1 . . 
3 . .. 
4 .... 

t ::I 8 .. . 

na . s. 

4 25 "628 

3 57 ·1s1 
4 04 ·201 
4 07 "071 
4 13 ·6121 

m. s. 

4 25 "563 -
3 52 ' 774 -
3 57 '076 -
4 04 '103 -
4 06 ' 9651-
4 13 "560 -

Observers-W ~st, O. J. Kr,OTz. 
East, \V. }'. KING. 

m . B. 

47 13 '193 
47 06 '134 
47 02 ' 780 
46 57 ·529 
46 54 ·521 
46 50 "587 

B. s. 

± ·014 - 11·393 ± 
± '013 + 28·273 ± 
± 

ml 
+ 27 ·327 ± 

± + 25 ·626 ± 
± ·023 + 25 ·792 ± 
± ·020 + 23 ·]621± 

S. 1 m. s. m. B. 

·015 51 27 '428 51 :!7 "365 
·012 . .. ....... .. .. ....... .. 
·013 27 ' 288 
· W.) 27 · 356 
·017 27 ·384 
·013 27 ·361j 

27 ' ]83 
27 ·258 
27 ·2781 
27 "301 

ID, B. S. 

W eigbted rnean .... .... . .. ... .. .. . .. . . 51 27 ·287 ± ·OOS 
P ersonnJ equatio11 ....... .. .. .. ... . .. . . - ·454 ± ·010 

A x .. ..... . . ... . .... . . . . . 51 26·833 ± ·013 

m. s. 

51 27"396 + 
27'181 + 
27 ' 235 + 
27 ' 307 ± 
27'3311± 
27 '330 ± 

S. 

·020 
·017 
·022 
·014 
·028 
•024 

S. S. 

·099 ' 032 
·106 
'052 ·053 
·020 ·049 

·0441 ·053 
' 043 ·031 

t; 
t!l 
"t1 
I>--
~ 
"'3 

~ 
~ 
"'3 
0 
~ 
"'!J 
~ 
t!l 

"' ~ 
"'3 
t,'j 
~ 

"' 0 
~ 

X: 
"' 0 
~ 
► ::a 
0 

!:: 
;-

~ ... ;;-
8 
OI 



DIFFERENCE OF LONGITUDE BETWEEN MA'fTAWA AND OTTAWA. 

D IFFERENCE 
OF CHRONOGRAPH. 

CLOOK C ORRECTION. DIF~'ERENCE 01' LONGITUDE. 

Date. --·- ----------·--- - ------- - ---------------------------- - --
Time of 
Trans-

Cl) 
m 
Cl) 
Cl) 

0 z 
> r 

Western Eastern Western Proba.- Eastern j Proba.· Western Eastern Proba- mission. ~ 
____ --~-ig-na._Is_. ___ s_'ig_n_a._1_.s. __ 

1 
__ s_ta._ti_on_._ , _F_;~;-~_r. _ __ s~:o~-- _

1

_E_?_~;_~r_. _ _ s __ ig_n_a._ls_. _ _ s_ig_n~-- _ --M-ea._n. __ _ E_ ~;_~r_. _
1
_·. _ _ __ ~ 

18!J0. 
Sept. 14 ... 

16 .. 

m. 8. 

12 17 '1ï3 
22-100 

m. s. 

12 11·121 
22·074 

Ob•ervers-\V est, K DEVILLE. 
E ast, W. F . KrKG. 

s. s. s. S. m. s. m. S. 

20 ·967 ± ' 009 
20 ·247 ± ·on 

3 '042 + 014. 
3- 27s ± ·ooo 

J1 5!)·248 
59·140 

11 59 ·196 
5!) ·105 

w ·eighted mean ........ . ..... , ..... . 
P ersona! eq nation .. . . ............. . ... .. . 

111, s. 
11 59 ' 172 ± 

- ' 152 ± 

S. 

·010 
·orn 

6 x.................. .... . .. ....... . . .. . n füJ·o20 ± ·022 

m. S . S. s. 

11 5n ·222 + ·011; .... . .. . 
59 '122 ± ·01:i .... .. . 

z 
!> 

·02fi ~ 
·018 o-

... 
M 



J 

J 

DIFJfERENCE OF LONGITUDE BE'rWEEN MONTREAL AND OTTAWA. 

J•' r'E I\E~CE 
C:1,0CK COtlllEC'rtON. DTFFERENCJl: OF LoNCH1'UDE, lltONOGRAPIJ. 1 

189ü. 

4. 

G. 

" 10 . 

" 12 . 

,vrstrn 
Sig·nalH 

1 

lll. 8 

9 03 · 

06 

l!) · 

22 · 

480 

·Hl!I 

431 

149 

102 

1 

--·-- -.,-----
0 1 Before 8ignals. Easttrn ·.; 

Sign,ils. 1 il At T, 6 T 
----------

111 . H. ,h. m. S. 

H 03 ·457 W . 17 13 - 3·206 
E . .. 13 30 - 35·165 

06 "4.64 W . li 13 - 3-206 
E. .. 13 30 - 37-955 

09 · 417 W . 16 00 - 3-201 
E. .. 13 30 - 40·816 

19"128 W . · ····· .. . .... . 
E. .. . . . . . . . . . . 

22·153 W . 14 00 - -1·219 
E. . . 13 30- 54 "808 

- -- -
Observera, West, C. H. McLEOTt. 

----
After Signais. At Signais. Western Eastern 
At 'l\ /\T AtT 6 T € 

, 'ignals. Signais. 
-------- --------

h. m. S. h. m, 
S. 1 S. 

m. S. m. s. 

16 00 - 3 ·201 15 13 -· 3·207 + ·018 
17 45 - 35 "609 15 22- 35 · 360 + ·010 8 31 ·327 8 31 ·304 
16 00- 3 ·201 15 13 - a· 2011+ · 024 
16 50 - 3 "391 15 22 - 38"199 + ·010 ·501 "476 
16 00 - 3·082 15 28 - 3"085 ± "017 
.. ... . ... .. 15 37 -- 41'064 ± "011 ·452 ·.j38 
16 

l 
4."367 15 34 - 4"361 ±' 014 

16 52· 152 16 43 - 52"0891±· 021 ' 421 ·400 
16 00 - 4"207 15 39 - 4·209 + ·ois 
17 20- 55-043 15 49 - 54-941 ± "014 ' 460 ·421 

m. S. S. 
East, W. F. KING. ,veightt,d mean ., ..................... 8 31·415 ± "011 - -

'.'.': 1 

Ill , 8. 1 m. s. 

fi 50 -001. 9 fJ0·4f,3 W. 
E. .. 

\J 52 ·537 !J 52 -493 W. 

!J 54-339
1t·: " 28. () 5-J ·3fH 

uly 1 . 10 01 ·u2G 10 01 ·904ii·: 

" 2 . 10 04 -3 5 10 onn2/t· : 
IE ... " 16 . 10 32 · 10!! , 10 ;32·067 W . 

1 
E. .. 

Obserl'erij, West, W. F. KING. 
l<~ast, C. H. Mr•T,,:oo. 

b. 

1G 
16 
1G 
15 
15 
18 
15 
16 
1H 
16 
16 
lG 

Ill. m. S. lh. m.j ro. s. h. IT!. m. s. S. m. s. m. S. 
1 

00- 7-390 18 00 - 7·452 16 47- 7-414 ±' 010 
s 31 ·a2s/ 16-1 26·338 17 62-1 2H·662 16 57 -1 26·549 ±" 017 8 31·3GG 

20 - 7·738 16 45 - 8"285 17 041- 7-755 + ·011 
10 - 1 28"676 18 02-1 28·960 17 14 - 1 28·881 ±" 017 ·411 ·367 
46- 8·285 19 00 - 8·281 lfi 68 - 8·283 + 002 
02 - 1 28·960 18 04 - 1 31 ·335 17 0~ - 1 31'243 + ·018 ·4011 ·379 
15 - 7 958 19 10- 7-917 17 0!l - 7·938 ± "010 
33 - 1 38·387 19 13 - 1 38"643 17 19 - 1 38·461 +·015 ·403 ·381 
20 - 7 ·857 19 00 - 7·9fi4 17 17 - 7·895 ±' 012 
191-1 -10'827 18 21 - 1 41 ·040 17 27 - 1 40 ·946 ± "014 ·334 ' 311 
00 ·- 13"567 19 20 - 13·660 18 03 - 13'624 ± "0l:3 
30-214 "147 19 21 -2 14-551 18 13 -2 14-390 ±'015 •343 '301 

m. 8. S. 

Weighted me:.n.......... . . ... .... . 8 31·361 ±" 007 

~ )\ ..... . .. .. . . . . . • . .. .. . . . . .. . • .. 8 31"388 ±"007 

---
Prob-

Mean. able i·. 

Error. 
--------

m. s. S. S. 

8 3t·315 ± ·021 ·100 

"488± ·026 ·027 

·4J5 ± ·020 ·07(1 

·-111 ± '026 ·004 

·441 ± ·023 ·026 

m. s. 1 S. S. 

, 3l·3<r ·019 ...... 
·389 ± ·020 . .. 

·3()0 + ·018 .. .. 

-3921: ' 018 . . . . . ' 

·323 ± ·ois ' ' 

"322 ± ·020 ...... 

~ 
00 

,;, 

" ., 
8,:: 
.... 0 
O•;j ., ., 
.§ § 
E-< --

S. 

·on t, 

·012 

·001 

·010 

~ 
~ 
~ 
l:,;j 
:.:: 

·019 '3 
0 
"!j 

'3 
b::l 
l:,;j 

s. .... 
:.:: 
'3 

·orn 
t:,;j 
~ ..... 

