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REPORT OF THE CHIEF ASTRONOMER AND INTERNATIONAL
BOUNDARY COMMISSIONER.

DEPARTMENT OF THE INTERIOR,
DoMINION ASTRONOMICAL (OBSERVATORY,
O1TAWA, CANADA, July 1, 1907.

W. W. Cory, Esq.,
Deputy Minister of the Interior,
Ottawa.

Sie,—1T have the honour to report as follows upon the work of the Astronomical
Branch of the Department of the Interior, and of the International Boundary Surveys
for the nine months ending March 81, 1907.

The correspondence of the branch from July 1, 1906 to March 31, 1907 was:—

Letters received (exclusive of cn'culars). e Le Tt N [ by s BP0

Letters sent £ i = 1S S
Showing an increase over the previous ﬁscal year of 23& per cent.

Accounts dealt with. . il Eaal (O TR e Rl BT Pt AU .

Increase, 473 per cent.
A statement of the work of the photographic division is appended. (Appendix
No. 1.)

The library now contains 2,469 bound volumes, besides numerous pamphlets. The
increase is rapid from the addition of scientific journals, reports of other observatories,
&c. To meet the increase a large addition to the shelving is being made by the
Department of Public Works.

The workshop has proved most useful. The appointment of a mechanician, last
July, has enabled many improvements as well as repairs to be made to instruments,
resulting in economy in both time and money. Repair work in the building obviates
the necessity of sending an instrument away, which may involve the interruption of a
series of observations, while the construction of apparatus to a required design, and
under the direct supervision of the designer, is a most valuable feature. Construction
has not been confined to minor apparatus; a spectrograph specially adapted to
determination of radial velocities has been construeted. A descnptlon of this instru-
ment, which was designed by Mr. Plaskett, will be found in his report appended
hereto. A registering micrometer for attachment to one of the transit instruments is
now in course of construction.

The Observatory has joined the  astronomical exchange.’ At the Observatory of
Harvard University is a central bureau for the receipt from observers all over the
continent of reports of any discoveries or notable observations which they may make.
These reports are telegraphed to the observatories which are members of the exchange,
and are of service in keeping the members of the staff informed on current astro-
nomical matters. A well devised cipher enables a great deal of astronomical informa-
tion to be conveyed in a short telegram.

In December, a section of the Royal Astronomical Society of Canada, comprising
now over one hundred members, was formed. Fortnightly meetings were held in the
Observatory during the winter, at which papers on astronomlcal subjects were read
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and discussed. These meetings have been of great service to the members of the
staff, by the interchange of ideas, and they have also evoked much public interest.

The number registering in the Visitors’ Book, has been 2,688, during the nine
months ending on March 31, last. Many of these have called during the day, to see
the 15-inch telescope and other instruments, including the, to many, more interesting
apparatus, that by which the time system is operated.

On Saturday nights, the public is admitted to view the heavens through the large
telescope. Members of the Astronomical Society also have this privilege on the nights
of meeting.

It has been necessary to refuse the applications which occasionally are made to
look through the telescope on other nights. The instrument is in use on every clear
night, with the spectroscope or other auxiliary instrument attached, and to grant a
request to see through the telescope would necessitate replacing the attachment by
the visual eye-piece, and an adjustment of the counterpoises, with a resulting loss of
time which would be fatal to regularity of observations.

The transit instrument is still housed in the temporary shed to the east of the
main building, the western wing, built to accommodate this instrument as well as
the meridian circle, not having yet been completed. Work, however, is now progressing
upon the piers for the instruments, and on the roof of the wing. The meridian circle
has not yet been received from the makers.

It is expected that work will soon be commenced on the coelostat house, and the
house for standardizing measures of length. The plans and specifications have been
completed by the Public Works Department and it is expected that tenders will be
called for in the near future. Both buildings are much needed.

The astrophysical work has been continued under the direction of Mr. Plaskett.
It has comprised, mainly, observation of velocities of stars in the line of sight for
determination of the orbits of speectroscopic binaries; also, solar photographs for
record of sun-spot areas. Micrometric work on double stars has been begun. Mr.
Plaskett has undertaken investigations of the errors entering into spectrographic
work. He has also prepared drawings of mechanism for coelostat telescope, of house
for the same, and of various instruments, an account of which will be found in his
report hereto appended. In the summer of 1906 he visited a number of observatories
at which spectrographic work is carried on, with a view to familiarizing hlmself with
the processes employed.

Daily records are obtained from the seismograph of earth movements. The large
scale of the record (90 c.m. per hour) is of advantage in the accurate determination
of the time of disturbances. A discussion by Dr. Klotz of these observations, and
their scientific bearings, will be found in his report.

Arrangements have been made for commencing during the present summer,
systematic observations of the magnetic elements at various points, as well as observa-
tions for gravity with the half-seconds pendulum, in continuation of the observations
with this apparatus made by Dr. Klotz some years ago at Ottawa, Toronto and
Washington, and at points on the route of the transpacific cable.

The time service has worked satisfactorily. There are now 215 dials operated
under the system of control from the Observatory, deseribed in previous reports, with
one tower eclock (at the Observatory). A system of twenty dials and a tower clock
will shortly be in operation in the Post Office, and provision is being made for 29
dials in the Printing Bureau, 29 in the Mint and 7 in the Archives Building. The
Ottawa Electric Company have offered to place, at their own expense, a large dial
in front of their office on Sparks Street, to be operated from the post office circuit.
Some improvements have been made in the mechanism for sendirig the noon signals.

The time-keeping of the standard sidereal clock at the Observatory has been
brought to a high degree of perfection by means of an automatic temperature regu-
lation through a Callendar recording (and controlling) thermometer. A description



REPORT OF THE CHIEYK ASTRONOMER 3

SESSIONAL PAPER No. 25a

of this instrument will be found in the appended report by Mr. Stewart on the time
system.

My last report, dated October 9, 1906, brought the account of the field astronomical
work for the determination of latitudes and longitudes up to the close of last sum-
mer’s operations. Necessarily there is nothing to report as to the occupation of new
stations, since this work cannot be done in winter. In April, last, Mr. F. A.
MecDiarmid, who is our principal field astronomer, was detailed to accompany an officer
of the United States Coast and Geodetic Survey to the 141st meridian, at the Yukon
river, to observe an initial azimuth for the survey of that meridian. As a better
determination of latitudes and longitudes of points on the Yukon river has long been
a desideratum, it was thought advantageous that Mr. McDiarmid’s services, while he
was in that region should be utilized, after he had completed the azimuth work, in
the determination of the geographical positions of various points between the boundary
at the 141st meridian and the boundary at White Pass, including Dawson. Mr. W. C.
Jaques was detailed as the second observer.

Arrangements have also been made for the observation of the geographical
co-ordinates of several points in Ontario, Quebec and the maritime provinces, for
cartographical purposes.

The trigonometrical survey of Canada is being continued. Owing to the unusually
late spring this year, operations were much delayed, although reconnaissance was made
by Mr. Bigger, during the winter, eastward as far as the boundary of New Hampshire,
and at this date, the selection of angular points has been completed between this point
and a meridian about 30 miles west of Ottawa. The building of observing scaffoldings
where necessary at the angular points has been almost completed over this whole
extent, and observing is noy proceeding.

Lines of level are being run over the principal railway lines in the eastern town-
ships to connect with the levels which are being carried along the international
boundary line (45th parallel). Two parties are engaged on this work.

At the request of the Militia Department a connection is being made with the
United States Lake Survey primary stations on the Niagara peninsula, with a view
to triangulating across the lake to the neighbourhood of Toronto. This connection
will afford a basis for the topographic work of that department around Toronto.

It is my painful duty to record the death of Mr. J. D. McLennan, D.L.S., who
was employed on the triangulation for two years, 1905 and 1906. His health failing,
he was compelled to apply fer sick leave last winter. He died at his home, at Port
Hope, on April 19, 1907.

In pursuance of an order in council, dated November 18, last, a committee was
formed of representatives of the departments which conduet surveys, to consider what
steps, if any, should be taken towards the systematizing of surveys for topographical
purposes.

The committee was composed of seven departmental representatives, together with
representatives of the Universities of Toronto, Mc@ill and Laval. The undersigned
was elected chairman of the congmittee, which held frequent meetings in December,
January and February, and completed its report on February 15.

In my last report an account was given of the observations for longitude pre-
paratory to the survey of the 141st meridian. As already stated, before the opening
of navigation on the Yukon, Mr. MeDiarmid was sent to the point where the meridian
crosses the Yukon river to locate, in co-operation with Mr. Baldwin, of the United
States Coast and Geodetic Survey, the initial point of the meridian by measurement
from his observing station of last year, and to lay down the meridian of that point,
to be produced southward by the line surveyors.

Mr. A. J. Brabazon, in charge of the Canadian section of the line surveying party,
followed at the opening of navigation. It is intended to produce the line south as
rapidly as possible in order to reach the mining region near the White river before
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winter, if possible. A topographical survey will be made extending two miles on each
side of the line, based upon a triangulation.

The demarcation of the boundary of the Alaska Coast strip is proceeding as usual.
Mr. J. D. Craig, D.L.S., is working on the line back of Bradfield canal, and Mr. W. F.
Ratz, D.L.S., is marking the boundary line at Taku and Whiting rivers, and making
an exploratory survey of the unmapped region east of Stephens passage, in order that
the commissioners may be able to decide (in aceordance with the agreement of March,
1905). which peaks should determine the boundary line. Each of these surveyors is
accompanied by a representative of the United States commissioner.

Mr. D. H. Nelles, D.L.S., accompanies, as my representative, an American party
under Mr. Fremont Morse. This party is engaged in making a triangulation up
Glacier bay, in order to determine the geographical positions of the mountains on the
boundary line westward from the termination of the survey made two years ago by
Mr. Ratz, south of the Salmon river. One peak is especially important, the first peak
east of the Alsek river, for between it and the next peak west, as determined by the
Tribunal, there is a stretch of 50 miles. Hence the proper identification of this peak,
and the determination of its geographical position is most important. An attempt
was made last year to reach it from the other side, by way of the Alsek, but it was
not identified with certainty.

Another United States party is working to the east of Lynn canal.

The survey of the 49th parallel is being continued by Mr. J. J. McArthur, D.L.S.
Of the part of this line west of the summit of the Rocky mountains, there remains to
be completed but a few miles in the foothills of the Cascade range. This will be com-
pleted this year.

I have arranged for a tour of inspection of this line in company with the United
States Commissioners, Mr. Tittmann and Dr. Waleott. We start in a few days.

The survey of the Eastern section of the boundary line (from the Richelieu
river to the St. Croix river) is proceeding under Mr. G. C. Rainboth and Mx. J. B.
Baylor, the Canadian and United States engineers, respectively. The work, which
consists of a resurvey of the line and the placing of new monuments, was begun last
August at Hall’s stream, at the northeastern corner of the State of Vermont. It is
expected to reach Richelieu river by the close of the present season.

A survey of the international boundary line was made at Portal, on the C.P.R.
at the southern boundary of the province of Saskatchewan.

The boundary line (the 49th parallel) had been surveyed in this locality by the
Joint Commission of 1872-75, but the nearest original monuments were at some
distance on each side of the railway station, where a closer definition of the line was
desired on account of a question of jurisdiction which had arisen.

In October, 1906, T gave Mr. C. A. Bigger instruetions to perform the demarc-
ation in co-operation with Mr. O. B. French of the United States Coast and Geodetic
survey, who was detailed by Mr. Tittmann, the American Commissioner, for the work.
The survey was accordingly made, and the line marked with iron bolts driven into the
ground, and by nails in the station platform. The demarcation was approved by
Mr. Tittmann and myself in a joint report dated November 23, 1906, which has been
accepted by the two governments.

Appended hereto will be found the following statements and reports :—
Appendix 1.—Report of work done in the photographic division.

Appendix 2.—Report by Otto Klotz, LL.D., on gravity, seismology and magnetics.

kAppendlx 8.—Report by J. S. Plaskett, BA on astronomical and astrophysical
wor
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Appendix 4—Report by R. M. Stewart, M.A., on time service and transit
observations.

Appendix 5.—Observations for latitude and longitude.

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

W. E. KING,

Chief Astronomer
and International Boundary Commissioner.
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APPENDIX 1
REPORT OF THE CHIEF ASTRONOMER, 1907.

STATEMENT OF WORK PERFORMED IN THE
PHOTOGRAPHIC DIVISION






APPENDIX 1.

StaTEMENT of work done in the Photographic Division between the 1st July, 1906, and the 31st March, 1907.
—— Size of I’rints, Negatives, &c. Total.
In, | In. [ In, | In. (Tn, [ In. | In. [ In. | In, | In. | In. | Im | Im, | Xm,
31x5%| 4x5(48x64 5x7|8x10(10x14{14x 17|16 x 20/20 x 24| 8 x 36 |28 x 3630 x 4040 x 60| 3 x 14

Survey plates developed ...............0 o0 L.l S Lol e T RO TR 1 R ) e SN | o, e e ol e Pt | e 1, S 1,046
Films developed................ I e B A el & 200] - 2201 .3 Akl e FH ARl TR e N e LT it | 5y 420
Copies, mapsand plans..... ....ocoieiiiieniianenieaiane|vnnre Joveceilioeneafeaanns 46| , 7 izt NP e = el el T=r. 82
Lantern slides and transparencies. .. . ...........ccovvenfovines Lt I ‘ ................. Ll [ ST 202
Blackand white and blue printac. ..l .cmiesnerva sl | 5 ook o ol|ls S s = [a Bt erilert s e 24 17 i) 30 25 A0 et 116
Bromide prints. . ........cccviviiiniiieines s N - ceve [hise ay St G S IEEERT) 11 78 8 48 ...... eI e e T 1,294
Argo paper prints (Contact).........oocvninieieiie vaeenaant]| veens 400, 80 R ROGE 2 T L ra e Tl o, B 3,133
Seismograms developed..... .. 551 0l 04 1 12 D e s uend Rt T b LIS TR T e ARy e e > - < PUTICN | T, S PR | R ; 274
Star spectrum plates enlarged. ... .......... ciiiiiiaiann S SIS o e R LA | R IR e | ) ol O T [ s ¥ 12 12
w print enlargements........ FIOCT o R A et 3 o 5| \Pyipiog. S50k En Uhveess ol e pte ; &% 3 o | R | o o e e W) 3 e e b e g 18 18
Sun observation plates developed............... o or s R es| e bl [ e R LS L 45...... o o T | ML IS A HSHIE (1 T A, 145
Platinum Prints . ...... voooveiuiennaenreierenririranenosfones 5 oo TO] S e AL | iy, i A 3 e | S GAHEEY e P 75
M 11771 G S TR oo 4 ¥, 9, s 0 B S8 G, o o 200 827 1,044 2,518| 488| 1,149 42| 124 18] 322" 30 25 10 30| 6,817

J. D. WALLIS,
Photographer.
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APPENDIX 2,
REPORT OF THE CHIEF ASTRONOMER, 1907

GRAVITY, SEISMOLOGY AND MAGNETIC WORK

BY

OTTO KLOTZ, LL.D.
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~ APPENDIX 2.
GRAVITY, SEISMOLOGY AND MAGNETIC WORK, BY OTTO KLOTZ, LLD.

W. F. King, Esq., B.A., LL.D,,
Chief Astronomer,
Department of the Interior,
Ottawa.

Orrawa, ONT., July 1, 1907,

Sm,—I have the honour to make the following report of the work carried out
under my charge, which may be classified under three different headings:—Gravity,
Seismology and Magnetics.

GRAVITY.

The pendulum observations made by me with our half-seconds apparatus at
MecGill University, where previously Commandant Defforges of Paris had observed,
and at the School of Practical Science, Toronto, are given in abstract; by comparison
with my observations taken at the international base station of the United States
Coast and Geodetic survey, Washington, I was enabled to give satisfactory absolute
values for gravity.

The most interesting and valuable gravity observations taken by me are those in
the South Seas at Suva, Fiji, and those at Doubtless bay, at the northern extremity
of New Zealand. The importance is two-fold; in the first place the vast Pacific
is more or less a virgin field for gravity work, and in the second place the number of
gravity stations in the vastly greater water-area of the globe is very limited, so that
the anomalies of gravity deduced from theoretical considerations based on latitude and
an assumed ellipsoid of revolution from geodetic and pendulum measures, are known
only for a relatively small part of the earth’s surface. The results obtained therefore
from ocean stations are at present of far greater value than for those on land.

Advantage was taken of the Eclipse expedition to Northwest river in August, 1905,
under your charge to obtain gravity observations there. These were carried out by
Professor L. B. Stewart, and are given in abstract together with the reduetion to
absolute value based on my Washington observations with the same pendulums.

The observations for gravity at the five stations, Montreal, Toronto, Suva (Fiji),
Doubtless Bay (New Zealand), and Northwest river were made with the half-seconds
pendulum apparatus described in my report for 1905.