·022 0 
~ 

'011 
QI 
1 
0) 

·on m 
0 

·012 =E 
> 
::0 

·021 0 

~ 
-.,.. .... 

>C ... 
<O 
0 
0) 



DIFFERENCE 01!' LONGITUDE BE'fWEEN O'rTA W A AND WINNIPEG. 

Dr~~'ERENOE CWOK CORRECTION. Dn•FEHENCE OP' LONGITUDE. 
i· CIIRONOG RAPll. 0 

• DATE. -------- - =------------ --
Before Signais. A fter Signais. At Signais. stern We 

Sig nais. 

--
18fl6. h. m 

July 2G ., 1 2.3 

,, :io 

31 

Aug. 2 . 

3 . 

S. 

36 ·!H9 

35·2r,2 

34·3(;() 

35- 077 

36 '888 

Eastern 
Signais. 

----

h. m. s. 

1 25 36 "541 

34 ·885 

33-994 

34 ·710 

3G · 522 

Ol>servera, West, \V. F . KI NG . 
E ast, 0 J. Iüo-rz. 

h. m. s. h. m. s. 

June 28. 1 21 :-liHUï 1 21 3fi'130 

C ·.;; 
_g 
r:n -

W . 
E .. . 
W . 
K .. 
W . 
E. .. 
W . 
E .. . 
W . 
E. .. 

\V ' 
E. .. 

" 29 . 3-1 '4 :l-l 3-1 ' 0761ii. : 

" 30 . 33' 0% 32 -rn, w . 
E. .. 

July l. :3:! '!108 32" 622 W . 
E. .. 

l i . 2li ' 224 25" 908 W . 
E. .. 

Ol>servers, \Vest, O. J . KLO'l'Z. 
East, \V. F. KING . 

Western . 
AtT, ,6T At T 2 ,6T AtT ,6'1' € 

Signais. 

---- -
h. m. S. h. m. 8. h. m.l S. "· lh. m. s. 

16 2-1 - 24 '107 l!) 25- 24 "322 18 10 - 2<1 ·233 + ·0lG 
18 00 - 17·100 Hi 40 - 18 '126 l9 35 - 17 ' 13.5 ±' 017 l 25 44·017 
17 52 - 28 ' 407 19 42 - 28 ·549 18 2.'i - 28 ' 449 ~rm1 18 15- 19-714 16 35 - 19 '887 19 51 - 19·726 43'075 
16 :~7 - 29 ' 486 l!l 17 - 29 -543 18 12- 29-520 + ·010 
18 20 - 19 ' 937 16 45 - 19 '814 1!) 37 - 19'!)3-l +> 012 43 "9,ltl 
17 ~1= 28'859 20 00 - 27 -2211 18 26 - 2 ·774 ;;- 013 
18 19"840 18 30 - 20 ·127 19 51- 19 "857 + ·013 43·fJ94 
L7 02 - 28'859 20 00 - 27 ·221 18 30 - 27 -312 ;;- 022 
18 30 - 20·127 21 10 - 20·1,!01 19 56 - 20 ·123 ±" 009 44 -077 

h. m. s. 2. 
W eighted mea.n .. .. .. .. . . .. .. . .. 1 25 43·800 ± '009 

h. m. JU. s. lh. m. l m. S. h. m. l Jll. s. 1 S. !11. m. S. 

16 
15 
15 
19 
16 
15 
15 
15 
15 
17 

-- t l(J-7!)1 
- 8" 286 
- 4 18·037 
- 8 ' 281 
- 4 19 -12-1 
- 8·037 
-4 19' 231 
- 7·958 
-4 26 928 

00 
4fj 
30 
00 
30 
60 
30 
15 
30 
30 1- 9 ·100 

16 
19 
ltl 
19 
'18 
19 
18 
19 
18 
18 

30 - 4 18 ·037 
00 - 8 ·281 
40 -4 18 ' 177 
40 - 8 ·321i 
00 - 4 19 ' 080 
00 - 8 ·087 
00 -4 18·960 
10 - 7 '917 
10 - 4 26·968 
40 - 10 -125 

16 27 ·-4 rn·8l6l± ·o16 
17 49 - 8 ·282 ± ·oos 1 25 44 ' 030 
17 00 - 4 18·103 ± "007 
18 20 - 3-323 ±" 028 44 '204 
1G 38 - 4 19'104 ±' 015 
18 00 - 8 ·011 ±'012 44'129 
16 65 - 4 19'07i ± "013 
18 17 - 7 ' 926"± '010 44-059 
17 03 - 4 2G·95l l± ·015 
18 24 - 9·1361±" 010 44 ·039 

h. m. s. s. 
vVeighted mean .. . .. .. ... . ... 1 25 43"910 ±" 009 

/\À .. ...... .... . . .... . a,, , .. . ... 1 25 43 "865 ± '006 

Prob-Eastern Mean. able Signais. Error. 

h. m. S. 1h. m. s. S. 

1 25 -13·639 l 25 4:J·R28 ± ·023 

GOS ' 7!)2 + ·0 17 

·680 ·763 ± '016 

'627 .:810 + 018 

-711 ·89-1 + ·024 

l1i. 
1 

h. m. S. Jll, fi. S . 

l 25 43 ' 664 l 25 -13" 847 + ·018 

43 "856 44 ' 030 + '029 

43-779 43 ·!)54 ± '019 

43-773 43·füG ± '016 

43 -723 43'881 ± ' 018 

(/) 
l'T'I 
(/) 

,;, 
,: 

~ .... 
0 M 

~ .. z 
E-< è 

·- -o O·&i 
Q.I .!; 

1,. El 2 

)> 
r 
ïJ 
)> 
ïJ 

H ----
l'T'I 
;lJ 

z 
S. S. ? 

'028 ·um 
1\) ~ 01 
O'" "tl 

0 

·008 ·18-1 
~ 
-'3 

-037 · 183 0 
~ 

·010 ·}84 -'3 
1:1:l 

'094 ' 183 t':I 
~ 
1:1:l ..... 
t':I 
~ 

~ 

1 1 S. 8. 

~ 
-'3 
~ 
0 

. . . . . . ' 183 
~ 
0 

... . . ·174 ~ 
~ 

·m, 
. . .. .. "}43 

· · ··· ·158 



DIFFERENCE OF LONGITUDE BETWEEN PORT STANLEY AND OTTAWA. 

-----=----=---==:-=----=-==--:-----=====-==========================;::== 

1 

DIFFElUL'ICE 
UJ<' C llltONOCRAPII . 

0LOOK 0oRREOTION. DrPPjlRENOE o~- LONG_ITUDE. 

1------1---------· ------!-----·---DAT E. 

W estern Eastern Western Prooa- Eastern Proba- Western Eastern ble ble Mean. 
Signal•. Signais. 

------------

J8!lü. tll . S . 111. t; . 

0 et. 11 ... l 4(; ·275 1 46 '128 

" 13 .. 34 ·~ 34 '245 

" u ... 27 948 2, ·820 

" 16 ... 21 '032 20 ·()04 

()l,~erver8, \Vt>st, O. J. KLO'l'Z. 

N ùv. 3 
13 
1(i 

22 
24 

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

East, W. F. K1N <>. 

h. m. 8. h. 111. s. 

2 56 69 '876 2 56 59 ·736 
55 44 ·905 55 44 ·;02 
5.5 17 ' 484 55 17 ·369 
54 :.l4 '7i8 54 24 ' 651 
54 07·070 54 06 ' 946 

Observera, West, W. Ji' , Kn-:c. 
East, O. J. Kwn. 

Station. 

----

rn. s. 

- 21 2.'3 · 902 
- 34 ·45; 
- 40·159 
- 46 ' 201 

m. s. 

+ 00 06 "618 
- 00 04 ·364 
- 01 29 "501 
- 02 15'5ô9 
- 02 30"518 

Enor. Station. Error. Signais. Signais. 

--------
--s-. -1--=--s-. -

S. m. S. m. 8. m. S. 

+ ·010 - 1 8'885 ± '013 22 01 "292 22 01 145 22 01·21!) 
+·012 - 7·715 ±' 010 01 'lll0 OQ·9S7 0l '058 
+ ·009 - 6'923 ±'011 01 "184 01 ·056 01 ·120 
±' 011 - 6·211 ±' 012 01·022 00 '894 00'958 

m. 8, S. 

Weighted mea.n ....... 22 01 ·091 ± "008 

s. h. m. s. 8 . m. S. m. 8, m. s. 

+· 015 - 2 34 52 "656 +· 008 22 OO ·Gù2 22 00 ' 462 2:.l 00 ' 532 
+· 0L6 - 52"584 ±' 008 ·685 ·572 ·62() 
+ ·009 - 46·205 ± "010 '780 ·665 ·722 
+· 010 - 39"649 ±' 007 '718 '5!)1 ·6fi4 
±'009 - 36 ·789 ±' 008 ·859 ·735 ' 79ï 

m. s. s. 
Weighted mean .. . . . 22 00'638 ±' 007 
I\>.. .... .. .......... .. 22 00 '865 ±' 006 

Proba-
ble 

Error. 

S. 

±" 016 
± "01(; 
+· 014 
± ·OW 

8. 

+ ·017 
± '018 
+· 014 
+· 012 
+· 012 

v. 

--
s. 

' 128 
·033 
·029 
·l::13 

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

Time of 
Tra.ns­

mission. 

' 

·073 
·072 
'064 
'06! 

s. 
·07 
·05 
·05 
·or, 
' 06 

0 
r, 
7 
t 
:J 

.. 
t::, 
l"'1 
"tl 
I>,. 
~ 

~ 
l1!J 
~ 
"'3 
C 
"'li 
"'3 
b::I 
l1!J 

~ 
~ 
~ 
0 
~ 

01 
1 
0) 

1'11 
0 
~ 
)> 
:IJ 
0 

~ 
-
'l» .... 

l>4 
CO 
0 
0) 



DIFFERENCE OF LONGITUDE BETWEE~ ROSE POINT Al\'D OTTAWA. 

D1 n•i,:nENC'E 
OF Cu noNotrnAPII. 

DATE. ·---
\Vestern Eastern 
Signais. Signais. 

-------- ---·-
1901). ,n. S. m. s. 

l\Iay 19 ... 17 23·'.l(j.j 17 23·228 

" 2l. 28•29ï 28·27(i 

" 23. ... 36·.J98 3G·465 

" 2ô. ... .J4 ·4911 44·476 

" ~8 .. 57·611 1:7"554 

Observers, West, O. J. ]ÜOTZ. 
Ea t, F. W. O. WERUY. 

m. S. m. s. 

June 4 ... ' 18 33'446 18 33-337 

" 5 .. 39'027 38·995 

" 8 53 852 53-324 

" 9. ... 58· 181 5 · 127 

Ubservers, \Vest, F. \V. O. w~:lllw. 
East, O .. J, l(Lon. 

1 
C1;0CK COJtUEO'l'I01'. 

----.-----------
\Vestern Proba- EMtern Proba- Western 
Station. ble Station. ble Signais. Error. Error. 

---- ---·· ----------

s. 1 s. S. S. m. s. 

43·ss2 +·018 40"410 + ·013 17 19-792 
.J6 621 ;;;- 013 3 ·032 +· 012 ·708 
49·296 ±" 017 32·714 +·0t!l ·91G 
61 -933 +· 010 27·408 :±: 012 ·965 
56·351 ;;;- on 18 ·333 ±" 013 -593 

m. s. s. 
Weighted meau .... . ... 17 19 ·778 ±" 008 

m. S. • S. S. S • m. S. 1 

1 07·GR1 + ·0t8 - 5·786 ±" 012 17 '.l0·029 
0!) ·866 + ·012 - 9·025 ±'009 20· tR61 15 "626 + ·015 - 17 ' 67 + ·009 ]!) ·!JG0 
17"618 ± '012 - 20·477 ±' 011 20·086 

Ill, S. S. 

Weighted rnean ........ 17 20 045 ± ·O<JS 

Mean Â À .. . . . . . .. . . .. 17 10·911 ± <,06 

• 

Dlfl"ERENCE O,' L ONG!'l'ëllll. 

·-

Eastern 
Signals. li 1enn. 

P roba-1 
ble v. 

}~rror. 

Time of 
Trans­

mission. 

---- - ---------,----
m. S. 

17 l!Vi56 
· fi 7 
·883 
·!)51 
·536 

m. S. 

17 19'970 
20·10-1 
1!) ·!)32 
20'032 

.. m. s. 

17 19 ·774 
·697 
·899 
·953 
·664 

m. s. 
17 19-999 

20·120 
19 946 
20·059 

s. 

+· 020 
+· 01~ 
+· 025 
+· 0lG 
;;;- 01, 

-
± 
-
± 

S. 

+· 0~3 
'015 

+' 018 
·011, 

S. 

· 00-J 
·os1 
·121 
·180 
. 21.J 

8. 

'046 
·075 
'099 
·()14 

S. 

·018 
·on 
·016 
·007 
·029 

s. 

'029 
'016 
·014 
'027 

en 
rn 
en 
en 
0 
z 
)> 
r 
il 
)> 
il 
rn 
:0 

z 
? 

~ ~ 
C 
~ ,.,, 
C 
',;, 

~ 



• 
DIFFERENCE OF LONGITUDE BETWEEN OWEN SOUND AND O1'TAWA. 

1 

DH'FF.HEN<"E 
OF ÜHL<ONUGHAPH. 

DAn:. 

Signais. i:iil(nals. 
\Ves•e rn I Eastern 

----- ----- -----

l!lOO. . n. S. 

1 
m. s. 

JunR UJ .... 
1 Hl 3!J·9n 1!l 39 ·865 

" 20 .... 45 ·2GO 45 lHO 

" 22 55·(;:!0 55-540 

" 23 .. . . 20 oo·s.m 20 00 ·7;;0 

Observers, \\Test, L. B STEll'AllT. 
East, F. W. O. WEHHY. 

m. S. m. $. 

July 4 .. ' 20 4i ·(HO 20 47 '848 
6 . . ' . 56 "04 t fiG 000 

15 21 29·228 2129 ' 158 
18 .. .. 38 ·280 ~s-210 

Obaervers, West, F . W. 0. \VEllllL 
l.Cast, L. B. STEWAUT, 

ÜLOCK ÜORllEC"rION. DIFFERENCE 0~' LONGITlJDE. 

------------ --------------------
\Veste rn Prnba- Eastern Proba- Western Eastern Proba· 
St,ation. ble Station. ble Signais. Signais. Mean. 1:ile 

V. Error. Error. Error. 
----- --- --------- ---

lH. S. s. m. ... S • m. S. 111, B • m. B. S. S. 

- 2 03 "01!) ± "010[ - 46 ·097 +·on 20 56 SG3 20 56"78ï 20 5G·825 ±" 015 ·154 
- 2 00·014 

± "0191 - 48 "5-1~ + ·014 ·726 ·6fü ·fi8G ±" 023 ·OU) 
- 1 54 ·512 +· 011 - 53·587 +· 011 -545 "465 ·505 +· OJ5 ·166 
- 1 u1·8j8 ± 013 -55' 9ti3 ± 923 '725 ·645 '685 ±' 026 ·014 

01, S. S. 

W'eighted mean .. 2U 56·671 ±" 00!1 

------ -
m. s. S. m. s. S. m. B. m. B. m. B. B. B. 

- 1 2 
- 1 :.1 
- 1 l 
- 1 0 

8"484 ±" 017 - 1 19 '51 ~ +·ou 20 5G·9or. 20 56·814 20 56·860 +· 022 ·os2 
5 ·07;{ + ·('21 - 1 24"3 13 + ·OH ·770 ·no ·750 +·025 ·028 
2·176 + ·011 - 144 '74') + ·012 '664 '5!)-1 "629 +·orn ·149 
7 3~0 ± 010 - 1 48'730 ± ·Oll ·930 ·860 ·8!)5 ±" 016 ·117 

111. s. s. 
WE1igbtPd mean......... 20 56·778 ±' 010 

/\x . . . . . . . . . . . . . . . . . . 20 56•ï24 ± "007 

Time of 
Trans-

mis,ion. 

B. 

·o38 
·040 
·040 
'040 

S. 

·04(; 
·020 
•035 
"035 

'f 
0) 

rn 
0 
~ 
)> 
:0 
0 

< 

.... 
M 



DIFFERENCE OF LO~GITUDE BETWEE~ OTTAWA A D CHALK RIVER. 

Drn·tmE;<CE 
Of" ÜHHO~OGLtAPH. 

ÜLOOK ÜORHEO ! ION. DWFERENCE ot' LONOI'ruDE. 

D.,1'E ,---------- -----------·------ -----·--------·-----------
Time of 
Trans-

en 
rn 
(J) 

~ 
0 
z 
)> 
r 

\" ,.. t W Proba- ,, t Proba• ,V te E l'roba- mission. ';_,•stern ,,,_a-; ern e ~l'rn ble P,a.s ."rn ble _ es rn 1_a.stern iiean. \,Je v -,, 
:Stgn:-.ls. , ,gnal . Station. Errc,r. Stat10n. Err·or. Signais. Signal . Enor. · ~ 

l!JOO. m. s. ---- m. ~- -s. ---s. --s. m. s. - ------ ------ -s. --1--- ; 
July :l!i . . 1 3!1 550/. .. . .. .. . . . ... - 6 14 ·2~0 + 0~9 -~5- 7901 +· 015 6 58·000 + ·042 ? 

26 .... 4L·n911 . .. . ... . ... - 12·4!0 + ·021 -ofl 520 ;;- oL4 57·800 .. .. ... . .... . ::::: ::: .:: : :· +· o:n ·· ·· ······ ~ 
"l:i. ... 4~:975, . . .. . . . . . ... - 10·140 ± ·02fl -57:140

1 

±"Oll 57 -975. . . .. .... .. . . . . . ... . . . . . ±" 02$1 .. .. . ... tr 
2~ -!i; 100 . . . . . . . . - OS·iJlO ±· 0-10 -58 370 ±· 013 58·2-!0 .... , . . . . . . . . . . . .. . . . . . . . . ±" 042 .... . .. . 

1 ----------------------------------~-------------------'------~----

Ob•ervcrll, \ •\',,st, L. R STEWART. 
l<.:ust, O . • J . Kw-rz. 

m. S. S. 
Weighted mean. ......... 6 57·998 ±"017 
Persona! equation........ ·508 ± "051 

6 x .. ... . . ... ... . 6 58 506 ±" 054 



DTFFF.RF.KCE OF LONG ITUDE BETWEEN OTTAWA AND VANCOUVER. 

-

1)1 FFEllEN('ll 
OF' Ct1HOXOl~IL\PII. 

Cr,OC K CORRECTION. DIFt'ERENOE OF LONGI'l'UDE. 

-------------- - --------------

Aug. 18. 