Each of the three pendulums was swung for about eight hours in one position
and then for a similar time in the reversed position. Time observations, the interval
between which serves as a scale expressed in sidereal seconds for determining the
period of a pendulum, were obtained at the beginning, at the end, and during the
swings of the pendulums. Two sidereal chronometers were always used by me, except
for Montreal, where the standard sidereal observatory clock was used, for noting
coincidences, and one of them was used for the time determinations. The latter were
always obtained from two positions of the transit, circle east and circle west, and the
transits recorded on the chronograph. A comparison of the two chronometers was
generally made three times a day and on the chronograph so that a good differential
rate between the two time pieces was obtained. This differential rate was inter-
polated for the middle time of each swing for obtaining the rate correction for the
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period. In order to make this part of the report complete in itself, it will be well
to repeat briefly the method of reduction of the observations. The lengths of the
pendulums, upon which the period depends, are supposed to be invariable except
as affected by temperature. As a test of invariability they are generally swung again
at a base station after a pendulum campaign. Gravity observations with a half-
seconds pendulum apparatus give only differential values for the acceleration of
gravity, that is, a comparison is made of the period of a pendulum, or of the ‘mean
pendulums,” which is the mean of the several pendulums swung, at a given station
with that at a base station for which the absolute value is known. Washington, where
the pendulums were first swung, is the base station for the following observations.

In order to make the periods comparable with those obtained with the same
pendulums at other times and stations, it is necessary to reduce them to certain
standard conditions. These conditions, which are arbitrarily adopted are: an infinitely
small arc; temperature 15° C; pressure 60™™ of mercury at 0° O; true sidereal
time; and inflexible support.

Arc Correction—Were the pendulums. swinging for a very brief time only, the
reduction might be made from the observed arc or amplitude. We would then have

1:3\2 1-3:5 .
to=7ty (1 + (3)? Sin? :—+(ﬂ) Sin* ; + (m 2Sin"; PO O e el 9

where t, =reduced time or time for infinitely small are, t= observed time, and o
— the amplitude or half of total arc.—
The above expression reduces to

Lae BT
t=t,{ 1 +36 Y3072 e ) « being in radians,

from which

a? «t
f°=t(l—‘l‘g+m .............. )

Asg a is generally less than 3°, the term containing the fourth power may be
omitted and we obtain

w=of(1- ) M

This reduction pertains to a uniform are, or when the swing is of short

da a”

duration, and for such may be put in the form, t,=t (1 -6 )’ where o’ and o”

are respectively the arcs at the beginning and end of a swing.

This latter form is the one used in the reduction of the oscillations of a magnet.

When, however, the swing continues for a considerable time, formula (1) is no
longer applicable.

On the assumption that the amplitude decreases in geometrical ratio, the relation
between amplitudes is a=a,e™, where k is the logarithmic decrement, t the time
interval and e the base of the natural logarithms. For reduction, the adaptation of
Borda’s formula is,

. , . ’
arc correction =— -I—)AI o (4’,+ 9, fam (f# 2
32 log Sin ¢ —log Sin ¢’
where P is the period of the pendulum in seconds, M the modulus of the common
logarithmic system, ¢ and ¢ the initial and final semi-arcs respectively.

Temperature Correction—The coefficient necessary for this correction was
determined experimentally at Washington with pendulums of the same material and
construction as those of our apparatus, by swinging the pendulums at tempera-
tures differing about 20° C, and obtaining the periods for the different temperatures.

From these experiments the formula for correction for temperature was derived
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Temperature correction = + -00000418 (15° - T°), where T° is the temperature
of the ‘dummy ’ pendulum within the air chamber in degrees Centigrade.

Pressure Correction.—The air chamber during a swing is exhausted to about
60mm pressure, and the swings are reduced to this pressure. From observations by
G. R. Putnam, at Washington, in 1894, the

Pr
ction = + 00101} 60— —

pressure correction = + ‘0000 [ 17700367 T°]
where Pr is the mean of the observed pressures at the beginning and end of the
swing, and T° the mean temperature of the pendulum during the swing. The

Pr
1+ -00367 T°
0° Centigrade.

expression is simply a reduction of the air pressure to a temperature of

Rate Correction.—In field observations very good time determinations are obtained
with the astronomiec transit, chronometer and chronograph; the comparisons between
the chronometers, three times daily, on the chronograph for differential rate are very
satisfactory, yet for absolute rate we are dependent upon one or other of the
chronometers keeping a uniform daily rate as deduced from the time observations.
The fluctuations of the rate during the 24 hours must be sought mainly in the
change of temperature, which it is very difficult to maintain uniform in an observing
hut, ten feet square.

As there are 86,400 sidereal seconds in a day, if R is the daily rate then the

R -
50400 = 000011574 R, and for a period P

Rate correction = -000011574 RP
For a chronometer gaining the correction is subtractive, and for losing additive.

correction per second =

Flezure Correction—As all the observations to date with one exception have
been made on solid stone piers detached from the immediate floor, the flexure correc-
tion is small and practically constant. From observations made statically by means
of a weight, 1-5 kilogrammes, the following formula is derived:—

Flexure correction = -00000065 D, where D is the displacement of the knife-edge
in miecrons.

Applying the above four corrections, the periods of the pendulums are obtained
and expressed in sidereal seconds. The acceleration of gravity, or g, is expressed,
however, in terms of a mean time second. For differential gravity observations it is
quite immaterial which time, sidereal or mean, we employ, as the ratio between them
would remain the same in the deduction of the unknown g from the relation
P}:P*=g:g, where P,, g, pertain to the base station.

A word about the theoretical value of g.

In 1743 was published Clairaut’s celebrated work ‘ Theorie de la Figure de la
Terre,” in which is given his famous 1;11eorem:g~,£’-‘(Z Ll Z m-—e 2
where g’ and g are respectively the values of gravity at the pole and equator, = the
ratio of the centrifugal force at the equator to gravity, and e the ellipticity of the
meridian or flattening.

Furthermore for any latitude gp =g {1+ (5m—e) Sin’ ¢} for sea level. (3)

Todhunter* says: °‘The assumptions on which Clairaut’s demonstration of his
famous theorem rests should be carefully noticed. The strata are supposed to be
ellipsoidal, and of revolution round a common axis, and mnearly spherical. Each
stratum is homogeneous, but there is no limitation on the law by which the density
varies from stratum to stratum: the density may change discontinuously if we please.

* History of the Theories of Attraction and the figure of the earth. Vol. 1, p. 221.
25a—3
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It is not assumed that the strata were originally fluid; but it is assumed that the
superficial stratum has the same form as if it were fluid and in relative equilibrium
when rotating with uniform angular velocity. There is no limitation on the law by
which the ellipticity varies from stratum to stratum, except that the ellipticity must
be continuous, and at the surface must be such as would correspond to the relative
equilibrium of a film of rotating fluid.’

Fundamentally Clairaut’s theorem is used to-day, it is simply a matter of sub-
stituting values for g, m and e, and the different values adopted for these latter consti-
tute practically the differences between different formulas that we have for the
theoretical determination of the value of g¢. As data accumulate slight modifications
in the constants are made.

Another form of expressing (8) is 9¢ =9, (1-B Cos 2¢), in which form Hark-

ness gives g¢ = 980-60 (1--002662 Cos 2 ¢)* 4
The most recent accurate general formula for sea-level is that of Helmert
g¢=978-046 (1+-005302 Sin® ¢ - -000007 Sin® 2¢)+ (5

This formula differs from Helmert’s 1884 formula principally in the new value
978:046 for equatorial gravity, instead of 978-000.

It has been found that the actual figure of the earth as determined by the surface
of the oceans differs but very little from a figure of revolution, the differences that are
found, however, from Clairaut’s assumption are the deviations from homogeneity in
the distribution of the matter of the earth. The difference between the observed value
of g at or near sea-level and the computed one (5), dependent upon the latitude gives
the ¢ anomaly.’

In the reduction to sea-level, that is, merely for height of stations, we have
directly, from theoretical consideration that gravity varies inversely as the square
of the distance, the change in g due to an elevation %, where & is small compared with

the radius  of the earth, equal to27hhence formulae (3), (4), (5) obtain the addi-
tional factor (1—-27—7"). Putting r =6-8378 x 10° metres, we find that 33 metres

elevation decreases gravity by ®@-01, which Helmert expresses as “-0003086 H,
where H 1is in metres. This reduction is simply for elevation and disregards the
matter lying between the station and sea-level. .

If we take into consideration the matter lying between the station and sea-level,
and on the assumption that it extends indefinitely in a horizontal plain or is a shell of

depth H, then gravity is increased b; i:'—z— 28\—, where § is the density of the matter

above sea-level, and A the mean density of the earth. 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 correction, ¢ the topographical’ correc-
tion, making a third term to the above two is introduced, it has the positive sign.
When this term is introduced topographical sheets are necessary and some value for
density must be assumed.

It must be admitted that with reference to these latter reductions considerable
uncertainty is involved dependent upon the assumptions involved and the constants
adopted.

Professor Everett says: ¢The reduction ‘for elevation is largely a matter of
guesswork; and in records of observations the actual values are much more important
than the so-called ¢ values reduced to sea-level’

For deducing the absolute value of g for a station, we have the relation with
reference to the base station at Washington, PZ: P2=g:g, (8)

* Smithsonian Geographical Tables 1897— Appendix.—
+ ¢ Der normale Teil der Schwerkraft im Meeresniveau.” X. Preuss. Akad. der Wiss-
ensehaften zu Berlin. 1901 S. 336.
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In this reduction, as formerly, g, is taken at 980-098 dynes, this value when similarly
applied to Potsdam, for observations with the same three half-seconds pendulums,
gives for the latter g, = 981-261, while the absolute determination by an elaborate
geries of réversible seconds pendulums gives* g, = 981-274, a difference of -013. For
any of the following deduced values of g by adding -013 we obtain a value based on
Potsdam.

CQorrections to thermometers, as tested at Washington Bureau of Standards. Test

No. 229, December 27, 1902.

SCALE. CORRECTIONS.

C Green 116. Green 121.
(-] -] o
0-0 --10 —-20
5.0 --10 - 10
10-0 --10 —-15
12-5 - .15 - -15
15-0 --15 —-15
17-5 --15 --20
20-0 --15 - -20
22-5 --15 --15-
25-0 --20 - +20
27-3 --20 - 20
30-0 - -20 - 20
32:0 --20 --20
85-0 —+20 - 20
40-0 --20 --20

That is, the Green thermometers read too high.

Montreal—Pendulum apparatus was mounted on and cemented to a solid brick
pier 2’ 5” x 8’ 5” and 8" above the floor, slate top. The pier was 27 feet west of the
pier on which Commandant Defforges observed in 1893, being in the north basement
of the Physics building, McGill University. Latitude of station 45° 30/ 22” (McLeod),
longitude 78° 84”; elevation 131 ft. (40™).

A telegraph line was strung between the nearby MeGill College observatory,
connecting the sidereal observatory clock with the flash apparatus. Professor McLeod,
director of the observatory, kindly supplied the daily rate of the clock.

It may be noted that in the reportt of Commandant Defforges for his Montreal
observations he gives the height of the station as 100 metres instead of 40 metres, the
actual height. Hence his reduced value for g requires a correction for the erroneous
height.

Toronfo.—Here the apparatus was set up in the southeast basement of the School
of Practical Science. It was mounted on and cemented to the comparator stand, a
solid steel structure on firm foundation and free from the floor. Latitude of station
43° 39 35”7, longitude ‘79° 24’; elevation 349 ft. (106™). Professor L. B. Stewart
observed for time and the daily rates of the chronometers were deduced therefrom.

Suva.—This station was primarily occupied as a longitude station in the series
¢ Transpacific Longitudes,” given in the report of the Chief Astronomer for 1905.

Adjoining the transit hut was erected another one 7 feet square and in it a
concrete pier was built 2 feet square, 5 feet high, and rising two feet above the floor.
The circulation of the air was facilitated by an opening 3 inches wide between the

* “ Bestimmung der absoluten Grésze der Schwerkraft fur Potsdam mit Reversions-
pendeln ’—Berlin, 1906.
t Translation in United States Coast and Geodetic Report, 1894.

25a—2%
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roof and the walls, The flash apparatus was in the transit hut and a small opening
in the board partition permitted coincidences to be noted. The two chronometers
were kept in the ¢artificial line’ cabinets within the contiguous cable building, in
order to assure as uniform a temperature as possible, and was satisfactory under the
circumstances, the range for the twenty-four hours being confined to about two degrees
Fahrenheit. In the huts where the range of temperature is greater, it is (in the
tropics) far less than in the temperate zone, where in our observing (transit) huts
the temperature in the summer during the day-time readily runs up to 100° F. and
more. Latitude of station—18° 08’ 45”, longitude 178° 25’ 86” E, elevation 2m+.

" Time observations were made with the astronomic transit as in longitude work,
observing clamp east and clamp west, recording on the chronograph, on which also the
chronometers were compared.

From the transit observations, the daily rate of Bond 516 is found to be uniform,
—18-60 (gaining), which is adopted, and from the three daily comparisons of the two
chronometers, the varying rate of Dent 48,419 is deduced. Although the rate of Dent
varies considerably during the 24 hours, yet by the frequent comparisons of the two
chronometers, a good differential rate is obtained and from it the rate is interpolated
for the middle time of swing; as the periods by the two chronometers show, a satis-
factory result is obtained by this interpolation.

| I DENT. | s | Dint : &
Difference | Middle (et
Dent Bond | | corrected |~ T — | time of | 98ily “
Dare. | 4419 516 S for | Ay time. [Dailyrate] P0G | dumser | 8
3 - uring | 5
Bond rate. swing. | > | £
1903 h. m. s|h m s g 8. hh m B h. m. 8
July 10| 729 00729 08'69) -~ 869 |
n 12{ 17 04 0017 04 10 52! ~-10°52 -12'53 |
22 00 -192) 22 00 -192 1
" 13 256 00| 2 56 10-39 ~10-39 -11-18
7 07 -1'14 6 08 -1-23 2
" 13/ 11 19 00{11 19 10°55 ~10°55, -10°95 |
14 46 -1:63| 14 06/ —-1-50f 3
" 13| 18 13 0018 13 10°57 -10°57 -11-01 |
22 27 - 85 21 48 - ‘90| 4
" 14| 241 00| 2 41 1083 -10°83 -11-13
6 41 —~ 36, 6 08/ - ‘40| b
" 14| 10 41 00{10 41 11-24 -11-24 -11-36
14 59 -109 14 16 -1'03 6
22 321 - ‘48 7
n 14| 19 17 0019 17 11-42 ~11-42 —-11-81 |
3 22 - 08 6 11 - ‘70 8
" 15 11 27 00/11 27 12°44 ~12-44 —12°560
15 385 278 14 88 -252 9
" 15/ 19 43 00[19 43 12°05| -~12-05 -12-99 !
23 56 -2-02[ 23 09 —2'09' 10
" 16| 409 00/ 4 09 11°90 ~-11-90 -12-61
rd g i) -1'63 7 24 -1'57111
n 16| 11 49 0011 49 11'92 ~-11-92 -12-41 |
15 46 -812| 15 15 --3'02( 12
" 16| 19 44 0019 44 11°42 ~11-42 ~12-45 |

Doubtless Bay, N.Z.—Here, as in Suva the pendulum observations were made after
completing the longitude determinations.

In the store-house of the Pacific Cable Company, was built a solid concrete-brick
pier of the same dimensions as the one at Suva, and on it the apparatus was mounted,
the footplates of the air-chamber being as usual cemented with plaster of paris to
the top of the pier.

The observations with pendulum No. 2 were unsatisfactory and were discarded.
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Latitude —84° 59 207, longitude 173° 29" E, elevation 7. The time observa-
tions were made similar to the ones at Suva; and the chronometers were also kept
in the artificial-line cabiftet and the comparisons made thrice daily on the chronograph.

Although in the interval of five months and transport from Fiji, the Bond chrono-
meter had materially changed its daily rate, from — 1-60 to —10°-42, yet the daily rate
at either place was fairly uniform, so that the rate of the Dent is referred to the
Bond by means of the differential rates from chronograph comparisons.

‘ :
Dift. Dent. Middle| Demt | 3
Dent. Bond. D.—B. | corrected time of | Y |
o 48419, 516. G I A | Daily | 20 | diming | &
| Bond rate.} time. | rate. | BWing. swing, | &
1903. h. m. s.| h. m. = 8. 8. h. m| s h. m. 8.
Dec. 16..... 2 56 00 2 B O 0D s i e e s o o3 e
w 21.....{ 1 09 00 1 09 6724 | —57°24
13 05 — ‘04 | 23 49| —3'48 | 1
. 1 01 00 1 02 Q756 | —67'56 | —67 60} .
8 95| —453 |...u.ini]one-
p=- - AR 5 09 00 5 10 03'57 —68°67 | —69°35 8 07| —283 )| 2
13 26| —1-03 |16 37 | —1'59| 8
oy - ST 21 44 €0 | 21 45 1506 | --75'06 | —75'77
23 80 (—-280
o BB . 1 15 00 1 16 16-18 | —76°18 | —T76'59 o | 0 29| —2'63| 4
. B8 26 —1'297 8 36| —1'221 b
w 24.....|15 36 00| 15 37 2164 | --81-64 —82:41
19 46 | 4+1°90 | 16 42 | +1°04 6
n 248,000 23 67 00 23 58 25.'92 [ —85°92 | —85°26

Northwest River.—This station was primarily occupied to observe the total eclipse
of the sun on August 30, 1905. Professor L. B. Stewart, of the School of Praectical
Science, Toronto, was entrusted with the selection of the site and the determination of
time and geographical positions, besides making gravity observations with the half-
seconds pendulum apparatus used at the preceding stations. Professor Stewart
writes: ‘A small wooden structure 8 feet by 10 feet was speedily erected to serve as
an observatory, having a transit slit in the roof closed by a trap door. Two concrete
piers were also built, one in the middle of the building to serve as a support for the
(10-inch) theodolite, and the other, a lower one, in the northeast corner for the pendu-
lum receiver. * * ¥ * Latitude was determined by observing the meridian altitude of
stars’ north and south. Moon culminations were observed for longitude. Time was
determined by observing the transit of stars over the five threads of the theodolite,
12°-7 intervals, clamp east and clamp west, recording the same on a chronograph.
Dent sidereal chronometer No. 49,950 was used, as also for the pendulum observations.
There were besides in the outfit sidereal chronometers Bond 516 and Dent 2,071, also
mean time Bond 511.
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The following are the results of the time observations for Dent 49,950 as given
by Prof. Stewart.

Date. Time. Correction. | Interval. Rate.
1905. h. m s s. d. a.
Angust! I8:., ok, L blie on | Bl S T e 20 00 00 +25 74
2-9583 +1:30
" L U A I o ST W e oot 19 00 6O +29°60
4-9653 +1-96
" 7 SR R e T T D 18 10 10 +389°35
4-3958 +3-24
" T2 N bt AR A S T3 D00 b oG o GF o 3 40 00 +63-59

The pendulum observations were reduced as the preceding, to infinitely small
arc; temperature 15° C; and pressure 60™™. There was no observation for flexure,
and hence no correction. The apparatus having been mounted on a solid concrete
pier the flexure correction would be confined to the units of the seventh decimal of a
second in the period.

For each pendulum, direct and reversed, twelve coincidences were noted, giving
thereby between the 1st and 11th, 2nd and 12th the interval for ten coincidences, from
which the uncorrected period is obtained.




PENDULUM OBSERVATIONS AND REDUCTIONS.
Station—Montreal, Physics Building, McGill University. Observer—Orro K1LoTz.
N . T
COINCIDENCE PERIOD CORRECTIONS
INTERVAL, | ARC. UNCORRECTED. (7r5 DECIMAL PLACE). PERIOD CORRECTED.
Diato. ..§ _ CHRONOMETER. $ CBRONOMETER, ¢ RATE CHRONOMETER.
g | g s g, maits s
AE-RE-RR = g | & §E | E g
ki g % :é St“’:‘?gzgegb:fgl?mry 23} § 2 | Observatory clock. | 3 % Obs:f‘;‘gl":"ry & Observatory clock.
5 = e - = i —
&&= BlE| & | & < |8 | A &
1902, 8. C. | mm, 8. 8.
Sept. 10..| 1| 1| D | I 188-282 56" | 19’ [17°.78| 47°H 5013313 — 9) —114| +13] —230 -5 5012968
A b | LISLEE O B - 5 L 188°125 64’ 24/ |17°.49| 49'5 5013324 —12| —104;] +11 —229 —b 5012985
w 1. 8] 2| DX 169°828 67’ | 24’ |17°.63] 49°2 *5014764 —13| —110{ +11 —228 —b 5014419
w 11, 4] 27 R I 170-208 68’ | 20’ (17°.63| b1°8 5014731 — 9| —110| + 8 —228 —5 * 5014387
w 12..| 6({ 3| D | II 173°146 58| 21’ [17°.63] 48'8 5014481 —10) —110/ <11} —227 —b *5014140
w 12..| 6] 3| R|II 173°120 65 | 19 [17°.70] 481 5014483 — 8| —113] +12| --226 —5 +5014148
VST T S A LT S g e b * 5013840
Mean pendulum at Washington............... 5015241
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PENDULUM OBSERVATIONS AND REDUCTIONS,

Station - Torouto, School of Practical Science. Observer—OTT0 KLO7Z.
COINCIDENCE I PERIOD CORRECTIONS
INTERVAL, | ARC. | UNCORRECTED.|  (7tm DECIMAL PLACE). PRI EORE R L,
3 eoi— SRR AT T T |
DeNt [ . DrNT .
Date. ’g \ & | CHRONOMETERS. | ﬁ CHRONOMETERS. g Rare, DL
s | g .| &|— —
“ ._.: £173 g E g g E g | Mean.
k- =g = 45 No. 49950/ No. 48419| -§ E g 8 | No. 49950 | No. 48419 g §- g |49950 48419 g No 49950  No. 48419
AL AL k|8 | & 4| & | & B |
1902. ’ 8 8. | C. | mm. 8. 8. 8. ! 8. 8,
Sept. 17 1 i £ el 1 181154 179-816; 59| 20' |17°-20] 526 -5013839| 5013942 — 9| —92| + 7| —282| —346/ —b| 5013508 -5013497, -5013503
w18, 2 it T 181709 179-939; 58’ | 207 |17°. ]5 50°4| 5013796 ‘5013432 — 9| —90( -+10{ —231] —345 —5H| '5013471] ‘5013493 *5013482
w 18.. 83 2| D II| 164-131] 162 358 58| 10/ |17 48-3) 5016278 5015446 — 6| —92) +13| —220| —399| —b5 -5H014958| -5014956| 5014957
w 18, 4| 2 R|II| 164:'4221 163024 58| 19’ |17° 13 40°8| H016251| ‘5015382 — 9| —89| 410 —228| —366| —b6 °5014930| -5014923| -5014927
o 19 5 3| D | II| 167'320| 165°667 H8 21'|17°.13] 50-6| °5014986| 5016187 —10/ —&9| + 9 —226| —374| —b| -5014665! -5H014668| 5014667
7 =100 6| 3| R | II| 167'590| 165789 58 19’ 17°.25| 47'0| 5014962 -5015125{ — 9| —94| +13| —225| —832 —5| '50]4642' 5014048 5014646
Mean pendulum <o '5014364
Mean pendulum at Washington.. .. ' 5015221
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PENDULUM OBSERVATIONS AND REDUCTIONS.

Station—Suva, Fiji. . Observer— Orro Krorz.
I | 43
[ COINCIDENCE = PERIOD CORRECTIONS o
e INTERVAL. | ARC. | 27 UNCORRECTED.|  (7rs DECIMAL PLACE). FERIOSUCERERQIED,
: = —==tea B :
5 g
o 3 m
Date. ,é - 3 CHRONOMETER. g g CHRONOMETER. g RATE. CHRONOMETER.
= 5o |- —— o e e Py — —————— —
“z g g% 3 g = ‘ g & ¢ Mean.
% |2 |5 |5 [No.48419| No.516 | d | | HE | Z |No.48419 No.516| | & | 8 | = | o | 5 |No 48419| No. 516
18 |8lE| Dent. | Bond. | & | 2| 3 2 Dent. | Boud. ﬁ g g g € [ 3| Dent Bond.
Bla & SR B |8 & | & A |& |&
e T s ! == ey
1908. 8 8 C | mm. 8 8. i 8 8 s
July 12 .| 1 11D| L 135°856( 135 988| 68| 29’ |20°°6 | 43'25| -5018470| -5018452' —15| —234| +20| —111| —98} —B] -5018124| -5018124| ‘5018124
w 15, 91 1 (DI 184°85 | 135°29 | 64'| 22 129°-270| 62'6 *501R8608| *£0183471 —11) —306| 4-11) —146] —93) —6 '0018150! 5018142 5018146
« W0 2 1/R|I 135°86 | 135°643| 64’ | 227|21°°65 | 47-75| 5018169 ‘5018499 —11| —279' +16| — 71, —98| —6| 5018118, <5018126' -5018122-
w 15,0 1| R I 135°63 | 135°811| 77’| 28'|21°°16 | 61-0 | -50186 /1| 5018476 —16| —258| +13| —121f —93| —6 '5018114' *6018117| 5018116
W 130078 2| D | II| 125283 125°216| 64'( 31 |280:75 | 43:0 | 5020035 ‘5020046 —15] —368] +21| — 87| —98) —6! -5019580| 5019585 ‘5019583
w 4. 7| 2| DI II| 126°520] 126° 110 61'] 23'121°°625| 48°25| 5019338’ '5019903] —11| —278] +15| — 28] —98| —6; 5019530 -5019530| 5019530
«w 13..| 4| 2| R 126:067| 125-865' 61’ | 23 (21°-975| 44-76] 5019910 5019941 —11{ —298| +19| — 52| —98( —6| -5019567| ‘5019557 ‘5019562
w 15.., 8| 2| R|1I 126-624| 126-010 66'| 27'({21°°7 | 4825 -5019822| -5019919| —13{ —283 +1b, — 41| —93| —6) 5019495 -5019540| '5019518
w 14.. 5| 3| D | II| 12808 | 127°60 b9 | 17/|22°°05 ; b1'7H] 019596 -5019670| — 9 —296| +12| — 23] —08| —6| °5019274] -5019278| 5019276
w 16.. 11| 3| D | II} 127°513] 127°60 | 70'| 29'|21°:3 | BO'b6 | ‘5O1YGE3| 5019685 —1b6] —265| +13| — 91 —93{ —6| -5019319| -5019318| 5019319
w 4.0 6| 8| R | Il 127°1371 126-938 70’ 20’ (22°°95 | 54°0 | °5019741| 5019772 —12/ —334; +10) — 60/ —93 —6| °-5019339| -5019337| 5019338
w 16..012| 3| R | II| 126°96 ‘ 127486 777} 26'|21°°83 | 49°6 | -5019769| -5019687) —16| —265| +14) —175, —83| —6| 5019321} 5019321 -5019321
Mean pendalm’ s o W00, . cierlen ot cee. BN18Y96G
Mean pendulam at VAR R Tty ) vatr ate 5155 & s *5015221
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Station—Doubtless Bay, N.Z.

PENDULUM OBSERVATIONS AND REDUCTIONS.

Observer—Orro Kuotz.

S0
COINCIDENCE g E D CORRECTIONS
INTERVAL. | ARC | 27 UNCORRECTED.|  (7ra DECIMAL PLACE). EESIGIACPRERO LD,
3 sz Ll A IS — i
& -]
Date. 2 t CHRONOMETER. ' 8 § CHRONOMETER. 8 RATE, CHRONOMETER.
5|0 g 2R ERE N
4121 681% 3 e . . B £ g @ Mean.
Z 18 | & | No.bl6 [No,48419| & | =z | EE | B | No. 516 [No. 48419 S 2 | < & | 8| No. 516 |No, 48419
g § ‘% | Bond. Dent. | £ | 8 fo g § Bond. Dent. 8 g g ] g 4 Bond. Dent.
| & & | gl& |8 ) & 4| &l a |8 a8
TRSRETR P ) Lox il Papdsa {2l vl LT T 0 L T Saaly valc
1908, 8. 8. mnm. 8. 8. 8. l 8. 8.
Dec. 22..| 3| 1| D! I | 15702 26148 | 78| 277121°9 | 60-75| '5015972| 5015680 —16/ —200| + 4| —605| —202| —5| 5015060, °B5015021| ‘5015042
o Bl 2} 1IRI T domod| 16216 | 02| 8 20065 S B0Iserd) “nolsded) —23) —a87) + 0) 60| —164) 5| -WISLI0 SOLG4 potberT
w o 23.. 3| DI 147°49 | 152°46 | 68’ 28[20°°4 | 52°'25 ‘HO17008| 5016452 —12 —227| +12| —605| — 71' —5| -5016171| -5H016149| *5016160
w 240 6] 3| R II| 14674 152-82 67'] 28’ 120°°85| 57 0 *5017098| ‘5016413] —12| —2256| <+ 7| —605| + Wl —b| -p016208| -5016238| 5016218
Mean pendulum, I, III........ ..... o RN, L e, S 5015631
Mean pendulum, I, III, at Washington .... ......... *5014933
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PENDULUM OBSERVATIONS AND REDUCTIONS.

egg "ON H3idVd 1VYNOISS3AS

Station- -Northwest River. Observer—L. B. STEWART.
COINCIDENCE PERIOD CORRECTIONS
INTERVAL. ARC. UNCORRECTED.| (7t DECIMAL PLACE). PERIOD CORRECTED.
& il
Date 2 CHRONOMETER. @ CHRONOMETER. g RATE, CHRONOMETER.,
- = S 5 8
S 18 =) 2 . e ———— B .
AL - Bl
gt :g £ | No.49950Dent. | & | F | 5 | § | No.4wioDemt. | 5| g | § Dent. No. 49950 Dent.
%8| & |4 E e | & | & <8 | &
1905. 8. I mm. 8, l 8.
Avg. 29.. 1| 1| D 231° 938 77°6| 9°'3 | 925 *5OL0R4G —48) +238| —30|  +174 5011180
v 290 2| 1| R 231'8 81°0| 70'"6( 9°°6 | 99°0 "5010R08 | —38, +2261 —36| 4174 5011134
PR R ) O B 208° 86°8| 762 9°°4 | 970 * 50121433 | —48| +234] —34 +174 5012664
w S0l el SRR 2035 89°1| 78°7| 9°°7 | 98-0 5012315 —~471 +222 --3b +177 5012632
w 0. 5| 8| D], 2064 57 | 77°6114°:23| 992 5012201 —44 +82 -84 + 180 *5012835
v 30. 6| 3| R|. 2053 86/°8| T7' 6 14° 90| Y82 5012207 | ~4b| +4 —338 +180 5012313
TS TR o to o] 1) NG IR S [P S S et L -5012043
Mean pendulum at Washington ... ..... .... ...... *5015221
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In the following abstract the computed g, has been obtained from Helmert’s
formula (5).
g. = 978:046 (1+ -005302 Sin’ qS -000007 Sin® 2 ¢)
The observed go is obtained from the observed periods compared with that at

Washington, g, = P” » Jw being taken at 980-098 dynes.
Difference from Mean Fendulum
. in 7th decimal.
Station,
No. 1. No. 2. 1 No. 3.
= > | ”*‘

WV ashatioton Tl e o i 2 vt e TR B el e +880 | —570 —309

A eyt O SR PN Rt S O, Errye o, S + 888 —578 —308

Otbawa) Lendl 0 nih s 5 2oy ok e S S T W= . +879 —578 | —321

A Eh A0 - ot el sl R AL L A { + 583 —576 | —289

Moutreal, 1.............. TR0 R e o Lo o B Al S 35 o) + 864 —563 | —301

T B G NI e e POl S | +872 —578 | —2m@

i T ST gt i 1 o SRS R TR B e e +873 —b76 | —311

J I B 1 N8 PR AR 0 g A B o Moo o oporrolg + 86D —528 | —324

Northwest RIVOE ot on Jos 330 000 oo smieloe fisss mrete g ool ol + 856 —605 | —281

BIGHEA ... yir pie e sR B okl | 4877 572 | —304
— L x
Station. Latitude. Longitude. IEleva.tiou. Con;];:‘uted [ Ob?‘:‘ed | Go—ge
Washington........ .. .... é £ 37 | 77° 017 | 10™ 020°083 | 90098 + 015
Ottawa.... .... oSO el n 2 75 42 73 4$80°670 480 693 | —-077
Montreal.... .. . 73 31 | 40 980°678 | 980°638 | —:040
Toronto 79 24 | 106 a8u-511 980 433 | — 078
Suva... .. ..o 178 26K 2 578947 978 624 +-077
Doubtless Bay 173 29E 7 979745 979°825 | 4080
Northwest River. , 31 31 60 10 2 481-393 981-3i1 | —-052

SEISMOLOGY.

The last quarter of a century stands out pre-eminently as the most marked in
seismic disturbances of which we have any historic record. It began with that cata-
clysmic explosion of Krakatoa in 1883, noted for the red sun-sets that followed for
the next two years, due to the suspended dust in the upper regions of the atmosphere.
Of the more important disturbances we may mention those of Ischia near Naples;
Charleston, South Carolina; Tarawera, New Zealand; the calamitous Mino-Owari
earthquake in 1891, in Japan, when more than 20,000 lives were lost; Saint Pierre in
the West Indies; Formosa; Vesuvius; the Alaska upheavel in 1899; the great
Indian earthquake at Kangra in 1905 which cost close on 20,000 lives; and the recent
destructive quakes at San Francisco, Valparaiso, Kingston (Jamaica) and Chilpan-
cingo (Mexico). Tt is estimated that the total loss of life from these disturbances is at
least 150,000.

The great Mino-Owari earthquake was the immediate reason for the birth of the
Earthquake Investigation Committee, which has since then contributed so much by its
‘ Publications’ to the study of earthquakes. ¥ive years later the British Association
for the Advancement of Science, through the indefatigable labours of the eminent
seismologist, Professor John Milne, formed a Seismological committee; and now
through the destructive earthquake in San Franciseo the American Association for
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the Advancement of Science has formed a committee on Seismology of 15 members,
of whom the writer is one.