" l!l 

" 20. 

" 2:, 1 

\\. pslt-• r11 E,iqtern .3 Be fore ::;igna.11-' .. After Signais. 

' Signais. Sign,ds. j At T 
1 

.'.:-,l At T , 0,T - -·· -- ---- -1----- ------

h. 

70 21 

l, , m. s. 1 h. 111. s. 1 h. m. m. s. 

:! !i!J li 'ï'ïO 2 :,!I 11 · l:JO \\' . Ul 30 12 3ï · -1 
K . . :!0 30 ,- 2 13 ·! 100 lS 

11 · 3:10 10 fl ,'jO W . J 1-( fiO - 12 -10 · 8 10 21 
K. :?O 20 2 13 ·8 70 l~ 

08~-l\l0 OH li\11 \V . 18 20 12 -H' l 
K .. .!O 20 - 2 H·2 

()0 21 
30 18 

O:l -1 :lo O:l.O'ïO IV . l!J 10 12 !'i t · 4 70 21 
I ◄:.. • 20 2\ 2 l!I 5 801 

m. m. s. 

00 - 12 37 ·!)30 
50 - 2 13·8(l0 
2, - 12 41 -2-10 
30- 2 J.! ·210 
00 - 12 44 350 
30 - 2 16 ' 410 
30 -12 58 840 

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

At Signais. Western 

AtT 6 T € 
Signais. 

--------- ----

h. m. \ m. s. s. h. m. s. 

rn 31 - 12 37-1;57 ±· 014 
22 30 2 13 ·896 ±' 016 3 09 31 ·531 
19 38 - 12 10 '9-18 ± '013 
22 37- 2 13 '!)05 ± Olli ·373 
Hl 44-12 44 ' 233 ± "010 
2:3 43 - 214':l-13 ±' 009 ·sso 
20 05 -12 5-!'lW• ±" 015 
23 0-1 - 2 19 ·ü5t) ± '009 '390 

h. m. s. s. 

OlisP!'l'P l'S, ,v .. ,t, \\'. F. K,~ ,: . 
1,;,1,.st, O . . J • . KLO'l' I.. 

\Veigh tecl mem, .......... .... _. 3 0!) 38'237 ±" 010 

h. m. s. 

1 

·6-121 
·rJS5 

ObserverR, \\'est. O .. J, K wn. 
[•;ast, W . F. KING, 

\Veighte1 mean ......... ...... . .. .. .. 

!\>-. ..... ················ · · ........ 

h. 
3 

3 

m. 8. S. 

09 38 ·4(;7 ±'Oll 

09 38'!152 ±' 007 

Eastern 
Signais. MPan. 

------

h. m. s. b. m. s. 

3 00 38 191 3 09 38 ·3Gl 

37 ·!)90 ·1s2 

·210 38'040 

38'0301 ·2101 
1 

h. m. s. 1 h. m. s. 

3 ou 33·221 3 on 38·-101 

'318 

·?82 

'i\fl8 

'4(i2 

Prob-
able v. 

Error. 
-- --

s. s. 

± '021 ·12-1 

±' 020 ·055 

±' 021 ·0271 

± 018 '027 

s. s. 

± '021 6GO 

± ·02r.l ·4t0 

+· ois 
'0301 

= ·0241 ·3$0 

., 
" "' ... 

E-; 
ci -o o-~ 
"' Q).~ 

~s 

S. 

·17 

·19 

·17 

'18 

S. 

0 

0 

0 

0 

· uio 

·100 

·1so 

·]80 

01 
' 0) 

l'T1 
0 
:E 
)> 
;Il 
0 

~ 
-
'!> ..... 

M 
:g 
Cl) 



DATE. 

DIFl!'ERE CE OF LONGITUDE BETWEEN RAY,HDE AND OTTAWA. 

D1n"ERENOE 
OF' Cttl!ONOGRAPH, 

0LOOK CollllEOTION. DIFFERENCE m• LONGITUDE. 

---------- -------------- ··-----------------------·-·--------
\Vestem 
Signais. 

~astern 
Signais. 

Western 
Station. 

Pro­
bable 

El'l'Ol'. 

Eastern 
Station. 

Pro· 
bable 
Error. 

\Vestem 
Signais. 

Eastern 
Signais. Mean. 

Pro­
bable 
Error. 

,·. 

Timc of 
Trans-

mission. 

(/) 
rn 
(/) 
(/) 

0 
z 
)> 
r 
l) 
)> 
l) 

rn 
------l·------1------1-------- -------------- -----·------- ------- ___ ____ _ _ _ __ :O 

1900. m. S. m. s. 

July 25 .... 20 51 ·777 20 51 ·724 
54·o~n 

Oct. 

" 
" 

2G .... 54 ·100 
27 .. .. 58·190 58·110 
28. .. 03'140 03·060 

Observera, \Vest, F. \V. O. WERHY, 
East, O. ,T. KLOTZ. 

m. S. m. S. 

9 .... 22 37·330 22 ~7· 200 
10 . ... 36·892 3G·S52 
11 .... 36'436 36'390 

Obst:rvers, \Vest, O. J. KLOTZ, 

East, F. W.O. WrmRY. 

m. S. S. S. 

- 1 3G·R30 ± ·016 - 55·772 
- 1 85'173 ± ·012 - 56·510 
-•l 31'73i ± ·oto - 57'14:l 
-1 27 -990 ± ·008 - 58 ·;139 

Weighted mean .......... 

S. s. m. S. 

- 43 ·240 ± ·015 - 1 4 ·248 
- ·225 ± ·020 -- 1 47 ' 921J 
- ' 467 ± ·020 -1 47 538 

W e1ghted mean . . . . . . . . . . . 
l,>,, .. ..... . 

S. m. s. m. s. 

± ·015 21 32·835 21 32'782 
± ·o o ·7G3 ·(l!)9 

+ ·utO '781 '701 
± ·ooo ·79] ' 711 

m. s. 
········ •··•·· 21 3i!'760 ± ·007 

e. 

± ·on 
± ·oto 
± ·Ol:l 

ID. S. 1 m. s. 

21 32'322 21 32'282 
. 1!)71 · 157 
'365 ·3UJ 

m. S. S. 
21 32·273 ± ·012 
21 32'5[2 ± ·007 

m. s. S. 

1 
21 32·808 ± ·021 

·731 ± ·0151 ·7-11 + ·01-1 
·751 ± 012 

m. S. S. 

21 32'302 ± '0]9 
'17'7 ± ·022 
·342 ± ·02-1 

S. 

'058 
·OJ!l 
·009 
·001 

s. 

·020 
·09G 
·069 

~-
·027 
·032 
·0-10 
·0-10 

s. 
·020 
·020 
·023 

z 
? 
1\) 
01 
0-

.... 
~ 

~ 



DxrE. 

DIFFEl1ENCE 
OF ÜIIRONOGllAl'H. 

DIFFERENCE OF LONGITUDE BETWEEN WILNO AND O'r'l'A W A . 

.... 
ÜLOCK CORRECTION. l>IF'FERÈNOK OF LONGITUDE. 

------,----- --------------- ----- ----------.-----------
\VestPrn 
Signals. 

Eastern 
Signais. 

\Vestern 
Station. 

Pro­
bable 

Rrror. 

E :\stern 
Station. 

Pro· 
hable 

Error. 

W eRtern 
Signais. 

Eastern 
Signala. Mean. 

Pro• 
hable 

Error. 
v. 

Time of 
Trans­

mission. 

---------1------ ------ ---- ------- ---- -------1----- ----- --- ---· ---

1!100 

Aug. 20 ... · I 
24 .. . 

111. 

- ) 
1 

s. m. 

22·701 l 
0ï •68 - 1 

S. m. 

22· 741 ll 
07•ïG - 10 

Observera, \Vest, F. \V. O. W1mnY, 
East, O. J. KLOT1.. 

S. S. m. 

01 ·üG4 1 ± ·0361 - 2 
51 ·G05 ..±: ·039 - 2 

\Veighted mean . . 
P ersona! equation. 

/\x .. .. ...... 

S. 

14 '246 
19-o~G 

S. 

+ ·0091 ± 011 

111, S. 

7 24'718[ 
·889 

m. S. 

7 24 "6781 
·809 

m. S. S. 
7 24 ' 758 + -026 

- ·082 ± ·oo5 

7 24 ·676 ± ·02G 

m. s. s. 

7 2-1 ·6()81 ± -037 
'849 ± '040 

s. 

'0601 ·091 

s. 

-020 
-040 t:, 

t,;j 
"tj 
i,.. 
~ 
"-3 
1:::: 
t'l 
!<; 
"-3 

0 
"',l 

"-3 
~ 
t,;j 

..... 
~ 
"-3 
t,;j 

~ 
0 
~ 

UI 
1 

"' rn 
Cl 
=E 
)> 
::0 
0 

:5 
-
'!" ~.-_., 

~ 
O> 



DIFFERENCE OF LONGITUDE BETWEEN OTTAWA AND CANOE L AK E. 

-
Dtf'FJ;;RENCE 

0t' ÛHRONOG RAPIJ, 

DATE. 
\Vesteru Eastern · 
Signp.Js. Signais. 

-------------
1900 m. 8. m. s. 

Sept. 13 . 13 47•920 13 47·910 

" H ... 13 fi2'786 ···· · · · ... 
" 17 .... 14 12 '280 14 12 ·250 

Observers, W'est, F. W. O. WERRY, 
East, W. F. K1NG. 

ÜL0OK ÜORRECJ'l'ION. DIF1''ERENCE Of' L0NGI'rLJll.E. 