Some of the objects in view in forming the Committee on Seismology in America
are as follows:—

1. To be available for, and to initiate counsel in connection with legislation
which provides for investigations of earthquakes or the means of investigating their
dangers.

2. To bring into harmony all American and Canadian institutions doing seis-
mological work, and to guard against unnecessary duplication of studies.

3. To organize, if thought best, a correlated system of earthquake statioms,
which should include the outlying possessions and protectorates.

4, To advise regarding the best type or types of seismometers for the correlated
stations. ¢

5. To disseminate information regarding construction suited to earthquake
districts.

6. To collect data regarding the light as well as the heavy shocks, and to put the
results upon record.

7. To start investigations upon large problems of seismology.

8. To advise with some weight of authority where catastrophic earthquakes have
wrought national calamity.

Since its appointment the Committee has held one meeting and amongst the
important resolutions may be mentioned, ¢ that the time has come to ask the support of
the federal government for seismological work.’

The scope of the committee will in course of time broaden and many questions not
only of scientific but of immediate practical importance will be taken up. It will
undoubtedly fall to the lot of this newer science of seismology to answer unsolved
questions in astronomy, geodesy, geology and meteorology pertaining to the physics
of the earth. The field is large, but most promising for cultivation.

The most important organization for the study of seismology is the ¢ Interna-
tional Seismologieal Association,” which will hold its second conference next September
at the Hague.

Practically every civilized country in the world has joined the association and
appointed a representative for the quadrennial meetings, showing that the study of
seismology is not confined to countries that are notably subject to more or less
destructive earthquakes, but the subject is recognized as one of grave importance and
for its full development and evaluation, co-operation is necessary. The more widely
stations are distributed over the world and records obtained, the more readily will the
true nature of earthquake waves with the accompanying phenomena producing them,
be determined. Although the study is that of earthquakes, yet it involves and
embraces much besides, which is of the greatest interest to all countries, irrespective
of their susceptibility to quakes or not.

In the pursuit of knowledge for the amelioration of mankind, science knows
neither political nor geographical boundaries.

The seismograph at Ottawa has been in continuous operation, with slight inter-
ruptions due to repair of the clock work of the registering apparatus, and the study
of the instrument and seismograms have received considerable attention.

An investigation has been begun with reference to the behaviour of the
horizontal pendulum, when compared with the fluctuation of pressure on the
earth’s surface due to barometric changes. This is a very involved problem, for
results obtained for a given change of atmospheric pressure at one place does mot
necessarily produce the same effect upon a similarly sensitive pendulum at another
place, for the reason that the coefficient of elasticity of the immediatn earth’s rrust
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may be not the same for the two places. The series is not as yet sufficiently extended
to enable definite conclusions to be drawn.

The method of investigation may be briefly outlined. Every morning during
the interval of taking off and putting on a fresh sheet the position of the images
of the two pendulum mirrors is taken by means of a millimetre scale, read to
tenths, and referred to the south solid brick wall of the seismograph room, and
immediately opposite the slit of the registering apparatus. That is, the position and
change of the zero point are daily measured. This is in the first place, on the supposi-
tion that the change is due to the tilting of the pier. The angular movement of the
wall from which the measurements are made is subject of course to the same move-
ment as the pier from bending of the earth’s crust, and therefore shows no relative
displacement, whatever the bending. However as the image is magnified 120 times,
and its movement is confined to individual millimetres, the movement of the wall in
comparison with it is evanescent.

These movements in linear measure are then converted into are by the formula

aD .
B= 2ngt Sin 17

where ¢ = period of pendulum (one-half complete vibration).

= gravity.
D = linear displacement.
2 n = magnification.

Assigning values in the above we find B="-2122 D.

Estimating measurements to tenths of a millimetre, it will be seen then an inclina-
tion of about one-fiftieth of a second of arc can be read, which is equivalent to a grade
of one foot in 2,000 miles.

We obtain therefore the apparent tilting in the planes normal respectively to the
two pendulums, i.e., in the meridian and in the prime vertical, and by composition
the resultant of the two, that is, the actual direction as well as the magnitude of
tilting.

From the daily weather maps issued by the Meteorological service, Toronto,
are obtained the isobars, or lines of equal barometric pressure, drawn at intervals of
one-tenth inch difference of pressure. For our immediate purpose the two isobars
between which Ottawsa falls, are examined in order to obtain the pressure gradient
and direction, the latter being normal to the two isobars. The closer the isobars are
together, the steeper will be the gradient and the greater will be the apparent tilting
of the pier, being in the direction of the normal to the two isobars which passes
through Ottawa. The pier will tend to incline from an area of ‘low’ barometer to
the area of ‘high’ barometer. It may be remarked that a difference of pressure of
one millimetre is equivalent to a load of 13,600,000 kg. on a square kilometre, and that
a change of 15 millimetres within the 24 hours has on more than one occasion been
experienced here. This latter change of pressure is equivalent to 600,000 tons per
square mile. By the investigations of Professor (now Sir) G. H. Darwin* ‘On
variations in the vertical due to elasticity of the earth’s surface,’ some very interest-
ing results were obtained with reference to the amount of distortion to which the
upper strata of the earth’s mass are subjected, when a wave of barometric depression
or elevation passes over the surface. He showed a very remarkable relation to exist
between the slope of the surface of an elastic horizontal plane and the deflection of
the plumb-line caused by the direct attraction of the weight producing the slope, and
this relation is expressed by the ratio 2 to ;—a 8 in which g is gravity, v is modulus of
rigidity, o is the earth’s radius, and § is the earth’s mean density. ‘This ratio is

* Philosophical Magazine, vol. 14, Fifth series, p. 409.
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independent of the wave-length of the undulating surface, of the position of the origin,
and of the azimuth in the plane of the line normal to the ridges and valleys. There-
fore the relation is true of any combination whatever of harmonic undulations; and as
any inequalities may be built up of harmonic undulations, it is generally true of
inequalities of any shape whatever.

If we take the barometric range at five centimetres, about two inches, we have a
difference of pressure on every square yard of nearly 1,300 pounds, or over half a ton.
Darwin in order to obtain a numerical value for his deduced equations for slope and
attraction assumed the rocks as one-quarter as stiff again as the stiffest glass, that is,
the rigidity of glass in gravitation units as 8 x 10°, for the range of pressure.2-5 centi-
metres on each side of the mean. With this assumption he finds the minimum
apparent deflection of the plumb-line, consequent on the elastic compression of the
earth to amount to 7-0117, and this is augmented to ”-0146 when the true deflection
due to the attraction of the air is added. So that the whole range of the deflection
between high pressure and low pressure would be 7:0292; and furthermore, that
the ground is nine centimetres higher under the barometric depression than under
the elevation, that is when the barometer is very high we are at least three inches
nearer the earth’s centre than when it is very low.

Darwin concludes his article, ‘If barometric pressure, tidal pressure, and the
direct action of the sun and moon combined together to make apparent slope in one
direction, then, at an observatory remote from the sea-shore, that slope might perhaps
amount to a quarter of a second of are. . . . . I venture to predict that at some
future time practical astronomers will no longer be content to eliminate variations of
level merely by taking means of results, but will regard corrections derived from a
special instrument as necessary to each astronomical observation.’

It has been shown that with the present adjustment of the instrument, and it is
near its limit of sensitiveness the smallest reading that can be made with any degree of
certainty is ”7-0212 which is but slightiy less than Darwin’s maximum value.

As Darwin’s assumed values can suffer but little change, it will be seen that
the investigation presents great difficulty for showing clearly the relationship
between barometric gradients and oscillations of the pendulum zero, for other factors
are involved too. However, the series of observations when sufficiently extended will
undoubtedly disclose the cause of the fluctuation or deviation from the vertical.

In tabulating the occurrencs of earthquakes during the various imonths of the
year it is found that there is a marked predominance for the colder season of the year.
Long observations and investigations have established a relationship between earth-
quakes and atmospheric conditions, not, however, in the sense in which it was held by
the ancients, that is, that earthquakes produced meteorological phenomena, such as
storm, hail, rain, cold, heat—in fact the whole gamut of weather. The relationship
is, however, just the reverse of that attributed by the old philosophers. The predomin-
ance that has been found for the colder season is not attributable, however, to atmos-
pheric temperature, this is a mere co-incidence, but during that period of the year
the barometric gradients are in general greater than at other times, and thereby in a
secondary manner act as ‘the last straw to break the camel’s back.’ That is, as
stresses are ever existant in the crust of the earth, increasing towards the limit of
elasticity or resistance, the differential loading of the surface of the earth into those
areas subject to quakes and which are intersected by regional geological faults or
planes of weakness, may set the fuse to bring about the downfall, or adjustment to
temporary equilibrium,—an earthquake takes place.

Although the stress produced by atmospheric loading is very small compared with
the tectonic stresses set up within the crust by other causes, it is evident that if a
steep barometric gradient passes over a line or plane of weakness in a part of the crust
under great tension or stress approaching rupture, that the rupture will be accelerated
by such atmospheric conditions.
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In a great earthquake if the surface shows no marked manifestations of rifts, of
torn ground, it seems to indicate that the hypocentre was very deep beneath the surface.
The various influences that may be considered as affecting the vertical or the slow
movement of the pendulum are atmospheric pressure; atmospheric attraction;
deformation of the surface by lunar and solar attractions; direct effect of lunar and
solar attractions; deformation of the surface by solar radiation and by constant
tectonic movements or strains; change of temperature of the apparatus; and irregular
strains in the pier itself. As will be seen, some of these influences are periodic. The
maximum horizontal force due to the moon deflects the vertical 7-0174, and that due
to the sun ”-0074. The effective force varies with the zenith distance and azimuth
of the attracting body, and as the two pendulums are mounted respectively in the
meridian and prime vertical each requires its own reduction for eliminating the effect
of the disturbing influences. Ehlert records* a change of level for the horizontal
pendulum of 27 during three and one-half days, this being an abnormal fluctuation.
For the month May 10—June 10, 1907, the horizontal pendulum here showed a mean
daily change of the vertical of 07-36 and 0”-84, the former for the E—W. pendulum
and the latter for the N.—S. one. Ehlert found from observations at Strassburg that
the mean diurnal fluctuation of the ground due to the heat of the sun expanding the
surface of the earth, the hemisphere turned towards the sun suffering ellipsoidal
distortion amounted to 7-112, being of course greater in summer (”-208) with clearer
gky and longer sunshine than in winter (”7-016). As the pendulum pier at Strassburg
is 5 metres beneath the surface, A. Schmidt, quoted by Sieberg,t has raised doubts
about the above values, maintaining that the daily variation of temperature is con-
fined to about 1 metre depth of soil, and certainly does not extend to a depth of 5
metres. The pendulum pier here is at a depth of 3 metres beneath the surface of the
soil. E. V. Reubur-Paschwitz noted at Wilhelmshavent a marked movement of the
pendulum synchronizing with the varying height of the barometer. It corresponded to
a deviation of the vertical of ”-29 for a change of 1 millimetre in the height of the
barometer. This extraordinary fluctuation was attributed to the marshy spongy nature
of the environment.

The later and extended observations of v. Paschwitz at Strassburg make the
deflection of the effect of barometric pressure on the pendulums there uncertain. It
undoubtedly exists, it is a question of measurement and subsequent elimination of the
other disturbing influences.

It is found that about 1 p.m. throughout the year the periodic deviation of the
pendulum is practieally zero,§ so that readings at this time are best adapted for the
determination of the irregular movements. During a period of ten and a half months
the Strassburg || pendulum slowly moved from +12” to — 130” or a total of 142”.
During the same period the change of nadir was only 25”. The curve for the latter
followed closely that of the temperature of the cellar while the curve for the pendulum
does not synchronize with that for temperature. The relative humidity of the base-
ment does not appear to influence the pendulum.

In the accompanying table I, is shown the daily movement of each pendulum and
the deduced apparent tilting of the pier in magnitude and direction since the begin-
ning of the investigation. Plates 1 and 2 show graphically this movement. Plate 3
shows the relative humidity, which is markedly higher during that part of the year
when the basement and building are not artificially heated.

* Beitrige Zur Gegqphysik IV. p. 70.

+ Beitriage Zur Geophysik II., p. 334.

t Handbuch der Erdbebenkunde p. 197.
§ Beitrage Zur Geophysik IL p. 329.

{| Thid p. 848.
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TaBrLe 1.
DAILY CHANGE OF PENDULUM ZERO. ‘%= F 1§:=_
=4 = —
CHANGE 8 CHANGE B

DATE. | Darte. e _—
N—S | E—W | Apparent | N—8 E—W  Apparent.

component. | component. |tiltingof pier component. | cotmponent. |tiltingof pier

1907 n " ” ] 1907- ” n ”

Mar. 7-8..0 + ‘21 + 21 SW 30 | May 34..f — °30 — 36 NE 47
" 89..| + ‘53 + 32 SW 62 | « 45 | — ‘1l — 11 NE 15
w 911..[ + 33 + 11 SW 54| « 5-6 — a9 + Bl NW -60
w 1113..] — 106 | + 21 NWi108 || » 6-7..] — ‘30 — ‘19 | NE -8
w 1314.. — 74 { + ‘64 | NW 98! « 78.4 + 49 | — 23 | SH ‘54
w 1415, — 9% + 85 NW 1-27 " 8-9 =5 T — 08 NE 58
w 1516..| — ‘21 + 74 NW 77 | » 910 — 81 — 3% NE -89
w 16-18..] — 3:92 N 392 | o 1011 = 85 -+ *49 sSw 98
w 1819..f — -39 + 170 NwW 174 w 11.12 — 25 4+ 13 | NW '28
o 19-20..| — ‘04 4+ 48 NW ‘48 . ER19,T] — 51 e 55 | NW ‘75
w 20211 — 53 | — 169 | NE 167 | « 13.14.. + 46 | — 97 | SE 107
w 2122, — 83 + 244 NwW249 | » 1415..f + 06 — 86 SE 36
w 2223 .| — 48 + 74 NW -88 w 15-16..] + -3t — 60 SE 69
w 2325..| — 1'64 + 159 NwW228!| « 1617..0 — <51 — 38 NE -63
n 2526..] - 1'33 + 57 NW 145 w 17-18..] — ‘68 o BB N
v 2627..] — 135 + 80 NW 1-57 w 1819..% — -0% — 8 | NE -09
w 27-28..) — 23 ~— 57 NE 61 L w 1920, — ‘15 — 06 | NE ‘18
w 2829..] — 42 + 1°00 NwW108 w 2021..] — 121 — 30 | NE 1'%
n 29-30..] — 87 + 17 NwW -88 w2122 + 91 — 08 SE 91
w 303l..] — 08 + 119 L NW119 | » 2223 + 11 |.— ‘19 | SE 22
w 811..) — 21 + 55 NW 59 v 23-24 — 08 — 28 | NE 29
April 1.2..f — 99 S 66 NwW 119 w 24-25 — b7 ‘090 | N 57
w 23..} — 32 + 57 NW 65 n 25-26 — 28 00 N 28
" 34..{ — 21 + 13 NW -2 o« 26-27 — 30 — 40 NE 50
" 45..0 + 34 + 34 SW 48 w 27-28 + 2 — 1'76 | SE 1-78
" 56.. + 64 + 68 SW 93 w 2829, — 44 — Xl [ NEL, 40
" 67..1 + ‘21 + 95 SW 97 w  29-30 + 62 — 17 S 64
" 7-8.. — -89 — 15 NE 90 « 3031.. + 34 — -36 SE 49
n 89. + 2091 + 34 SW 45 w 31,0 — 15 — 40 | NE 43
w 910,01 — 114 — 104 NE 1'5¢ ||June 1-2.. + 32 — 80 | SE -4
w 10-11 00 + 19 Wi 5 " 23..4 — °40 ‘00 | N 40
w 1L12..) + 102 + 176 SW 2:03 " 3-4..| — -3 — 19 NE -41
n 12-13 — 02 + 44 NW -4 " 45..f — -08 — 21 NE 22
n 13-14 — ‘68 + 06 NW -68 " 56..) — 57 — 89 NE 1 05
n 14156 — 60 + 42 Nw 73 n 6-7..| — 62 =— 1R ] NE ‘62
v 15-16 — 87 + 25 NW -90 " 7-8..| — 06 — N1k NE 2
w 16-17 — 25 + 17 NW -30 .. 89..f — ‘08 — 11 NE 14
w 17-18 — 51 + 28 NW -58 v 910..] — ‘49 — 53 NE -72
v 18-19 — 44 + 83 NW 94 w 1011 + ‘23 — 02 SE 23
w 19-20 = 60 + 64 NW &8 w 11-12 — ‘17 == 51 NE -b53
" n 1213 + 13 + 30 SwW 33
1" w 1314 + ‘19 =— 70 SE 73
" 4 w 14-15 + 4] == 38 SE 45
w 2324 — 04 — "1 NE 12 w 15-16 — 02 — 62 NE -62
w2425 — 15 — 2 NE 27 {{-» 1617 — °bb — 17 NE 57
n 25.26 = 15 = -36 NE -39 w 17-18 e 55 — 1:66 NE 175
n 26-27 — 62 + 06 NW -62 v 1819.. + 17 + 1-38 SW 1-39
w 2728 — 28 — 34 NE -4 w 1920..] — 25 + 30 NwW -39
w 2829.. + 34 — 36 SE 49 v 2021..| + 34 — 02 SE 34
n 2930..] — 19 — B3 NE 56 n 21-22..| + 06 + 08 SwW ‘10
v 302..1 + ‘19 + 16 SW 4 n 2223..| — 32 — 70 NE 77
May 23.., — ‘08 + 25 NW -26 n 23-24..] — b5 — 11 NE ‘56