-------------------------------· 
\Vestorn Pro- Eastern Pro- Western En.stern 
Station. bable 8tation. bable Signals. Signais. Error. Error. 

--- ------ ------------

S. S. Ill. S. ~-
- 40'492 ± ·032 -2 23 ·2&i ± ·oos 
- 37'616 ± ·030 -2 25·010 ± ·012 
- 24'176 ± ·022 -2 31 ·200 ± ·017 

Weighted mean ......•.........•... 
Personal eq nation .... . ... . ..... . .. . 

m. 

12 

S. m. S. 

05"124 12 05"114 
·392 .... .. · ·· ···· 
'256 226 

m. s. s. 
12 05·254 ± ·012 

- ·340 

6 À..... .. .. .. .. .. .. . .. .. .. .. .. . .. .. .. 12 04·914 

Pro-
Mean. bable V , 

E rror. 
--- -- --- - --

m. S. S. s. 

f2 oo ·uul ± 033 ·]35 
·3!J2j ± ·032 ·138 
'241 ± ·028 '013 

(f) 

rn 
(f) ... 
(f) 

" 0 

Time of 
T rans-

z 
► r 

1nÎS$iOn . 

" ► 
" rn -- :JJ 

$, 

·oo 5 

z 
? 

~ l'O 
(J1 "' .... .. 

·01 5 
O" 0 

~ 
"-3 
0 
"',l 

"-3 
b:i 
t>::l 
~ 
b:i ...... 
t>::l 
"':l 
i,.. 
1'7.l 
"-3 
~ 
0 
~ 
0 
f;::: 
l:!:1 
~ 



DATE. 

DIFFERENCE OF LONGITUDE BETWEEN VANCOUVER AND MIDWAY. 

DrF~'ERENOE 
OF CHRONOGRAPH. 

\Vestorn 
8ignal8. 

1<:a.Rtern 
Signais. 

CLOOK CormEOTION. DH'EERENOE 0~' LONGITUDE. 

------------------- ---·------------------
Western 
Station. 

Proba­
ble 

Error. 

Ea~tern 
Station. 

Proba­
ble 

Error. 

Western 
Signais. 

Eastern 
8ignals. Mean. 

Proba­
ble 

Error. 
V . 

Timo of 
Trans­

mission. 

----,------,-----·-- ----- --- -------- ----·--------------- -------
1901. 

Aug. 14 .. 
15 ... . 
16 . . . 
18 ... . 
20 ... . 
21. ... 

m. a. 

17 51'233 
49 '485 
47 '982 
48'270 
n0 ·302 
50 ' 901 

m. s. 

17 51'057 
49·2n 
47 '813 
48·102 
50·J3G 
50 714 

Observera, West, O . . J. KLO'l'Z. 
Ea.st. F. W. 0. W&llRY. 

S. S. 8. S. m. s. 

23 -477 ± ·013 os-311 ± ·014 17 19-445 
19·G60 ± ·OJ5 10 199 ± ·013 ·G26 
J6·428 ± ·ou 12·326 ± ·021 ·228 
12 290 ± ·009 16 ·618 ± ·01-1 ·fl62 
8'543 ± ·010 22 ·304 ± ·015 ·455 
5 860 ± ·013 i5·618 ± ·014 ·523 

m. S. S. 
W e1ghted mean. . . . . . . . . . . .. . 17 ]9 '355 + '008 

-·001 ± ·013 Persona! equation . ... . ...... . 

17 19·~54 ± ·015 

m. s. m. s. S. s. 

17 19 269 17 19-357 ± ·019·, ·oss 
·382 -504 ± ·020 ........ 
·059 '144 ± ·024 ···· ·· 
'194 ·278 ± ·017 ········ 
"289 •3ï2 ± ·0t8 ....... 

·122 
·084 
'084 
·o 3 

·336 ·430 ± ·019 '093 

t1 
t,;J 
't' 
i,,-
~ 

~ 
t;J 
~ 
'::! 

C 

""' '::! 
l:r,1 
t,;J 
.... 
~ 
'::! 
t>J 

~ 
C 

(J1 
~ 

1 
O> 

rn 
0 
:E 
)> 
jJ 

0 

:S 
. 
"!> .... 

M 
~ 
O> 



DIFFERENCE OF LONGITUDE BETWEEN THREE RIVERS AND OTTAWA. 

DH' f' EI\ENCE 
fü' Ü[II\ONOGRAPH. 

DATE. ----------
Western Eastern 
Signais. Signals. 

----

1902. m. s. m. s. 

May 10 . .. . 10 26·6!17" 10 2G'6611 
" 14 .... 10 41 '879 10 41 '801 
., 16 .... 10 49 ·3UO 10 49·202 

" 17 ... 10 63·0!)8 10 63·0341 
" 20 ... 11 0::·688 11 03 ·639 

Observera, West, W. F, Krno. 
East, 0. A. füGGER. 

-. 
ÛLOOK ÛORREOTION. DIF'FERENCE OF L ONGITUDE. 

-----------
Western Proba- Eastern Proba- Western Eastern 
Station. ble St:ttion. ble Signals. Signais. Errot-. ]~rror. 

--- --------- -------· -----

m. s. s. tn $. S. m. s. 

- 2 28 789 ± ·012 - 0 14·147 ± ·015 12 41 '33!) 
- 2 34·77:1 ± ·011 - 0 35·132 ± 02(i '520 
- 2 37·333 ± ·ou - 0 4:) 130 ± ·014 '508 
- 2 3tl'707 ± ' 015 -- o r,o· a!Ju ..c. ·013 ·415 
-- 2 43-717 ± ·oos - 1 o::l'!J30 ± ·013 ·475 

·-· 
Ill. S. S, 

W eighti>rl mean . . . ........ . . 12 41 ·425+ ·oos 
-· 018 ± ·013 Persona] eq uation. . . . . . . . .. . 

Ô À..... . . . . .. . .. .. .. .. .. .. .. 12 41 '407 ± 015 

rn. S. 

12 41'303 
·uz 
·4;0 
·361 
'426 

--
Proba-

Mean. ble 
E rror. 

---------
m. R. s. 

12 41'321 ± ·orn 
' 48~ ± ·028 
·4,:j!) ± ·018 
'883 ± ·OJ.O 
'451 ± ·015 

V. 

--

s. 

· l04 
·05/l 
·0(;4 
' 042 
·O:/G 

Tim 

en 
ITl 
en 
en 
a 

Tra 
e of 
llH­

ion. 

z 
)> 
r 

JllÎS'3 

-·· 

s 

"O 
)> 
"O 
ITl 
:0 

z 
? 

·01 8 ro 
·0:39 ~ 
'(Jl!J 

·03~ 
·0.l5 

.... 
M 

~ 
C0 



DIFFERENCE OF LONGITUDE BETWEEN WHITE RIVER A.ND OTTAWA. 

Dn'l'ERKNCJ.: 
OF C111t0NOGJ\APH. 

CLOCK CORRECTION. DU'l'ERENOE OF L ONGITUDE. 

-------------·----------------------------------------
\Vesti-m 
Signais. 

Eastern 
Signais. 

Western 
Station. 

Proba­
blo 

Error. 

Eastern 
Station. 

Proba· 
hie 

Rrror. 

Western 
Signn.1s. 

Eastem 
Signais. Mean. 

-------------------------------- ------------ ----·--

1U02. llt. S. m. S. 

.June 10 . 41 44 "842 41 44 -732 
]:i 3~ ·958 34·8-18 
16 33•3~3 33 227 
17 30 ·:J13 30·200 
19 .... 2:.i ":l78 25· 143 
Zl . . 11 ·201 ll 095 

Observers, West, F. W. O. WEHRY. 
East, O. J. lüon. 

S. S • m. S. s. m. s. 

00 iiO,j ± ·018 3 27 · 597 ± ·017 3S 17·750 
21 ·370 ±- ·OH 3 3q·80~ ± ·Ol!J "526 
2G ·30l ± ·017 3 40 ·916 ± ·010 "708 
;JQ·(i50 ± ·028 3 43·103 ± ·013 ·800 
40 ·028 ± ·016 3 47 ·459 ± ·OlO "847 
72 087 ± ·orn 4 05·587 ± ·015 ·701 

m. 8. S. 
Weighted mean ......... ... . . . 38 17 "678 +- 010 

-·051 ± ·012 Perso1,al eq nation . . . . . . . .... . . 

[-,">,. • .. . . . .. . . •• . • . . .. . • • .. . 38 17·H27 ± ·016 

m. S. m. S. 

38 17"640 38 17·695 
·HG ·471 
·Gt2 ·GGO 
·747 "803 
·712 '780 
·595 ·648 

l:'roba· 
ble 

Erro1-. 

S. 

± -025 
± ·024 
± ·(126 
± ·o·n 
± ·OUI 
± 025 

'Il. 

S. 

·011 
·207 
'018 
·125 
·102 
·030 

/ 

Tin,e of 
Trans­

mission. 

S. 

·o55 
·055 
"048 
•057 
"067 
·')53 

01 

' O> 

l'Tl 
Cl 
~ 
)> 
;Il 
Cl 

~ 
-
~ 

:g 
O> 

~ 

t::, 
tl;J 
"tl 
p.. 
~ 
"-l 
1::: 
tl;J 
!<l 
"-3 
C 
"',l 

"-l 

~ 
.... 
!<l 
"-l 
t>:J 
~ .... 
C 
~ 

~4° 



:ç>IFFERE CE OF LONGITUDE BETWEEN PORTNEUF AND O'.tTAWA. 