The atmospheric pressure over a portion of the surface of the earth may be
represented as a meniscus resting on the earth and whose dimensions are determined
by the isobars. This meniscus or cap with ever varying form sl‘des over the earth
like a heavy weight, deforming the surface. If we imagine the surface studded with
vertical rods, these, as the meniscus moves along, will always be inclined towards the
summit of the cap. For our geographical position the path of the meniscus is from

25a—3
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the northwest and thence down the valley of the St. Lawrence, so that we must expect
to find the prepondering swaying at Oitawa to be in our east-west direction, and mani-
fested more by the north-south pendulum than by the one in the prime vertical.
Beside these slow movements of the pendulums that have been considered there are
others, spoken of as microseismic to distinguish from the macroseimic or those from
actual earthquakes. It appears that pulsations are set up in the earth, just how is
not yet clearly established, and these are communicated to the pendulum. Were it
possible to disentangle the movement of the pendulum itself, the pulsations of the
earth would be much simplified. The pendulum for no length of time remains a steady
point, but instead is set oscillating by the pulsations. The period of the pulsations
may be very long, 2005, but generally is very much less. The pendulum is the more
readily set in vibration when the period of the oscillation corresponds to or is a
multiple of the period of the pendulum. Professor Milne concludes from his observa-
tions that the oscillations may be and are in certain cases produced by steep barometric
gradients and by winds. A very satisfactory proof of this is our barograph record and
the seismogram of June 18, last. At 3.50 p.m. on that day the barograph rose abruptly
from 755™™ to 756-2™® only to drop again to its former reading, repeating this zigzag
movement during fully four hours, recording five maxima, and five minima with a
difference of about a millimetre in that interval. It may be remarked that a high
¢ gusty > wind was noted that afternoon before the records of the barograph or seismo-
graph were known. Apparently at the same moment, as closely as one can read the
time scale on the barograms, both pendulums—the E—W one particularly—began
recording earth tremors in pulsations. The displacement of the pendulum as shown
in the seismogram was fully a millimetre (magnification 120), but the line traced was
very irregular, and was in keeping with the ‘puffy,’ ‘gusty’ wind and the jerky
behaviour of the barograph. The bottom of the pier, resting on boulder clay and
supporting the seismograph, is very nearly 3 metres beneath the outside surface, so
that the wind was very effective at this depth. Dependent upon the nature of the soil,
it has been found for sandy ground that even at a depth of 25™, the wind-effect was
reduced only one-half of that for the immediate surface. In the case cited above for
June 18, the seismogram was undoubtedly a direct and almost instantaneous response
to the fitful barometric gradient and its concomitant wind, and the pendulums were
not set swinging, responding to vibrations set up in the earth’s crust by friction of a
steady wind as is maintained by some as mecessary. Oscillations produced by this
latter means would undoubtedly show rhythm which is absent in our case.
Then we have oscillations set up by internal stresses. They come and go quite
. independent of atmospheric conditions or cosmic influences. The pulsations and
records are generally the most uniform seismograms obtained. They may last for a
short time, or for hours or days. Earth tremors or oscillatory pulsations as interpreted
on our seismograms appear to be fitful impulses, which set the pendulums swinging
uniformly for a minute or so, with an amplitude of less than a millimetre (120 magni-
fication), then the oscillation dies down, interference is noticed changing the uniformly
serrated record, to be followed again by half a dozen or more uniform swings. It
will be hence noted that in these earth pulsations the pendulum does not act as a
steady point at all. When we come to look at the record for a macroseism or earth-
quake, the apparent behaviour of the pendulum is different. Beginning with the
¢ preliminary tremor ’ the pendulum bob apparently does not respond to the movements
of the earth but acts as a ¢steady point’ or fairly so; when, however, we come to the
principal portion with the more or less violent oscillations we find practically the period
to be that of the pendulum with oceasional or frequent interference phenomena, by
which the pendulum is momentarily stopped and the direction of swing at the time
reversed.
It must be borne in mind that the period of the pendulum is about 5-7% and as
that value is near that of predominating periods of earthquake waves, there is
difficulty in separating or distinguishing the two on the seismograms. With the
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earth pulsations or microseisms we have a more or less:continuous adjustment towards
equilibrium, until the earth settles down for a time to a quiescent state. Earth
tremors may be looked upon, however, as a manifestation of the normal condition of
the earth’s crust, which must necessarily be subject to strains and stresses. It is not to
be expected that an instrument can be devised that will faithfully record only the
movements of the earth particles and not the movements of the apparatus also.

On account of the small movement in the first preliminary tremors, the Bosch
photographic seismograph, with light steady mass and high magnification, is well
adapted to record them.

The hieroglyphics drawn by the seismograph have not yet been fully read; they
await the finding of their Rosetta stone. E

The earth tremors are frequently the precursors for hours of an earthquake, e.g.,
that of San Francisco and of Mexico (April 15, 1907), at other times no disturbance
is noticed until the earthquake shock arrives.

From a seismogram we may (not always) obtain the movement of the earth-
particle, that is, its amplitude @, (half-range) and period #, then on the assumption of

2 :
simple harmonic motion, we have for the maximum velt:eity v :a, and if f = the
v 4 4
maximum acceleration per second per second f = — = 1;,“ . The maximum
a

acceleration is proportional directly to the amplitude and inversely to the square of
the period. The amplitude is measured in millimetres and the time in seconds. For
earth tremors o is a very small fraction of a millimetre and ¢ generally more than 5
seconds, so that the value of v is less than a hundredth of a millimetre per second, for
a=-01mm { — 10% and the maximum acceleration is correspondingly small, a thoroughly
evanescent quantity as far as the effect on objects is concerned. Even the records of
severe distant earthquakes show a very small acceleration, say a millimetre per second
per second.

If V is the speed of propagation, and X the length of the wave, then A = V¥, £ being
the time of period of oscillation of the earth particle, which is the time interval also
from crest to crest of the wave. 2]

V the velocity of propagation is dependent upon the medium transmitting the
oscillations—its co-efficient of elasticity and of rigidity.

The expression for V is, V = \/ %, where F is the elasticity of the medium and

p its density. This applies to a longitudinal wave in a homogeneous medium.

To give an example for the latter, Adams* gives the value of B for plate-glass as
7-24 x 101, and for diabase 9-49 x 10" in C. G. S. units. Taking this latter value and
the mean density as 2-57 we find V =6-08"™ per second or 365 per minute
which is about two-thirds of the velocity of the first preliminary tremors of the San
Francisco earthquake of last year (April 18).

The elasticity required to give the observed velocity would hence be 22 x 104,
which is the modulus for steel. If the density were increased we would obtain a still
greater value for E.

Professor E. Oddone has deduced from some large quakes (Balkans, San Fran-
cisco, Valpariso) that the time of diametral passage through the earth of the first
preliminary tremors, longitudinal waves, is 16-5™. Then taking the mean density of
the earth as 5-6 he obtains for E 85 x 10! which indicates a rigidity ¢ quatre fois plus
rigide que le fer, et sept fois circa plus rigide, que les plus rigide roches
archaiques’t We see therefore that the resistance to compression of the matter
of the earth is far in excess of that of any known material of the surface of
the earth. Although the direction of the path of the various vibrations is not accu-

* Elastic Constants of Rocks, p. 69.
} Quelques constantes eismiques trouvées par les macrosismes, p. 25
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rately known, i.e, whether fhe pulsations travel along chords, circular arcs or
other curves, data necessary for getting accurate velocity determinations, nevertheless
seismology has definitely settled the question of the nature of the interior of the
earth as to solidity or otherwise. Not only has solidity been established, but also a
fair measure of its rigidity.

Oddone draws attention to a curious coincidence between the time of propagation
of a longitudinal wave along a diameter of the earth and the time of a light wave to
cross the earth’s orbit, each being approximately 16.7miz

Oddone rounds off the figure to 17® == 1™, and takes it as the constant for longi-
Tudinal waves through the earth. He designates it by the letter P, in honour of the
President (Prof. Palazzo) of the International Seismological Association.

In a recent paper* by Professor A. E. H. Love on ‘ The Gravitational Stability
of the Earth’ he says: ‘The elastic constants of the earth, in its present state,
can be estimated from the observed velocities of propagation of the three types
of waves which are transmitted when a great earthquake takes place. There are two
sets of preliminary tremors propagated directly through the earth with nearly constant
velocities of about 10 kilometres per second and 5 kilometres per second, and a main
shock propagated over the surface with a velocity of about 3 kilometres. per second.
The two sets of tremors have been identified with waves of dilatation and distortion, and
the main shock with superficial waves of the type first investigated by Lord Rayleigh.
In the present paper reason is given for thinking that the manner of propagation is
not much affected by gravitation and initial stress, and thus the observed values of the
velocities of propagation of earthquake tremors and shocks would yield (1) for the
seismic effective modulus of compression of the earth as a whole the value 36-9 x 104
dynes per square centimetre; (2) for the seismic effective rigidity of the earth as a
whole the value 13-8 x 101! dynes per square centimetre; (8) for the seismic effective
rigidity of surface rocks a value approximately equal to 6 x 10" dynes per square
centimetre,’ ,

It is evident that seismograms contain the story, however involved, of the earth-
wave; whence it came, its vicissitudes en roufe, passing through different media of
different densities, being reflected and refracted, encountering in the upper part of the
crust geological dislocations, faults and dikes, each having its effect upon the veloeity,
acceleration and destructive force. Professor A. E. H. Love in his presidential address
recently before section A, British Association for the Advancement of Science, says:
‘If we knew the distribution of density of the matter within the earth it would be a
mathematical problem to determine the form of the geoid, 4.e., of the equipotential
surface of the earth.” There is no doubt but that the seismogram bears a message on
this subject. With the accumulation of seismograms from many and widely distributed
stations and their collective study and analysis, there can be no doubt that the interior
of the earth must yield up its secrets, and the seismologist will be able to furnish data
of the greatest value for which scientists have hitherto groped in vain.

In the accompanying diagram, Plate IV., is shown the effect of air-damping on
the amplitude of the oscillations. The record was obtained by giving each pendulum
a slight tap with a lead pencil. It may be stated that a fresh electric candle (32 c.p.)
was put into the lamp in order to obtain a good impression for the rapid motion of
the light spot. The curve is exponential, and the ordinate is a function of the time.

The relationship between any two complete amplitudes is el f~ where f

n
is the factor of diminution in amplitude for successive oscillations, i.e., for equal
increments of time, or the period of the pendulum comprising the two oscillations.
f may be expressed as equal to ¥, where e = 2:71828, the base of the Napierian or
matural logarithms, and k is designated the logarithmie decrement.

* Proceedings Royal Society, vol. 79, p. 194
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Taking linear measures from the (enlarged) diagram for values of y, we find f for
the E-W pendulum to be 1-31, and hence k = -27; while for the N-S pendulum the
corresponding values are 1-22 and -20. The damping in the small air-chambers, with
the moveable sides, of the two pendulums was not quite the same.

If we put T for observed period of the pendulum, and  for the time in which the

I m
amplitude has decreased the ¢ part, then evidently f=e¢ ™ or %-:nat. log /.

Taking linear measures again, and taking the mean value for independent
determinations of r, we obtain its value for the E-W pendulum to be 10-6%, and for
the N-S pendulum 14-5s.

This is the damping when the instrument was set up, but it is intended by some
means to increase the same.

The following are the principal earthquakes recorded since the beginning of the
year. Unfortunately the first one, that in January at Kingston, Jamaica, has no
time scale, from failure of the relay which works the shutter. This was only noticed
when the sheet was developed. The two following days, January 15 and 16, showed
much unrest of the earth on the seismogram, especially on the latter day.

The next earthquake of consequence was that on the Pacific coast of Mexico, by
which several towns were destroyed on the morning of April 15. The pulsations as
shown on the seismogram were more intense than those for the destructive earthquake
at Kingston.

The following is the record :—

N-S Component. E-W. Component.
m. s. h. m. s
15 04 1 15 03
19 26 1 19 30

First preliminary tremors began.. .. .. ..
Second preliminary tremors began... .. ..

00 =t e P

Principal portion began.. .. o3l 100 e 27T 20 ik
Principal portion ended.. .. .. .. .. 43 1 43
End of earthquake.. .. .. . 01 3 09

(The amplitudes gradually decreased into irregular wavy lines and merged into
¢ sawtooth ’> tremors, which lasted for some hours.)

Mgzt tamplrtader, 58 Sl st R e R0l s 14mm.
P oano T pengafumees ' VS Sl sl s s e LRAR 5-7¢
DT TG ETE O o Lo e DO SN B, | F R R 1 120

The time scale iz direct from the standard mean time clock, 75° meridian and
requires no correction.

The following is the record of the earthquake in Ecuador on the morning of
June 1, 1907 :—

For hours before the quake was registered, the earth was in a state of unrest and
the seismogram for both pendulums shows the characteristic regular °sawtooth’
pulsations, amplitude -2%%2 to -832™ (magnif. 120).

These tremors were replaced on the N-S component (E-W péndulum) by more
or less irregular movements, amplitude 1™®, beginning at 3t 48™ 445, while for the
other pendulum the tremors continued, showing absolutely no movement correspond-
ing to the preceding time, until 8 55 145, when an abrupt movement, amplitude
2-52m {ook place, the other pendulum showing a marked increase in amplitude,
1.5mm gf 8h 55m 905. The amplitudes thereafter for both decreased irregularly until
at 3t 58" 56°, the N-S pendulum increased to 2-52™ and the other to 1-5™2, which
neither exceeded thereafter. The last large oscillations occurred for the E-W pendulum
between 4" 11™ and 4 12™, and for the N-S pendulum between 4 10™ and 4® 11™, The
quake continued till 4* 30™ showing as an irregular wavy line, when the tremors
similar to those preceding the quake manifested themselves for many hours.

* Photo record too faint.
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As far as can be gathered from the press reports of the time, it appears that the
epicentre was about due south of Ottawa. If the horizontal movement of the pier is
in the plane of the great circle between the epicentre or hypocentre and here, then the
preliminary tremors coming through the earth would not disturb the pier relative to
tbe N-S pendulum, which records essentially an E-W motion, the pendulum would
be hit end-on. On the other hand the E-W pendulum, giving N-S component would
have its maximum effect.

Although it is considered that the seismogram reveals but little of the direction
of the epicentre from the place of observation, giving instead the direction of the end
or last part of the impulse, yet the above record would seem to show clearly that the
first preliminary tremors, longitudinal waves, arrived in the direction of the epicentre
from here. Furthermore it is to be noted that when the N-S pendulum did move, it
did so abruptly and with an amplitude as large as was recorded during the whole
quake. Such an abrupt movement required essentially an east and west oscillation of
the earth particles, transverse waves in this case. This movement agrees too with the
record of the E-W pendulum, whose amplitude for that time is only about one-half
that of the other pendulum. The E-W pendulum recorded the quake for about 10
minutes longer than the N-S pendulum did (which had lapsed into the tremor stage)
indieating that as the first movements of the quake were north-south, so the last move-
ments were.

Professor Marvin* noted a similar condition for the Washington seismogram
of the Kingston, Jamaiea, quake of January 14, 1907.

Knowing the position of the epicentre, that is, its distance from Ottawa, Laska’s
empirical expression for the relation between the various phases and distance does
not appear to apply in this case very satisfactorily, at least not for the ‘principal
portion.

We may take the distance as 8,400 miles, say 5440™, this would require an
interval between the first and second preliminary tremors of 6-46m. If we recognize
the first movement of the N-S pendulum as the beginning of the second preliminary
tremors, in which case we must admit that the second preliminary tremors are trans-
verse and not longitudinal waves like those of the first preliminary tremors, then the
interval between the first and second as found on the seismogram is 6™ 80° or 6-5@,
which is in close accord with the above empirical or theoretical 6-45™. Correspond-
ingly we should find the ¢ principal portion’ to begin 16-3™ after the first preliminary,
that is, at 48 05m 025. Examining the diagram there is nothing thereabout to show
the beginning of the ¢ principal portion’ with a rapidly increasing amplitude. -

The next earthquake to be recorded was on the morning of June 13, 1907. On
the following day the press reported an earthquake of the preceding day at Kingston,
Jamaica, at 1.20 a.m., which ¢was especially severe at Port Royal, destroying the
walls of the temporary buildings under construction,” also ‘a severe earthquake was
experienced yesterday at Valdivia, Chile. Several buildings and the railroad bridges
were destroyed, and five persons were killed.”

If the above time for Kingston is correct we have evidently no record for that
earthquake.

The seismogram of the 13th June shows somewhat the characteristics of the one
just described for Ecuador. \

Both Kingston and Valdivia are nearly due south of Ottawa, the former being
about a degree west and the latter a little over two degrees east of our meridian. In
distance, however, there is a great difference while the former is about 1,900 miles
(3,000 km.), the latter is nearly 5,900 miles (9,400 km,) distant. Hence the phases
of the quake should determine which earthquake was recorded. The earth was com-
paratively quiet preceding the quake, there were very few ¢ sawtooth ’ tremors recorded
in the preceding hours, and those that were, were very minute, scarcely readable.

* Monthly Weather Review, Jan. 1907.
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The E-W pendulum showed the first preliminary tremor at 4" 30™ 465, ampli-
tude -T™m, At that same moment the N-S pendulum showed a minute disturb-
ance, like an earth tremor, and this continued till at 42 41m 04® a decided movement,
amplitude 1-5™, was recorded. The E-W pendulum after the first preliminary tremor
showed little movement until at 42 412 00° it too recorded a decided deflection,
amplitude 3®®. The amplitudes of both slowly decreased till 5 19 when the traces
were practically straight lines. Recognizing then the second disturbance as that of
the ‘second preliminary’ we have for interval from the first 10™ 189 this would
indicate a distance from the epicentre of 9,300 km., whereas our assumed distance is
9,400 km., a close and satisfactory agreement. The beginning of the principal
portion’ should occur 27-9™ after the first preliminary, but in this case too, there are
no marked oscillations corresponding to this time or near it. By a coincidence the
interval of 10™ 18® is approximately that between the first preliminary tremors and the
beginning of the ¢ principal portion’ for the distance of Kingston, and at the same
time that between the first and second preliminary tremors for the distance of Valdivia.

TERRESTRIAL MAGNETISM.

Declination was generally obtained by means of a magnetic needle supported on
a pivot and the whole attached to a transit by means of which the direction of frue
north was obtained. Both inclination or dip and intensity or total force were obisined
with the dip circle. The latter was determined statically, Lloyd’s method, where a
dipping needle is loaded with a small fixed and constant weight acting in opposition
to magnetism, that is, the earth’s magnetic attraction is weighed, so to speak, against
the force, assumed to be invariable, of gravitation. This gives the comparison of the
forces in the plane of the magnetic meridian. Then the loaded needle whose magnetic
constant is determined at a base station, is used as a deflector to a dipping needle
whose polarity is not reversed as is done with the dipping needle used for the deter-
mination of inclination. The data are then sufficient to deduce the value of the
force.

The method is simple, it is well adapted in connection with exploratory work,
requiring less skill and manipulation and less patience than is necessary in the use
of the fibre magnetometer. Lefroy in his extensive survey in Canada employed Lloyd’s
method. [Tt is only applicable to a limited portion of the globe, being especially useful
in the higher magnetic latitudes.

The instrument that is used at present is a Tesdorpf magnetometer, similar to
those supplied to Drygalski of the ¢ Gauss’ on her Antarctic expedition.

Of the three elements, the inclination is obtained in the usual way, common to all
magnetic instruments, a symmetrical magnetic needle with cylindrical axis is
supported on two horizontal agate edges. The plane of oscillation is in the magnetic
meridian. If all the conditions were perfect then the inclination to the horizon
shown by the needle would be the desired magnetic dip. To eliminate imperfections
of figure, inequality of pivots or axis, unequal distribution of magnetism, observations
are made in duplicate and in all possible positions of the needle fogether with reversal
of its polarity, which latter is affected by means of two bar magnets.

The declination, howeyer, is obtained not by a magnetic needle, which suffers
somewhat in sensitiveness on account of pivotal friction, but by the direction of a
suspended cylindrical hollow magnet. Formerly the suspending fibre was of silk, but
now a metallic fibre, extremely fine, is used.

The horizontal force (total force a derivative) is obtained from deflection and
oscillation observations. The principles involved in the two observations are simple.
In the first—that of deflection—we obtain the ratio of the magnetic moment of a
deflecting magnet whose constants are known to the earth’s horizontal magnetic

- force, t.e., there are two forces pulling at the suspended magnet, one that of the
deflecting magnet, which is placed at a given distance from the suspended magnet,
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and in a horizontal line from the centre of the latter and perpendicular to its direction,
and the other that of the earth. :

In the second, that of oscillations or vibrations, by noting the duration or time of
an oscillation, the product of the same two quantities is obtained. As the lines of
force lie in the magnetic meridian, the total force could be obtained were it practie-
able to observe the oscillations in that plane. Hence the oscillations are observed in
a horizontal plane. There is an analogy between these magnetic observations and
those of gravity by means of a pendulum.

By noting the period of a pendulum at two stations we obtain a ratio of the foree
of gravity at the two places; similarly, when oscillations are noted with a permanent
magnet at two points of the earth’s surface, the ratio of the magnetic force is obtained.
In each case, for gravity and terrestrial magnetism, the intensity of the foree varies
inversely as the square of the period of oscillation. The oscillating magnet is the one
used as a deflecting magnet in the preceding case.

The constants of the magnet have been determined by Mr. R. F. Stupart, director
of the Magnetic Observatory at Agincourt, the magnetic base station for Canada.

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

OTTO KLOTZ.
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APPENDIX 3.
ASTRONOMICAL AND ASTROPHYSICAL WORK, BY J. 8. PLASKETT, B.A.

Otrawa, ONr., July 10, 1907.

W. F. Kivg, Esq., B.A, LL.D,,
Chief Astronomer,
Department of the Interior,
Ottawa.

Sm®,—I have the honour to present the following report of the work carried on by
me and under my direction during the past year.

Since presenting my last report, considerable progress has been made towards
getting the work arranged and systematized, but considerable remains to be done
before it is completely organized. A certain amount of experimental and tentative
work is unavoidable when an observatory is being started and new work initiated;
indeed, it is only by intelligent experiment that any real progress can be made, and it
has been my aim from the beginning by suitable experimenting to place our instru-
ments and methods of work in as efficient a form as possible. Before entering into
any details of the work, however, I wish to express my appreciation and gratitude for
the readincss you have always shown in meeting any needs that have arisen either in
the way of assistance or apparatus, for the very effective help you have so readily
given me in many of the problems connected with my work, and for the advice and
encouragement so willingly afforded me, To these must also be added the privilege
of visiting the principal observatories of the United States, which you arranged for
me. This visit proved of great value, as many ideas and methods were thereby obtained
which have been and will still be of much service in the work here, and which could
have been obtained in no other way than by a personal visit. A full report of this
visit will be found below.

The greater part of my time, as in the previous year, has been occupied with
spectrographic work and I have to report satisfactory progress in that line. As out-
lined last year, the work has been confined almost wholly to determining the velocity
curves and orbits of some spectrographic binaries, and, although I can only report one
binary, « Draconis, as completed, the preliminary elements of ¢ Orionis have been
obtained and work on 5 Piscium, y Geminorum, y Virginis, 5 Bootis, « Corona Bore-
alis, and o Andromedae is well under way. Besides these stars a number of other
binaries as well as some early type stars are under observation, but, up to the present,
none of the plates have been measured and reduced. The same difficulty occurs here
as is felt elsewhere, the practical impossibility of having the measurement and reduc-
tion keep pace with the observing. This is especially necessary in the case of binary
stars to determine at what part of the period observations are most needed. With
the additional assistance you have provided, however, and with the spectro-comparator,
whose purchase you have authorized, together with a simplification in the method of
reduction, there seems to be good ground for believing that this difficulty will be to
a great extent obviated in the future. I wish to report in this connection the very
satisfactory work of W. E. Harper, who has during the year he has been with me,
measured and reduced a large number of spectrograms in a most careful and efficient
manner.

The designing and the making of the detail drawings for the new combined three-
prism and single-prism spectrograph, which is now completed and in regular use,
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occupied considerable time: Besides the above, the working drawings of the mechanism
for the coelostat telescope have been completed, and the work, which is being done at
the Victoria Foundry, Ottawa, is well under way. A new form of polarizing photo-
meter has been designed and the drawings made, while the instrument itself has been
constructed in our workshop. These will be described in more detail below.

The workshop has proved itself an invaluable adjunct to the observatory, and I
think we are to be congratulated on obtaining so able a mechanician as Mr. Mackey
to preside over it. During the year he has been employed, all the mechanical parts
of the new spectrograph, (the manufacturers price for a similar but less complete
instrument being $2,000) have been conmstructed, including an outside temperature
case of aluminum. The photometer above referred to has been completed and a
travelling wire micrometer for Cooke Transit No. 1, is neatrly finished. Besides these
larger pieces of work, many small accessories have been constructed and the numerous
repairs, so frequently required wherever instruments are used, attended to.

The supervision of this work and the testing and adjusting of the new spectro-
graph have occupied considerable time, as has also the arrangement for the automatic
heating of the temperature case. Owing to the great difference between day and
night temperature in the equatorial room, the spectrograph has frequently to be
maintained from 5° to 10° C higher than the surrounding air, and, under such condi-
tioms, it is difficult to prevent the radiation and conduction then going on from making
itself felt in a lowering of the temperature within the prism box, this taking place at
the rate of about 0-1° C per hour, if the outside temperature continues to fall. How-
ever, most of the difficulty has, by suitably arranging the heating coils, been success-
fully overcome.

Three special investigations on spectrographic work have been undertaken, two
of them completed, the third only partially so. The first dealt with the form of
image given by the system of objective and correcting lens. I had long felt that there
was need for some work in this line, especially after my trouble of the previous year
with the correcting lens as detailed in the last report. This investigation attacked
the problem in various ways and showed that the image given was at least twice as
large in diameter as it should be. The paper was published in the Astrophysical
Journal for April, 1907, and is given as Appendix A to this report. It is hoped as a
result of this work to obtain a correcting lens giving a normal-sized image. Such a
lens has been computed by Dr. C. S. Hastings, and is now being made by the Brashear
Company. It should very materially reduce the required exposure time and moreover,
by the more uniform illumination of the collimator objective thereby obtained, ensure
greater freedom from chance of systematic error.

The second investigation referred to was on the spectrum of o Ceti, the well
known variable star, which reached an unusually high maximum last December and
was well within the range of our equipment. Several facts of interest were elicited
from the measures of the spectra obtained, which are detailed more particularly in
the copy of the paper below (Appendix B), which was published in the Journal of the
Royal Astronomical Society ofi Canada, vol. No. 1.

The third incompleted investigation was on the influence of slit widths on the
accuracy of velocity determinations and, although not completed, the resulis show
that the slit can be widened considerably in early type stars with few lines without
much increasing the probable error of the determination of the velocity. The whole
question will be investigated in greater fullness in the near future, with especial
reference to the new spectrograph and the different dispersions obtainable by it.

Since the last report the solar camera has been in regular use and a photograph
of the sun’s surface, recording the spots, has been made on every clear day. This
work has been attended to either by Mr. Harper or myself, but now that Dr. DeLury
has been appointed he has taken charge of it. No other solar research has yet been
commenced owing to the delay in the erection of the coelostat house. As stated before
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the heavy mechanical parts of the telescope are being made at the Victoria Foundry.
The secondary plane 20”7 mirror and the concave of 18” aperture and 80 feet focus
have been ground and figured by Brashear, and are now stored in the instrument
room. A combined collimator and camera objective of 6 inches aperture and 23
feet focus, also figured by Brashear, has been obtained, and I am glad to report that,
through the kindness of Dr. Brashear, we are now in possession of a 6 inch plane
grating of 12,500 lines i the inch to be used in connection with the above objective.
The optical parts of the installation, are all ready and, as soon as the building is
completed, work can be commenced at once. 3

It was found difficult, indeed practically impossible, to obtain satisfactory
results with the registering wedge photometer, and work with it has been abandoned.
T designed a photometer which depends on the comparison of the star with an arti-
ficial star, the latter being varied in intensity by the rotation of a Nicol prism in
a polarized beam from it, this variation being a function of the angle of rotation.
This design was completed, and the necessary optical parts for it obtained about the
New Year, but the press of work in the workshop has prevented its completion until
now. It is hoped that, by its use, accurate results in the measures of variable stars
may be obtained.

A beginning has been made in micrometer work with the equatorial by M.
Motherwell, recently appointed. It is proposed to obtain measures of those double
stars within the range of the telescope of which the measures are few in number, and
of those binaries which are in sufficiently rapid motion to require frequent measure-
ments. It is also proposed to, as far as possible, measure the positions of any comets
visible. Mr. Motherwell is also including in his work, at your suggestion, the
observation of the time of occultations of the brighter stars by the moon. For this
purpose and for photometric work on the brighter stars, the 43" Cooke equatorial
telescope is to be mounted on the roof of the observatory and can be used when the
15-inch is otherwise engaged.

The popularity of the Saturday open nights for visitors has continued unabated,
the average attendance being over 50 and on several nights having been over 100.

That there is a real interest in astronomy in the Capital is shown not only by
these figures, but by the splendid membership obtained for our Astronomical Society,
by the large attendance at the meetings and the interest in the proceedings.

The care of the instruments has taken up considerable time, and one is frequently
interrupted in important work to give out a minor instrument. I propose, with your
- permission, to entrust the bookkeeping part of it to Mr. Motherwell, reserving only
the general supervision over the instruments and attention to the necessary repairs.

It is hoped, now that the staff under my direction has been increased by three.
and that the instruments and method of work are gradually getting into satisfactory
condition, to much increase the output of useful work in the near future. I feel,
however, that econsidering the circumstances, a good beginning has been made and
that, as the work becomes more and more systematized, both the amount and qﬁality
will increase.

VISIT TO OBSERVATORIES,
Lick Observatory.

When, by your kindness, T had the privilege of visiting the principal observatories
in the United States, the first one to be reached was the Lick on Mt. Hamilton in
California. The journey was made from Ottawa by way of the Canadian Pacific
Railway to Vancouver and thence from Seattle through Portland to San Fran-
cisco, reaching there on Sunday, August 26. Mt. Hamilton is reached from San José,
50 miles from San Francisco. From San José a daily stage makes the 25 miles of
mountain climb in about 5 hours. The observatory is commandingly situated on the
summit of Mt. Hamilton, at an altitude of about 5,000 fieet, and, owing to its com-
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parative maccesmblhty is surrounded at a somewhat lower level by a number of other
buildings serving as dwe]lmg houses for the astronomers, as offices and workshops,
&e. In fact the summit is like a small town, has its own electric hght plant and
water works system, its school, its boarding houses, &e., all presided over in a paternal
way by the director of the observatory, Dr. W. W. Oampbell. I had not known, until I
reached San José, the inaccessibility of the observatory nor of the fact of there being
no hotel accommodation at the summit, and I was in a quandary as to arrangements
for accommodation during my visit. I had written Dr. Campbell of my proposed
visit, but, owing to his absence; had received no reply. However, I was heartily
welcomed at the summit and kindly and hospitably entertained by Dr. and Mrs.
Campbell, who did everything in their power to make my stay a most pleasant one.
I can safely say that they succeeded fully, and I wish to record here my appreciation
of their kindness to an entire stranger.

I wish also to mention that every member of the staff seemed to take pleasure in
showing me every detail of their work, and as a consequence, T had both a pleasant
and profitable time.

The summit of the mountain was blasted off to form a level place for the
observatory building, which faces the west, overlooking the Santa Clara valley and
San José. The 75-foot dome containing the 86-inch telescope is at the south end, and
the dome for the 12-inch telescope at the north end of the building. The offices in
the central part of the building between the domes are entered from a hall at the rear
running the whole length of the building and entering the large dome at one end and
the small one at the other. In this hall, arrdinged as transparencies, in stands for
daylight or artificial illumination, are examples in the form of photographs of the
different kinds of astronomical work carried on at the observatory. They comprise
photographs of the sun and sun spots, of the solar corona and prominences, of the
spectrum of the reversing layer and chromosphere, photographs of the moon at
different phases, offt some of the planets, and of star clusters and nebulae. There are
many fine examples of the latter taken with the Crossley reflector by the late
Director, Professor J. E. Keeler. There are also enlargements of different types of
stellar spectra made by the present Director, Dr. Campbell, who has made a specialty
of stellar spectroscopy and radial velocity work, and practically revolutionized the
methods of determining the velocities of stars in the line of sight.

These transparencies, as well as numerous photographic prints on the walls, serve
to render the hall very interesting to visitors of an astronomical turn of mind and,
during the summer, there is hardly a day that does not bring its quota. As at Ottawa,
visitors are, on Saturday evening until ten o’clock, allowed the privilege of a look
through the telescope, and this I learned is frequently taken advantage of by large
numbers who msake the 25 mile trip from San José for that purpose.

On the afternoon of my arrival, Dr. Campbell showed me over the observatory,
intréducing me to the various members of his staff and explaining the nature of the
work under way at the observatory. The amount of work accomplished is marvellous,
and as to the quality, there is no need to speak of that as its reputation is world wide.
The climate of Mt. Hamilton is probably better suited for astronomical work than that
of any other observatory on the globe. For eight months in the year practically every
night is fine, and I can testify that the seeing is much better there than at any other
observatory I visited. Dr. Campbell told me that the average number of working
nights was 250 in a year, and the work is so arranged and divided that every night
and all night long is utilized. The custom there is to divide the nights into two
portions, one person using the telescope from dark till midnight and then being
relieved by a second observer, who works until dawn.