ÛIF'FElilŒCE 
OE' ÜHRONOGl!APH. 

D ATE. ---------
Western F,astern 
Signais. Signais. 

-------

1903. m. s. m. s. 

Sept. 2 . ... 11 09·583 11 0!) ·525 

" 5. ... 05·291 05·209 

" 7 .... 10 59 ·]64 10 59·109 

" 8. 57·054 56·9!)2 

" Jl . .. 4ti"900 46·801 

Observers, ,vest, F. A. McDrARlll!D. 
East, 0. A. BlGGEn. 

ÜLOCK ÜORltEOTION. DIFl!'EflENO~ o~• LONGITUDE. 

-------- ----- -----
,vestern Proba- Eastern Proba- Western E astern 
Station . ble Station. ble Signais. Signais. Error. Error. 

·----------- -------- ----
m. s. S. s. B. m. S. 

- 4 40·394 ± ·010 - 34 '151 ± ·007 15 15·806 
- 49 ·673 ± ·on - 39· 153 ± ·ou ·814 
- 55·S2!l ± ·012 - 39·126 ± ·ou ·86ï 
- 58 ·897 ± ·007 - 40 ' 117 ± ·009 ·834 
- 5 08·385 ± ·010 - 39"416 ± ·010 ·8G9 

Weighted me1tn ..... , .... . . .. . 
Persona! equation . . .. ......... . 

m. B. S. 
15 15 ·799 + ·ooG 

-· 146 ± ·007 

6.x ... . ........ . ... .. . . . ....... 15 15 ·653 ± ·009 

m. S. 

15 15 ·743 
·72!1 
·312 
·772 
·770 

------------
1 Proba-Mean. ble v. 

Error. -~--,-~------

15 15·77, ± ·012 .. ..... . 
·772 ± ·015 . . . . . . . 
·839 ± ·Olfi . .. .. . 
·303 ± ·on 
·819 ± ·017 .. . . .. . 

--

(/) 

!Tl 
(/) 

~ ~.-
0 
z 

T ime of 
Trans-

)> 
r 

mission. " )> 

" !Tl 
--- :0 

z 
S. 

·029 
' 0!2 

? 
~ ro t,;, 

(J1 "1:1 cr 
C 

·021 ~ 
·03 L "'l 
·049 C 

"'!J 
"'l 
~ 
t,;, 
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t,;, 
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i:,... 
l:°l.l 

~ 
C 
~ 
C 
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D[FFERENCE OF LONGITUDE BETWgEN WOOOSTOCK AND OTTAWA. 
-

Dn·1•'E RF.N< 'E 
o~· Cu110Noc11APH. 

DA1'E. ----------
Westf'l'n }~astern 
Signals. Sign,.Js. 

-------

1903. m. S. m. s. 

October 12 .. 1 22 02·278 22 02 ·228 

" 13 .. 1 
04 ·G07 0-1-r;n 

" 14 .. 07·704 07 ·Q:!5 
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DTFFERE:\'CE OF LONGITUDE BETWEE T HARRISTON AND OTTAWA. 

DIFFERENCE 
01-' ÜHUONOGHAPlf. 

ÜLOO!i ÜORH~O'l'tON. DrnFERENOE OM' LONGITUDE. 

--------·-- -------- -----------1----------------------------
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DIFFEREN'CE OF LO~GITUDE BETWEEN OTTAWA AND BEETON. 

l)JFFEIU; ;<c~; 
0~' ÜII HONOG L<APH. 

ÜLOC-K ÜOHHECTION. Dn'fElUlNCE OF LONGITUDE. 
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DIFFERENCE OF LONGITUDE BETWEEN GUELPH AND OTTAWA. 
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DIFFERE~CE OF LONGITUDR BETWEEN OTTAWA AND ORILLIA. 

= -

Dir'f'EHRNC,: 
OF C lll!ONOGRAPII. 

l hTE. 

\ Vc•stPrn Eastern 
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----·--------
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Obscrvers, \ Vest, F. \V. O. \V1mrn. 
East, R. ~I. tiTh:WA H'l'. 
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SYNOPSIS OF OBSERVED DIFFERENCES OF LONGITUDE, AND THE LONGITUDE OF STATIONS. 1885-1904. 

======:::;::::===========;:=-==-- -
i,o 

Difference of Longitude. To Longitude. Longitude. Ï Place. Year. 
--------------1---------·- ----------~-------·---

Victoria . . .... , . . 188i• 
Port Moody . . . . . . . . . . . 1 85 
Rt,velstoke. •. . . . . . . . . . . 1886 
Field . ... . ....... .. . . 1886 
C,ilgary. . . . . . . . . 1886 
Kamloops...... . . . . . . 1886 
W aµe lla. . . . . 1 87 
Purt Arthur . . . . . . . . . . 1887 
Kalmar ........ .. •... . . . 1 1887 
Edmonton . . . .. . . . . . . . . 1888 
Onion Lake. . . . . . . . . . . . . 1888 
M:.ttawa . . . . . . . . . . . . . . 18!l0 
Ottawa. . . . . . . . . . . . . . . . 1896 
Willni peg..... 1896 
Port Stanley.. . . . • . . . 1 96 
Rose Point . . . . . . . . 1900 
Owen Sound. . . . . . . . . . . . 1900 
Chalk Ril'er . . . . . . . . . . 1900 
Van cou ver.. . . . . . . 1900 
Rayside . . . . . . . . . . . . 19f0 
Wilno . . .... . .. .. . . ... 1900 
C'anoe Lake. . . . . . • . . . . . 1900 
Midway . . . . . . . . . . . . . . 1901 
Three Rivers.. . . . . . . . . 1902 
White River.... . ... .. 1902 
P ortneuf. . . . . . . . . . . . . . . 1903 
Woodstock . . . . . . . . . . . . . 1903 
H arri ston. . . 1904 
Beeton . . . . . . . . . . . . . . 1904 
Guelpb. .... 1904 
Orillia . . . . . . . . . .. .. 1904 

b. m. s. 

+ 
+ 

+ 1 
+ 

+ 1 
+ 
+ 
+ 
+ 1 
+ 
+ 
+ 
+ 
+ 3 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

4 06 ·9!)4 
10 05·108 
8 28·!J70 + ·022 

15 18 "953 + ·020 
25 03 "659 ± .020 
32 t1 ·157 ± ·orn 
19 21 ·505 + ·0tl 
31 40 · 192 ± ·031 
8 40"476 ± ·021 

05 2, ·965 ± ·OL5 
51 26·833 ± ·0L3 
11 59·020 ± ·022 
8 31"388 + ·007 

25 4.3 "855 + ·006 
22 oo·865 + ·006 
17 19-911 ± ·006 
20 56"724 ± ·007 
G 58·506 ± ·054 

09 38·352 ± ·007 
21 32 ·512 ± ·007 
1 24·676 ± ·02n 

12 04 -914 
17 19·354 + ·015 
12 41 "407 ± ·015 
38 17 "627 ± ·016 
15 15 ·653 + .009 
20 14 "841 ± ·010 
20 39·252 + ·018 
16 17·528 + ·013 
18 10 ·545 ± ·016 
14 49"962 ± ·018 

Seattle (18 5) .... ....•.......... . . . 
Kamloops (1885). . ............ . ... . 

(1886) . ............ .. .. 

li ··· ···· ······ · ···· · · - •··• 
Winnipeg (Old Observatory) ....•.. . 

,, 
(New Observatory) .... 

" Ottawa .. . . .... . ...... . .. . 
Montrea.l . . . . . . . . . . . . . . ..... 
Ottawa . . . . . . . . . . . . . . . . . . . . . . . 

Il • •· • ••••• , • ••· • ••·•• • 

Vancouver . .. . . . . ... . ..... .. • .... 
Otta wa . . . .. . . . .... . ...... .. . 

li. m. s. 

8 13 26 ·444 
8 11 26·GS5 
7 52 49 "847 
7 4li :,!J·8G4 
'i 36 15 ·158 
S 01 18 ·817 
6 47 53"1ô5 
5 56 51 · 468 
6 l'.J 51 · 184 
7 34 01·867 
7 20 00·735 
5 14 49"042 + ·059 
5 02 50.022 ± "053 
6 28 33 ·877 + ·0fi3 
5 24 50·887 + ·054 
5 20 09 ·933 :±: ·034 
5 2.'3 46 "746 !:- ·055 
5 09 48 "52 + ·076 
s 12 28·374 ± ·055 
5 24 2i·534 + ·054 
5 10 14 ·ü!lS + ·0ü0 
5 14 54·936 .. 
7 55 09·020 
4 50 08·615 + ·056 
5 41 07·649 ± ·(156 
4 47 ;54 ·369 ± ·055 
5 2J 04·SG3 ± ·CJü5 
5 23 29·274 + ·057 
5 19 07-550 ± ·055 
5 21 00·567 t ·056 
5 17 39·984 ± ·057 

123 21 
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11,1 o:{ 
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110 00 
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!)7 0') 
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APPENDIX 8. 

REPORT ON FIELD OPERATIONS IN THE GEOLOGY OF THE MOUN­
TAINS CROSSED

0 

BY THE INTERNATIONAL BOUNDARY 
(49TH PARALLEL), BY R. A. DALY, PH.D. 

OTTAWA, Ont., December 30, 1905. 

W. F. Krno, Esq., B.A., LL.D., D .T.S., &c., 
International Boundary Commissioner, 

Ottawa. 

Sm,-I have the honour to submit herewith my report upon my field operations 
ir the geology of the mountains crossed by the international boundary. 