The work undertaken is quite wide in its range, embracing nearly every class of
astronomical activity. Spectrographic work, the radial velocity of stars, has perhaps
the greatest attention paid to it, but micrometric work is a good second, and besides,
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considerable attention is devoted to observations with the meridian circle. Moreover
the Crossley reflector, under charge of Dr. Perrine, is doing splendid work ‘in the
photography of stars and nebulae; while photometric work also receives attention.

The determination of the radial velocities of the brighter stars is the especial
work of the director, and he has not only revolutionized the methods of obtaining
accurate values, but has now probably more data concerning radial velocities than
all other observatories engaged in this work combined. Several thousand star spectra
have been photographed, and the work of measurement is making good progress.
When his eatalogue of the radial velocities of the brighter stars has been completed,
our knowledge of the universe will be very considerably increased. The Mills spectro-
graph attached to the 36-inch equatorial is the instrument with which this work has
been done, and this instrument with the method of measurement and reduction
employed are fully described by Campbell in the Astrophysical Journal, VIIL, p. 123.
The optical parts of this spectrograph have, however, recently been remounted in an
ingenious and original manner affer designs by Dr. Campbell who very kindly
explained to me the whole mechanism. It consists briefly of a steel box, oblong shape,
made of two fe-inch thick plates on the sides joined together about 8 inches apart by
braces and cross braces and by plates, which form the channels or tubes along which
passes the light from slit to collimator lens and from camera lens to plate, the prisms
being mounted on one of these plates in the proper position. These plates are further
stiffened by being screwed to castings which act as the ends of these tubes and the
points of support of the instrument. The whole spectrograph is thus complete in one
part, homogeneous and self contained. An axis, passing through the prism box and
near the centre of gravity of the spectrograph, is supported in bearings on a truss
framework rigidly attached to eye end of the equatorial. This axis can rotate, if
necessary, in these bearings which are movesable in slides parallel to the optical axis of
the telescope. The other point of support is on the tubular casting projecting from the
box to which the slit is attached and which thus forms one end of the collimator.
This slides in a ring pivoted between two points attached to the same truss. Thus
it is not possible for any stresses to be introduced in the spectrograph proper by any
flexure of the truss, and this is a decided improvement over the usual form, where
truss and spectrograph are so connected together that flexure of the former is likely
to introduce a similar trouble in the latter. Again, a change in the star focus is
compensated by moving the spectrograph as a whole and not the collimator tube only.

Dr. Campbell informed me that flexure is entirely eliminated by this form ofi
construction, and that T can readily believe. He further stated that if he were building
another instrument he would construct it of brass which is amply strong to prevent
flexure, which is easier to work, and which, with the usual type of collimator and
camera lenses forms a combination which requires only very slight changes of focus
for changes of temperature. The old Mills spectrograph had Hy central, the new
A4,500. I was told, however, that not much advantage is thereby gained in exposure
time over Hy central, this being probably due to two causes:—first, the focal length
of camera requires increasing to obtain the same linear dispersion in the two cases,
second, a denser spectrum is required around 24,500 to get the same accuracy. He
advises about A4,400 as the most useful compromise.

The compactness of the instrument allows the temperature case to be small and
neat. The case is supplied with coils for electric heating, the temperature being
maintained automatically constant by an electric contact thermometer working in
conjunction with a relay for controlling the heating current. As this responds to a
change of temperature 0-2 C, the temperature in the prism box will vary only very
slightly during a night’s work.

_The outside temperature case is placed on the spectrograph and the automatic
heating arrangement switched on after the dome has cooled down and only shortly
before starting the evening’s work as the difference between day and night temperature
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on Mt. Hamilton is small, about 3° . The automatic control works admirably, as
the reading of the inmer thermometer did not change appreciably during 4 hours
working.

I had the privilege of staying with Dr. Campbell while he made several exposures
on the spectrograph, and observed the remarkable ease with which the large equatorial
is handled and the convenience of all the auxiliary apparatus required. The guiding is
now performed by the reflecting slit method, and this method seems to me decidedly
preferable to that in which one guides by the light passing through the slit jaws and
reflected from the front surface of the first prism. I had an opportunity of comparing
the guiding and following with that of our own telescope and, considering the great
foeal length of the instrument, practically three times as great as our 15-inch, the
image remains remarkably steady and is very clear and distinet. This is undoubtedly
due in great part to the exceedingly steady and almost perfect seeing which Mt.
Hamilton possesses, but the quality ef the image is also due to the magnificent
objective of the 86-inch.

Dr. Campbell was most kind in giving me every possible assistance that might be
of service in our spectrographic work and in many points and details his experience
and advice is invaluable. I can only mention here a few of the points that occur to
me as of sufficient moment to record.

The exposures actually required for stars of different magnitudes are found to
vary directly as their intensities, t¢.e., the exposure is increased 2-5 times for every
magnitude fainter. This has not been found to be the case at Ottawa, the faint
stars requiring relatively longer exposures than the bright stars. A well known
property of the photographic plate by which, when the produet of light intensity and
time is constant, equal densities in the resulting negatives do not result when there are
considerable differences in the light intensities probably accounts for this difference
in the case of Ottawa, but why it should be different at the Lick is not evident. The
comparison spectrum is introduced beside the star spectrum by a separate attachment
at each side of the shit, reflecting the spark light to the collimator lens by a special
diagonal prism. Hence when the spark spectrum is exposing there is no interference
with the star spectrum which is being exposed at the same time. The exposure on
the spark is divided into 4 parts at 3, 8, § and 7 of the time of star exposure. The
titanium comparison is now used with the new Mills, as the iron lines in the region
around minimum deviation A\ 4,500 are few in number and faint; and as no air lines
appear in the titanium spectrum, no self induction is required in the circuit. The
wave lengths of the titanium lines are obtained from Rowland’s Solar Spectrum
tables.

The settings for the slit in the star focus and for the camera focus are functions
of the temperature and are taken from tables prepared from actual tests of these
variables under varying temperature conditions. In this connection I learned that
the camera focus was determined by definition tests, which according to my experience
are not sensitive enough to determine the focus accurately within two or three tenths
of a millimetre. This may be due to some aberrations in our camera lens preventing
the sharpest definition at any point, but, so far as the resulting spectra are any
evidence, there is little difference between it and the Lick. With the method described
by me in our last report, a change in focus of less than a tenth of a millimetre is
easily recognized, and, owing to the importance of correct camera focus to prevent
systematic displacements of the lines and to the ease and guickness with which the
focus is determined, the method I have used appears preferable.

COampbell’s method of determining the collimator focus and the star focus are very
ingenious and reliable and exhibit, especially the latter, the care and attention to details
that help to account for the remarkable work he has done and is doing. The collimator
focus is determined by pointing its objective to the sky and holding against its yvide
open slit a small photographic plate. Star trails at slightly different settings soon give 2
very aceurate value of the true focus. In setting the slit in the focus of the objective and
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correcting lens, the first step is to determine the difference in focus between the
spectral lines and the dust lines, ag it is only in rare cases that no astigmatism is
present in the prisms and the two foci coincide. The camera focus is then set so that
the dust lines are in focus, the slit opened widely and a number of spectra made at
different settings of the star focus. The narrowest spectrum will evidently be the one
in focus. I am indebted to Dr. Campbell for pointing out the above precaution in
regard to the focus for the dust lines, as the necessity for it had not occurred to me.

In the measurement of the spectra, I was informed that practically every known
method of reduction had been tried, and they are at present using the method
developed by R. H. Curtiss of comparing the positions of the star lines with the same
lines in a standard solar spectrum of the same dispersion. This method of course
is only applicable to stars of the second type, whose spectra are similar or nearly
similar to that of the sun. With early type stars I presume some method of reduction
to wave length is used, but astrophysicists will, I am sure, look forward with interest
to a discussion of the relative values of the various methods, which it is to be hoped
Dr. Campbell will find time to prepare.

The measuring microscopes used are by Toepfer & Sohn, and similar to the
Ottawa microscope except that they have no second movement at right angles as ig
the case in our machine. Two settings are made on each star and comparison line in
each position of the plate under the microscope, the average variation being two units
in the third place. The spectrograms are all of good quality for measurement,
although their spectra of the brighter stars are no better than ours they have a very
decided advantage when it comes to the fainter stars. Owing to flexure and to
temperature changes, the definition becomes diffuse and washed-out looking with our
modified Universal spectroscope, while, owing to freedom from flexure and to good
temperature control, the spectra of faint stars made at the Lick are of practically as
good quality as those of the brighter stars.

The spectra of stars as faint as the sixth photographic magnitude can be obtained
with the Mills spectrograph, although upwards of two hours exposure is required.
For stars fainter than the sixth magnitude, a spectrograph of lower dispersion is
required, and at Mt. Hamilton they use a single prism instrument giving only one-
fifth the dispersion of the Mills. The outside limit with this small dispersion is the
eighth magnitude, and even these are only obtained with a very long exposure. This
instrument is built up from the telescope truss and collimator section of the old Mills
instrument, using a light flint prism as dispersing medium. The eamera is stiffened
by a tubular brace from the collimator section to the camera, and Dr. Campbell
acquainted me with a curious fact in connection with the material of this truss. The
collimator section is of steel, the camera section of brass. A brace or truss of steel
was found to give no displacement of the spectral lines for change of temperature,
while a brass truss gave a marked displacement. Tt is evident that, if necessary,
a composite brace could be constructed that would neutralize any temperature displace-
ment. The single prism instrument is used chiefly in special investigations, such as
those on variable stars, which in their minimum phase go beyond the limit of the Mills
spectrograph.

The speetrographic equipment and methods proved most useful and interesting
to me, and the ideas and wrinkles gained have proved of the greatest value in our
work and, even if nothing more had been learned, would have been worth the trip.

Another interesting feature of the observatory is the Crossley reflector. This
telescope has quite an interesting history. Donated by Mr. Crossley to the Lick
observatory it was, after much time and trouble, put into effective condition by Prof.
Jas. E. Keeler, the late director of the Lick observatory. He made a large number of
beautiful photographs of nebulae, discovering many new ones. Indeed it has been
stated that it was principally owing to the enormous amount of labour connected
with this work that his death was hastened. There is no question that he obtained
magnificent results with a very poorly mounted instrument. Sinece Dr. Perrine has
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had charge of the reflector an entirely new mounting has been made after a guite
original plan, which I am informed works admirably. That the work being done with
the reflector has not suffered is evidenced by the discovery by Dr. Perrine of the 6th
and 7th satellites of Jupiter. The polar axis is of tubular form built up of boiler plate
with cast ends, on which aie the journals rotating in bearings on separate piers. The
body of this tube is eccentric with respect to the journals and the declination axis
passes through it perpendicularly. The telescope is mounted on the declination axis
at the side of the tube nearest the centre, thus the eceentric position of the tube helps
to balance the weight of the mirror and its tube. The driving is effected by means of
two long sectors into which two worms, each driven by the clock, gear. The one of
these sectors that is idle is driven backwards while the active one is driven forward.
As soon as the latter gets to the end of its run, an automatic arrangement unclamps
it, clamps the idle one and the telescope’s motion is continued without change. Owing
to the length of these sectors and to the care with which they were cut and hobbed in
place, the telescope drives so accurately that practically no guiding is needed for
15-minute exposures, and only occasionally in longer. The guiding is done by a
double slide ecarrier, shifting the light plate rather than the heavy telescope. In
satellite work, the motion of the satellite relative to the stars is computed, and the
guiding cross wires moved at short intervals so that the plate exactly follows the
satellite although making trails of the stars.

I was much interested in the plates, shown to me by Dr. Perrine, in which the
6th and Tth satellites of Jupiter were first seen. Also in a large number of beautiful
photographs of nebulae and clusters which are soon to be reproduced in a book. The
predominant form of nebulae as shown by these plates is spiral thus indicating the
necessity of a revision of the Laplacian hypothesis. The star plates obtained, which
are 3}” x 4}” in size, are measured by either one of two machines, the Repsold or
the Stackpole, neither of which are entirely satisfactory according to Dr. Perrine’s
experience. The Repsold machine has a silver scale as a standard, the settings being
made by a double micrometer microscope on the star image and the microscope being
then tilted to point on the scale, thus giving the 2 co-ordinate, the ¥ being obtained
on a second scale at right angles. The Stackpole machine has a simple microscope
provided with cross wires and the plate is set so that the star is at their intersection.
The scale readings are made by two auxiliary microscopes on glass scales, no micro-
meters. I had the privilege of being with Dr. Perrine, while he was making plates for
the redetermination of the position of the new satellites of Jupiter, and the reflector
now seems to work very smoothly and regularly, and everything is arranged more
conveniently then when Keeler did his work.

As from everyone at the Lick with whom I came in contact, T received many
kindnesses from Dr. Aitken who is responsible for the micrometér work with the
86-inch. This work consists chiefly of the measurements of position angle and
distance of double stars, and also the survey of the whole available sky at Mt. Hamil-
ton with the 36-inch for the discovery of double stars. In such a systematic and
thorough way is this work carried on that when he completes it there will be practi-
cally no more doubles to discover. Already by this method about 1,500 new doubles
have been discovered, and these doubles are all comparatively close, to the best of my
tecollection none are noted which are farther apart than 5 seconds. His method is
both simple and thorough. All stars of magnitude 9-0 or greater in the B.D. are
entered upon cross-section sheets in their correct relative positions, each sheet being
about 40 minutes wide in declination and covering about 15 minutes of time in right
ascension. Every star on this list is carefully examined by the large telescope and, if
double, is measured and recorded. FEach double, both new and old, is measured at
three different times, recorded on the sheets and fransferred to a table. A card
catalogue of the most important binary stars is kept, and measurements are made
on each of these as occasion arises and when a measurement is required to get a
complete orbit. On these cards are entered all previous measures, and also the
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approximate dates when future measures are desirable. His system of keeping track
of what has been done and what is required to be done in double star work is very
complete and well arranged to avoid loss of time and unnecessary duplication of
work. I was much interested in comparing the star images at Mt. Hamilton with
those T had seen at Ottawa, and Dr. Aitken kindly allowed me every convenience for
so doing. The night I saw through the 86-inch, the seeing on their scale (5 perfect)
was only fair, a little less than three, but even then was much steadier than any I
had observed at Ottawa. A double of 0-25” distance was well separated in 21:‘;19
1-22 X

telescope, whose theoretical separating power according to the formula d=

is about 0-15”. The appearance of the star image within and without focus, making
allowance for the difference of seeing, was practically the same as that given by our
15-inch. ¥

On the next night Dr. Aitken was observing with the 12-inch Clark telescope,
seeing fairly good, between three and four. A double star 0-4” apart, just within the
theoretical limit, was separated, but not easily. The star images were beautifully
small and crisp and the diffraction rings very clearly defined. The appearance within
and without focus was practically identical, and I can readily believe the director’s
statement that this is one of the finest if not the finest objective ever made. The
seeing was immeasurably better than any I have ever experienced in Ottawa.

A six and one-half inch meridian circle by Repsold is completely fitted with all
the necessary accessories. There are full sized collimating telescopes at the north
and south and also a full sized collimating lens for the azimuth mark about 100 feet
away. This is placed directly below the southerly collimator. The irregularities of
the pivots are observed by means of mirrors on each end of the axis, viewed through a
telescope to the east and west. Tucker, the astronomer in charge of the positional
astronomy, was eway on a vacation during my visit, and consequently, I did not get
any information concerning this branch of the work.

Numerous other pieces of research which arise from time to time are carried on
at the Lick observatory and there are other lines of work which also have some time
devoted to them., Photometric work is one of these, the instrument used being the
Harvard type of wedge photometer on the 12” equatorial, the measurements being used
to obtain the light curves of variable stars. Maddrill who was doing the photometric
work claims the results with this type of photometer are reliable to about the tenth of
a magnitude. The measurement of the position of comets is also on the programme of
the observatory and is generally undertaken by the junior members of the staff.

The esprit de corps of the whole staff is very good. Everyone I talked with was
enthusiastic about his own work and the work of the observatory and proud to be a
member of its staff. The quantity of work turned out is enormous and its quality is
universally recognized. The Lick observatory has of course a very great advantage
over every other observatory in the character of the climate and its eminent suitability
for astronomical observations. Not only are the number of good nights much greater
than anywhere else, but the quality of the seeing is also superior to that elsewhere.

During the summer months the observers can be almost absolutely certain of
having every night fine, and every one with experience knows what an advantage it is in
many lines of work, to be able to obtain an observation whenever necessary. I spent
four days most pleasantly and profitably at the Lick and could with much advantage
have considerably extended my wvisit, but as my time was limited, it had to be made
short. I left the observatory with regret, but with very pleasant memories of the
kindness shown to me.

The Solar Observatory of the Carnegie Institution.