In August of this year I was o:ffi.cially notified of my transfer from the Depart­
ment of the Geological Survey to your department. In accordance with instructions, 
therefore, I here-w,ith present a brief account of the work done during the past year. 
My four previous annual statements are printed in the summary report of the Geo­
logical Survey departrnent. 

The winter of 1904-5 was occupied with the preparation of the final report on the 
geology of the boundary mountains. Within the year I have also written five papers 
founded on special studies of that geology. Those on ' The Accordance of Summit 
Levels among Alpine Mountains,' and on 'The Classification of Igneous Intrusive 
Bodies ' have been published in the Journal of Geology; that on ' The Secondary Ori­
gin of Certain Granites,' in the À.merican Journal of Science. A paper on' Magmatic 
Differentiation through Gravitative Adjustment' and another on 'The Nomenclature 
of thé Mountains crossed by the 49th Parallel Boundary between Canada and the 
United States,' have not yet been published. A sixth paper on 'Machine-made Lina 
Drawings for the Illustration of Scientific Papers' was published in the À.merican 
Joiirnal of Science, and reprinted in the weekly Science. 

On :May 16 I left Ottawa for Gate-w.ay, Montana, the point on the boundary where 
I closed the field-work at the close of the season of 1904. My party, including an 
assistant, a packer and a cook, was immediately out:6.tted and went into camp. Mr. 
Fred. Nehnes of Chilliwack had done such excellent service as assistant in three out 
c-ut of the four preceding seasons that I engaged him again this year in the same 
capacity. A little delay was occasioned by rains in June and, at the fust, by deep 
winter snow still covering summits on the commission trails east of Gateway, but, in 
the main, it was found possible to pursue the work steadily throughout the season. 
The geological map of the boundary belt was completed to the summit of the Rocky 
Mountains. and a structure-section carried from there to the Great Plains at Water­
ton lake. Then a rapid journey via Chief mountain and the Swüt Current pass brought 
the party, on June 26, to Belton, :Montana and again to the railroad. There the party 
was disbanded, and, with my assistant, I -went to Midway, B.C., and Loomis, Wash­
ington. At Midway I met Mr. McDiarmid of the boundary surveys staff. He 
was kind enough to let me barn threc horses from bis pack-train. Two men and 
four additional horses were hired at Loomis for this second part of the season. Field 
work was resumed on August 3 at the Similkameen river, and the geology of the belt 
westward to the Skagit river was completed on September 9. Beyond the Skagit the 
boundary belt bas not yet been mapped. It was, therefore, inexpedient to attempt any 
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systematic work on that side of the river. Continued bad weather and the failure of 
supplies hastened us to Hope station where I disbanded the party and returned to 
Ottawa on September 16. 

The total area geologically mapped in detail was about 625 square miles. Not­
withstanding the exceeding ruggedness of both parts of the Cordillera crossed this 
season, it was possible to cover so great an area partly because of favourable vrnather 
for most of the season, a::id partly because of the many excellent trails already eut 
through the forests by the topographie and monument-setting· parties. These trails 
rendered every part of the boundary belt accessible. 

The third and most important reason for such rapid work is that, as in the pre­
vious season, I had the advantage of using admirable contour maps of the regions 
studied. These were photographie copies of the original manuscript plane-table sheets 
of the United States topographers attached to the commission. I have pleasure in re­
cording the great accuracy and completeness of these maps as well as in acknowledg­
ing the kindness of the United States officials who so generously supplied them. 

This opportunity of working out the structural geology with the aid of an accurate 
contour map already in the hands of the geologist as he goes into the field is ail but 
unique in the history of geological investigation in Canada. That such a map is of 
incomparable aid to the geologist is recognized by every worker in the rough -western 
mountains, as, indeed, it was recognized :fifty years ago in the far easier country of 
Europe and eastern Canada by such masters as Sir Roderick Murchison and Sir 
William Logan. It is not too much to say that a thorough as well as accurate record 
of the constitution and anatomy of a western mountain range is quite impossible unless 
the gcologist is supplied with the antecedent topographie data of a contour map. A 
fortiori, the economic geologist, necessarily covering his mining camp or mining dis­
trict with still greater detail, needs his contour map ready to hand. 

The total length of the boundary belt between the Great Plains and the Pacifie 
is about 425 miles. The geology has now been worked out for parts of the belt aggregat­
ing 380 miles, of vrhich 16 miles have

1
been surveyed in detail by Professor Broek. A 

section 14 miles long has never been traversed; about 30 miles of the belt require some 
supplementary field work. 

The main abject of my field work this season, as in the other four seasons on the 
b0undary, has been to develop a cont.inuous structure section across the many mountain 
axes of the Cordillera. Though the width of the belt studied is small (from 5 to 10 
miles) it has proved possible to construct such a section as shall fairly represent the 
staple, average formations and structures characteristic of this part of the Cordillera. 

The :first part of the season was concerned with the Rocky mountain range proper. 
At the 49th parallel this range is very clearly divided into two great sub-ranges 
separated by the broad and deep longitudinal valley of the Flathead river. The west­
,ern sub-range, thus extending from the even greater valley of the Kootenay river at 
Gateway eastward to the Flathead, has been called the Galton range; it includes the 
subordinate McDonald range immediately overlooking the Flathead. The eastern sub­
range is double. From the Flathead to the vr.ide open valley occupied in part by Water­
ton lake, the mountains pelong to the Livingstone range. From W aterton lake to the 
Great Plains, the 49th Parallel crosses the narrower Lewis or Wilson range. 

The scenic quality of the Lewis and Livingstone ranges is quite similar to that 
along the main line of the Canadian Pacifie Railway. In ruggednese and grandeur of 
form, as in the colouring of their countless cliffs and peaks, the mountains of these 
two ranges âre the most impressive on the boundary line. Their only possible ri vals for 
this pre..eminence are the high Cascades east and west of the Skagit river. The Galton 
range is, not only in geographical position but also in composition and scenery, inter. 
mediate between the superb Livingstone range and the tamer Purcell range west of 
'l'obacco Plains. 

As in the Purcells, the rocks of the Galton and more easterly ranges are chie:fly 
sedimentary. A stratigraphie column was worked out for the Galton range and an­
other for the Livingstone range. In each column there are represented twelve con-
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formable, stratified members aggregating about 15,000 feet in thickness. The respec­
tive members were, in general, found to match well on the two sides of the Flathead 
valley. The lower part of this thick series carries fossils of pre-Cambrian age. On 
lithological grounds the upper 7,000 feet of each column is tentatively correlated with 
the fossiliferous Cambrian rocks of the Castle Mountain series, described by }Ir. 
McConnell on the main line of the Canadian Pacifie Railway. Three relatively small 
blocks of massive 'Devono-Carboniferous' limestone, showing a maximum thick­
ness of more than 2,500 feet, are faulted down into the staple Cambrian-pre-Cambrian 
series. The only other bed-rock sedimentary formation in this part of the belt is a 
fresh-water, fossiliferous tertiary deposit occurrmg in the Flathead valley. 

Near the top of the Cambrian strati:fied group is a contemporaneous volcanic for­
mation varying in thickness from 250 to 400 feet or more. It shows a most remarkable 
persistence and extent and serves as a valuable horizon-marker among the old sediments 
of the Purcell range and the Rocky mountains proper. This lava was traced through 
seventy-:five miles of the boundary belt and was seen in its usual relations a'.t Altyn, 
Montana, 100 miles or more from its western outcrop, on the 49th parallel. An intru­
sive sheet of basic rock which apparently functioned as a feeder to the ancient volcanic 
vents, occurs a few hundred feet lower in the Cambrian. This sheet also shows great 
persistence in the a<ljaoent parts of Montana, Alberta, and British Columbia. 

The conformable Cambrian-pre-Cambrian sedimentaries thus stu<lied in the Rocky 
mountains were found to be equivalent ÎJl age to the sedimentary formations of the 
Purcell range and to others in the southern Selkirk range west of the Kootenay at 
Port Hill. This discovery furnishes the key to the structural and stratigraphie geology 
of the continuous bèlt from the Columbia river at Boundary town eastward to the 
Great Plains, a distance of 175 miles. In this latitude the general geology of the Cor­
dillera for about two-:fifths of its entire width between the sea and the Great Plains 
is largely included in the history of a single, thick group of sea-bottom deposits. In 
the southern Selkirks this group is coarse-grained and heterogeneous, compose<l largely 
of grits, conglomerates and quartzites laid down near the old zone of shore-lines. In 
the Purcell range to the eastward and farther from that coast..line zone, the sediments 
are, in general, medium to :fine-grained sandstones and notably homogeneous. In the 
Rockies proper the group is again heterogeneous but made up chiefly of argillites, lime­
stones and dolomites, all rocks deposited relatively far from shore. The 49th para11el 
thus .a:ffords a line of cross-section with reference to the structural and orographie axes 
of the Cordillera and also an exceptionally continuous transverse section of the rock­
formations that have :filled a single submarine down-warp or 'geosynclinal.' 

The time spent in the Rockies proper was mostly occupied in delimiting the var­
ious formations and in working out the faults and folds incident to the upbuilding 
of the mountains. It would be inappropriate to enter on details in a report 
like this. In general, the structures due to rock-dislocation show a steadily increasing 
complexity as one follows the belt from the Great Plains to the Columbia river. 
Throughout that distance the dislocation bas develope<l much normal faulting and 
thrusting; folding is distinctly subordinate. 

The petroleum problem of. southern Alberta and of the Flathead valley is inti­
mately related to the structural geology of the Livingstone range. Active prospecting 
for commercial <leposits of oil has been carried on for some years and is now winning 
more attention than ever. The problem has special interest and special di:fficulty of' 
analysis sin ce the oil seepages of the region, as at W aterton Jake, in Oil creek ( Cam. 
eron Falls brook) valley, and in the Kintla Jake canyon, are located at :fissures in the 
pre--Cambrian stratified formations. Commercial petroleum bas never been foun<l in 
rocks so old as these and the great majority of the world's authorities in rock-oil con­
aider that the reason is clear. They do not expect petroleum to occur in commercial 
quantities in pre-Cambrian formations, because those formations carry almost neglig­
ible amounts of organic debris, such as is regarded by these authorities as the original 
source of the petroleum substance. The hypothcsis of an inorganfo origin for petr0-
leum has long been advocated by individual writers on the suhject, but they have not 
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proved their case, nor yet produced a body of arguments so compact and cogent as 
those adyanced for the organic theory. Even in the peculiar case of the Alberta field 
the evidence bearing on the question seems to be adverse to the inorganic theory. 

The thick 'Devono-Carboniferous ' limestone of the region is bituminous through 
11 large part of its exposed thickness. l::io far as known, no other formation in the Liv­
ingstone range carries bituminous matter indigenous to the formation. It is, how­
ever, possible, that certain zones of the Cretaceous rocks of the Great Plains carry in­
digenous oils. 

To explain the W aterton lake and Oil creek seepages, I adopted in the field a ten­
tative hypothesis involving the immense Front range thrust-fault called by Mr. Willis 
1lie 'Lewis Thrust.' At and near the 49th parallel the strong, rigid pre-Cambrian beds 
have been pushed bodily out over the weaker Cretaceous strata of the plains for a dis­
t:'nce of several miles. Farther south in Montana, Mr. Willis has demonstrated that 
lhe whole Lewis range has similarly migrated as a single block thrust at least seven 
miles over the yielding :floor of the plains. A hundred and fifty miles to the north­
northwest, Mr. McConnell long ago proved the existence of a similar overthrust in the 
gaps of Bow river and Ghost river. It is owing to such an overthrust that the very 
eldest formation known in the vici.nity of Waterton Jake (the pre-Cambrian 'Altyn 
Limestone ') overlies the very youngest bed-rock fo1·mation of the region (Oretaceous). 
Far below the thruat-surface and underlying the Cretaceous is the 'Devono-Carboni­
forous' limestone. By the tentative hypothesis mentioned, the oil seepages of this dis­
trict are supposed to be due to the rising of oil from the limestone or from some petroli­
ferous zone in the Oretaceous, upward through fissures in the overlying pre-Cambrian 
block. I have since learned that Mr. Willis had independently corne to the same view 
of the various oil occurrences on the eastern slopes of the Lewis and Livingstone 
ranges. 

This hypothesis, if correctly matching the real facts, has an important bearing 
on the location of oil prospects. If the pre-Cambrian rocks truly form a huge cover 
upon potentially oil-bearing Cretaceous or other strata, it is clear that boring should 
be directed with due regard to the position and shape of the thrust-surface underly­
ing that cover. Preferably the drill should go down t,;,here the thrust-surface or at 
least the strata of the relatively impervious cover are bent into anticlinal -w,arps or 
folds and as near the summits of the folds as possible. Further, since the great thruSlt­
surface seems to dip westward, it is also manifest that the bore-hole should not be 
located so far within the range as to compel the penetration of an inordinate thick­
ness of the bard cover. At the same time it cannot too often be repeated that seepages 
do not necessarily mean an oil-field. In fact, the more numerous the seepages, the 
greater is the danger that the underground reservoirs have, in the course of ages, be­
oome largely depleted of oil. Structural geology must recognize the possibility of large 
oil deposits along the eastern foot of the Rockies, but the anatomy of the range is so 
peculiar, and the significant underground structures, especially the relations andj 
attitude of the thrust-surface so difficult of determination, that it is impossible to in­
dicate the best locations for test borings in other than the most general terms. This 
much is certain that no one, by virtue of any amount of experience in other oil fields, 
can forecast either success or failure for prospecting companies in the Alberta field. 
The structure of the field is unique. All that the structural geologist can do in this 
instance is to declare the findings of a surface study of the country and to suggest for 
preliminary boring certain localities favoured as a result of such study. Common 
sense teaches that, if boring is to be undertaken at all, the drill should go down where 
the rock-structures deducible from surface rock-croppings seem most likely to have led 
to the accumulation of oil. Just as surely common sense teaches that, in this par­
ticular field of Alberta, the underground arrangement of the rocks cannot in its de­
tails, be deduced from surface croppings. F or those details the structural geologist is 
ns depcndent upon trial borings as the prospector himself. 

The future of the Flathead field is still more difficult of forecast. A thick mantle 
of glacial drift so completely covers the bed-rock of the Flathead valley that rock-out-
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crops are exceedingly rare. Prospecting in the valley has therefore been blind, and 
blind it must remain unless the treacherous seepages be considered as guides. It is 
not impossible that the great thrust-fault of the eastern slopes of the Rockies is really 
continuous beneath the whole of the Livingstone range, so that the pre-Oambrian beds 
of the Flathead slope have been thrust over the 'Devono-Carboniferous' limestone or 
other organic formation. Or, secondly, it is possible that this stratigraphie relation 
has been produced by a local thrust similar to, but not identical with, the proved thrust 
on the east. Yet neither of these suppositions is as yet capable of proof from the sur-

. face study of the rocks. Neither of them would probably ever have been suggested 
were it not for the existence of the Flathead oil seepages and for the fact that natural 
gas has, for more than two years, been steadily blowing frol!t the hole bored in the pre­
Oambrian argillites and quartzites at Lower Kintla lake. This particular occurrence 
of oil and gas is nothing more nor less than a complete puzzle which apparently will 
be cleared up41:mly after slow and costly experiments with actual boring. 

The work of the second part of the season fell into two parts, according to a 
natural division of the boundary belt covered. From the heights east of Osoyoos Jake 
to the canyon of the Pasayten river, a distance of sixty miles, the geological section 
nms continuously through plutonic, intrusive rocks. In 1901 a reconnaissance study of 
thesé was made by Messrs. Smith and Oalkins of the United States Geological Survey, 
who found that the same rocks extend far to the south of the boundary line. They 
together form an igneous complex which is yet a unit in the structure of the whole 
range. After the manner of many a large mass of homogeneous granite, this complex 
displaces, or more truly expressed, replaces the older, non-igneous formations that once . 
composed these mountains. The whole complex mass may be called the Okanagan 
batholith. It was found to include nine different large bodies of granitic, syenitic or 
peridotitic rock. Four of the bodies are of batholithic dimensions themselves; the 
other five are of stock dimensions. At least seven different perio<ls of intrusion, ex­
clusive of those represent.ed in the many injected dikes, are illustrat.ed in the develoP­
ment of the whole composite batholith. Abundant rock-exposures and the specially 
favourable conditions of :field-work, made it possible to delimit with considerable ac­
curacy the various component members of the batholith. 

West of the Pasayten is the other division of the belt covered this season in the 
Cascades. In largest part it is underlain by an extremely thick, apparently conform­
able series of arkose-sandstones, conglomerates and argillites bearing fossils of Oreta­
ceous age at various horizons. The series totals nearly 30,000 feet in thickness. Its 
basal beds :rest on a zone of pre-Cretaceous, secular weathering in granite, one of the 
oldest component members of the Okanagan batholith. The Cretaceous series is, how­
ever, eut by stocks of granite believed to be of the same age as the youngest members 
of the batholitb. 

One of these stocks bas the most perfectly exposed contacts I have ever seen about 
a granite body. The stock occurs in a very rugged, deeply canyo:ried portion of the 
range forming the main -Cascade water-divide. .At many points about the entire peri­
phery of the stock, the surface of contact between the granite and the invaded sedi­
ments can be followed with the eye or with the hammer through vertical descents of 
from 700 to 2.200 feet. It was invariably found that the plunging contact-surface 
sloped outward with reference to the centre of the granite as now exposed. I do not 
know of there beinH anywhere described such a telling illustration of the downward 
enlargement of igneous stocks. The evidence is equally well displayed. that this granite, 
in assuming its pres,~nt position, actually replaced the Cretaceous sandstones and argil­
lites. The sedimentaries were already strongly tilted before the intrusion began. Their 
regional dip and strike were essentially unaffected by the advance of the granite magma. 
It seems quite without question that here, in some way or other, the magma ate its 
way up through the sedimentaries so as to form the subterranean chamber now :filled 
with the crystallized granite. Similar evidences of downward enlargement and of 
magmatic incorporation are also illustrated on a large scale in the Okanagan batho­
lith. The primary importance of these fact!!, as bearing on principles o-f general and 
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econornic geology, warrants their being noted even in a brief report of the season's 
operations. 

The thicki:lesses, structures and lithological composition of the members of the 
Cretaceous series were determined. Fossils were collected _at six horizons. The whole 
series is eut off on the west by a nrnster fault running along the eastern base of the 
Hozomeen riJge. From that fault to the Skagit the rocks are chie:fly serpentines, 
green-stones and cherty quartzites, enormously crushed and believed to be upper Palreo­
zoic in age. 

This season the extreme eastern and extreme western limits of the great ÜOTdiL 
leran ice-cap of the glacial period were located for the 49th parallel. It is now possible 
to construct a complete profile showing the width and varying depth of the ice-cap in 
this latitude. 

I have the honour to be, sir, 
Y our obedient servant, 

REGINALD A. DALY. 









,I
 