Pasadena was reached on Sunday, September 2, and an attempt was made to find
Professor Hale, but without success. I found that he was in Santa Barbara for a few
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days, and I looked up Professor Ritchey, the Superintendent of instrumept con-
struction, who invited me to come around to the offices on the next day, Labour day.
Although the shop was to be closed, the unloading of some of the heavy parts of the
60-inch reflector required his presence. On the following morning Professor Ritchey
showed me the different points of interest in the instrument and optical shops of the
observatory which are models for convenience and aceuracy of working. The instru-
ment shops are fitted with the most modern machine tools, lathes, milling machines,
planer, shaper, grinder, drills, &c., and several men are continually employed. The
principal line of work carried on here is the construction of the new instruments
required at the observatory and laboratory, and, as so much of the work is mnew,
requiring special apparatus, the facilities of the shop are taxed 1o the utmost. Besides
much preliminary experimental work, the very complete and beautiful spectrohelio~
graph in regular use at the observatory has been made. The globe measuring machine
or helio-micrometer has been developed and finally completed. The solar and labora-
tory grating spectrographs with all their aceessory appliances have been constructed
here, to say nothing about the many smaller pieces of experimental apparatus continu-
ally required in any line of original physical or astronomical research. The work
upon which most of the men were engaged at the time of my visit consisted of the
driving clock, slow motions, and small accessories of the mounting of the 60-inch
reflector which is now under construction. The mirror is being figured by Professor
Ritchey, and the heavy parts are being made by the Union Iron Works of San Fran-
eisco.

The optical shop is a very interesting feature of the equipment as Professor
Ritchey has introduced some novel methods in the grinding and figuring of mirrors,
and the machine used in the finishing of the 60-inch mirror is arranged to give a
number of different motions to the grinding or polishing tool and to the mirror. The
Aiguring of the 80-inch mirror is being effected by a quarter-sector tool and Ritchey
alaims that he can do everything with it that can be done with the full sized tool with
the advantages of less weight and greater ease of handling. Another noticeable point
is the serupulous care taken in cleanliness. Varnished walls, double windows, cloth
packed double doors and close grained hard cement floors are some of the precautions
employed. Whether such extreme care is necessary is questionable as the Brashear
Company make surfaces of the most beautiful polish, and with never a scratch, without
taking apparently a tithe of the care that is taken in Pasadena. The 60-inch mirror
was being tested by zones at the centre of curvature, but they are at present figuring
a 86-inch flat to test at the principal focus. T have no doubt that when finished, the
mirror will have a figure as perfect as it can be made and that some beautiful results
in mnebular photography will be obtained by it, especially in the transparent and
rarefied atmosphere of Mt. Wilson.

I examined with much interest the drawings of the mounting for this mirror
whose design, due to Professor Ritchey, is ingenious and admirable. Although I am
no judge of the quantity of material required, the polar axis and principal moving
parts seemed to me unnecessarily heavy, but the error, if error it be, is certainly on
the safe side. The mirror with its accompanying skeleton tube is to be carried in a
fork on the north end of the polar axis, which is about 18 inches in diameter at the
upper end, having a central hole some 9 inches in diameter, along which the beam
of light is to be transmitted when the instrument is used in a Cassegrainian form.
The weight of the mirror, tube, fork, polar axis, driving gears, worm and all moving
parts is to be counterbalanced by a cylindrical float 10 feet in diameter, between .
the fork and the outer bearing, which will revolve in a semicircular trough filled
with mercury. The upward thrust on this float is nearly equal to the weight of
the moving parts, and there consequently should be little friction in the:bearings.
The driving worm wheel is 10 feet in diameter, it is to be cut in place on the axis and
finished perfectly smooth by grinding with a worm. Tt is hoped that owing to its large
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diameter and to the care with which it is to be finished the driving will be uniform
and regular.

An erecting shop has been built in the yard beside the main shop, in which the
reflector is to be entirely set up and placed in thorough running order before being
taken up on the mountain. A travelling electric crane is installed to handle the heavy
parts, two or three of which, such as the fork and polar axis, weigh in the neighbour-
hood of ten tons each. Iu order to get such massive piéces to the summit of the
mountain, a trail is being built up the mountain at great expense, and actual trans-
portation is to be accomplished by a special automobile, each wheel driven by a

. separate electric motor.

Many interesting details of shop methods were kindly explained to me by the
foreman, Mr. Jacomini, particularly those relating to the cutting and grinding of
worms and worm wheels, the method of making and grinding curved slits, and the
cutting of bevel gears. Many useful shop wrinkles were obtained, such as the use
of a small motor for a portable emery grinder, and of a spring tool for cutting threads.

T examined with much interest the measuring and computing division of the work
of the observatory which is now under the charge of Professor W. S. Adams, and is
all done at the Pasadena office. There are a number of measuring microscopes for
spectra by Gaertner and a plate measuring machine of the same maker, but the most
interesting machine in the division is the globe measuring machine, or helio-micro-
meter as Professor Hale calls it, for determining heliographic positions of spots,
faculae, flocculi, &. The original form of the instrument consisted simply of a
ruled globe divided by meridians and parallels into sections of a degree square, on
which the image of the solar photograph was projected by a lens of the same focal
length as the one with which the negative was taken. In such a case, placing the globe
with its equator, poles, and prime meridian corresponding to the position of the
equator, poles and prime meridian of the sun when the negative was made, the position
of any point on the negative can be at once read directly on the globe, saving consider-
able measurement and computation.

In the improved form the plate and globe are placed side by side and illuminated
strongly by electric light. At the distance of 80 feet, the focal length of the concave
mirror of the Snow telescope, two concave mirrors reflect images of these into two
telescopes, side by side, directly above the globe and plate, and these images are or
can be superposed on one another by totally reflecting prisms into a single eyepiece.
The globe itself has no gradustions, but has an equator and principal meridian ruled
on it, while the position of the globe with respect to two axes at right angles to one
another is determined by graduated circles which can be read by telescopes near the
eyepiece above mentioned. A cross wire is set on the spot whose position is required,
and the globe is then rotated by means of slow motion handles until the intersection
of equator and meridian coincide with the cross wires and therefore with the spot.
The reading of one circle gives the heliographic latitude and of the other the helio-
graphic longitude of the spot, without any computation whatever.

Prof. Hale returned from Santa Barbara on September 5th, and at first proposed
to go up the mountain with me, but later found that he would be unable to leave
Pasadena. He was very busy during the time of my visit with his investigation into
the cause of the characteristic phenomena in sun spot spectra, which has since been
published, and there was being installed for laboratory researches in connection with
this investigation a transformer for an electric furnace with a capacity of 50,000
watts and also a transfbormer capable of delivering 5,000 watts at 1,000, 2,000, 4,000,
8,000, 16,000, 32,000, or 64,000 volts for powerful spark work. Professor Gale, who
looks after the physical side of this and similar investigations, was, however, going up
to the observatory, and I had the pleasure of his company and of Mr. Rainer of the
National Physical Laboratory of England, who was visiting Pasadena at this time.

The only present means of reaching the summit is by horse or mule back and,
after taking the street cars to the foot of the trail, one has to ride on an animal the
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remaining 9 miles of winding mountain trail through the frequently precipitous
canyons to the summit. The trip, which required about 4 hours to make, was quite
a pleasant one and the summit was reached about six o’clock. We at once went to
what is called the Monastery, the bachelor quarters of the observers, and were intro-
duced to the staff at that time working upon the mountain. I will refer to each more
particularly when I vome to speak of the work done on the mountain. The Monastery
consists of a series of bed rooms with a common living room or library and dining
room. The library has the principal astronomical and scientific periodicals on file
together with a fair collection of the most useful books, which are, I believe mostly
from Professor Hale’s private library. The buildings are distributed over a consider-
able area on the mountain top, the Snow telescope house being about three-eighths of
a mile from the Monastery with the laboratory and other temporary buildings between.
The view from every part of the peak is magnificent, mountains after mountains to
the limit of vision on the one side, and on the other the cities of the plain, Los
Angeles and Pasadena, with the Pacific beyond.

The number of observers on the mountain at the time of my visit was seven. Of
these Mr. Ellerman, who was the senior officer, is astronomer in charge of the solar
work on the top of the mountain, Professor Gale has charge of the conjoined
physical research with Mr. Olmstead as his assistanf, Mr. Palmer is assistant to Mr.
Ellerman, looking after the bolographie work with the Snow telescope. In addition
to these regular officers of the observatory, Mr. Abbot of the Smithsonian Astro-
physical Observatory and his assistant Mr. Ingersoll were working during the season
on Mt. Wilson in determinations of the solar constant, while Professor Nichols of
Columbia, another guest for the summer was# doing some work on the absorption of
gaseous vapor. !

I was most interested in the work of Mr. Ellerman, as it was much on the same
line as we propose to carry on ourselves, but I will speak first of the work being done
by other members of the staff and by the guests.

Professor Gale and Mr. Olmstead were at work in the laboratory obtaining
spectra of the elements most affected in sunspots. Such spectra were made with a
high and low temperature arc, or in the arc and the flame of the are, to compare the
difference between the lines in the two cases and to further compare the lines so
affected with those affected in sun spots. They use, for all this work, the Littrow
type (with combined collimator and camera objective) of grating spectroscope, which
is found to be both convenient and accurate. A number of spectra can be made on
one plate, which is placed directly below the slit, as it is movable vertically by rack
and pinion.

Mr. Palmer is using a bolometer to determine the energy curve at different
points of the spectrum over a diameter of the sun. The bolometer is arranged to give
a continuous record of the energy as the sun’s image drifts across the slit. The image
is in this case formed by the Snow telescope and, as steadiness of the solar image is
not necessary, the work is usually done in the middle of the day when the definition
is too poor for spectroscopic or spectroheliographic observations.

Mr. Abbot with Mr. Ingersoll as assistant has quite an elaborate apparatus,
installed in a temporary building on the summit, for the determination of the solar
constant and of variations in it. A continuous bolographic record of the solar
spectrum from the ultra violet to the intra-red, inclusive, is obtained and the enmergy
curve thus derived is integrated and calibrated by various methods so as to give very
accurate values of the solar constant. Mr, Abbot believes the values he obtains are
correct to one per cent and he has hence been able to detect a variation in the value of
the constant between 2-0 and 2-3 calories. He has not as yet been able to connect
this variation into any periodic relation with other phenomena such as spots, promin-
ences, or other disturbances. The temperature changes on the earth’s surface that
are of a general as distinguished from a purely local character, follow markedly this
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variation in the solar constant, and Mr. Abbot states that one should be able to pre-
dict, considerably in advance, the probable temperature.

The work with the Snow telescope, which had been done conjointly by Messrs.
Ellerman and Adams, the former taking the photoheliographic and spectroheliographic
work and the latter the spectroscopic study of sun spots and of the solar rotation, was
of great interest to me and I took every opportunity during my stay of being with Mr.
Ellerman while he was making the daily photograph. TUnfortunately, owing to Mr.
Adams absence, there was no work done on spot spectra, nor any plates made for the
measurement of the solar rotation. Even if he had been present, however, there were
mo sunspots of sufficient size to make successful spot spectra.

The solar definition on Mt. Wilson is at its best between one and two hours after
sunrise and is also frequently good about an hour before sunset, but in the middle of
the day, in general, somewhat unsteady. The form of coelostat house used, consisting
of walls of canvas louvres painted white with inner movable canvas walls, seems to
answer the purpose admirably as the temperature keeps quite cool inside the house
and the free circulation of air prevents any stratification in the path of the beam,
Thus any disturbance must be due principally to the air between coelostat and sun.
This disturbance again is minimized by having the coelostat mirror at as high an
elevation sbove the heated surface of the ground as practicable, and by having all the
soil near the pier covered as far as possible with shrubs and trees to diminish
radiation.

During the hours previously mentioned, the solar definition is very good indeed,
much superior to any I have seen in Ottawa, so good indeed that the principal dif-
ficulty is not in the boiling or unsteadiness of the image, but is caused by change in
figure of the mirrors due to the heating, by the sun’s rays, of the silver surface. This
change of figure is quite regular and appears principally on the coelostat mirror
which becomes convex instead of plane and consequently lengthens the focus appre-
ciably. The amount of increase depends upon the length of time the mirror has been
exposed to the sun and also upon the freshness of the silver coating, but there seems
to be a maximum increase of about 6 inches in 60 feet or nearly one per cent. An
exposure of two or three minutes to the sun lengthens the focus by about an inch
and, as, at the times of best definition, the angle of incidence on the coelostat mirror
is large, the astigmatism thereby produced will affect the definition, the amount of
course depending on the change in focus and the angle of incidence. Professor Hale
has shown that the convexity is due to an actual bending of the mirror and has sug-
gested as a remedy making the mirror nearly as thick as its diameter. The effect in
practice is kept at a minimum by shading the mirror by a canvas screen, except during
the times when a plate is being exposed or the image is being focussed, and also by blow-
ing air on the surface by electric fans. The silvering of the mirrors is also frequently
renewed, as a fresh coating absorbs much less heat than one which has become
oxidized or tarnished. The change of focus during an exposure on the spectrohelio-
graph, which may last for two or three minutes or in some cases with iron and
hydrogen lines considerably longer, is compensated for as much as possible by setting
the slit midway between the focus at the beginning and the estimated position of
focus at the end.

The process of making a set of photographs is as follows. The coelostat house
proper is rolled back on its wheels, its roof moving over the roof of the telescope
house, until the coelostat mirror is fully uncovered to the sun. The coelostat and
secondary mirrors are uncovered and placed in such position as to send a full beam
to the concave mirror situated 100 feet south, which is then uncovered and the image
focussed on the photoheliograph shutter, the concave mirror being moved backwards
and forwards on a track by an assistant. The coelostat mirror is shaded and a plate
placed behind the shutter, which consists of a narrow adjustable slit in a thin piece
of board. The mirror is uncovered and, after the focus has been again examined, the
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concave is moved the correct distance to bring the focal plane on the sensitive surface
and is diaphragmed to about 8 inches. The release of the shutter allows a spring to
draw the narrow slit rapidly across the plate. Process plates are used on account of
their greater contaect.

The whole photoheliograph is moved out of the way and the sun’s image is
refocussed on the slit of the spectroheliograph. This instrument is of a very
ingenious and yet simple design and works to perfection. In essence, it consists of a
slit spectrograph of two prisms, the deviation being made 180° by means of an adjust-
able mirror. In place of the observing telescope is a second slit in the focal plane of
the camera lens, and by moving the mirror any line of the spectrum may be thrown
on this slit. The sun’s image is focussed on the first slit and a plate placed almost in
contact with the second slit. The plate and the solar image are stationary while the
spectroscope is moved smoothly and uniformly past them. Thus, as any width of any
line may be transmitted through the second slit, the solar image is reproduced on the
plate in the light of the particular element calcium, hydrogen, or iron, which is set
on the second slit. The greater part of the weight of the moving parts is counter-
balanced by mercury floatation, while the balance of the thrust is taken by steel balls
running in grooves. A screw motion driven by an electric motor moves the carriage
containing slits, prisms, mirror and lenses smoothly and uniformly at any desired
rate across the sun’s image. For the calcium line about 13 minutes exposure is
required, for iron \4045 and hydrogen Hs about 3 times as long. :

A plate is taken for orientation by making successive exposures on the same plate,
the solar image being allowed to drift 30 to 40 seconds between exposures. The second
slit is then set on the centre of the H line, this being effected by using the electric
arc which gives the H and K lines very strongly. Two plates are made of this region,
one of iron \045 and one of Hj, A4102. This series of exposures is repeated on
every morning and evening that the conditions permit of satisfactory results.

The spectrograph for making spot spectra, and for making adjacent spectra of
opposite limbs of the sun for determination of the solar rotation, is of the Littrow
form, one lens of 18 feet focal length acting as both collimator and camera, the plane
grating of 4 inches aperture being so inclined as to diffract the light back upon its
own path to the camera, which is placed 6 inches above the slit. The instrument is
attached to the ceiling above the spectroheliograph and the sun’s image can be thrown
on the slit by simply tilting the concave. The spot spectrum is made through a
diaphragm in front of the slit and the spectrum of the photosphere through a second
diaphragm, which places a strip of solar spectrum on each side of the spot spectrum.
Considerable linear dispersion is available with the focal length of 18 feet, but Professor
Hale thinks it advisable to increase the focal length to 25 or 80 feet in order to get
full photographic resolution.

The same spectrograph is used for obtaining the velocity of the sun’s limbs to
determine the rotation period. The opposite extremes of a solar diameter are reflected
to adjacent positions on the slit by a pair of reflecting prisms at each side, and the
double shift of each line from the advancing and retreating edge is measured. The
limbs at the sun’s equator are brought into juxtaposition on the slit by rotating this
reflecting arrangement only, so that the edge of the limb is generally not tangent to,
but inclined across the slit. A method by which not only the reflecting arrangement
but the whole spectrograph could be rotated would be preferable, and also a means of
obtaining accurately opposite limbs at the extremities of any desired parallel of
latitude. As Mr. Adams, who had done most of the work with this instrument, was
away, I was unable to obtain any information as to his success and the probable
accuracy of the determination.

Mr. Ellerman very kindly showed me a large number of plates of spot spectra,
and of those made with the spectroheliograph and photoheliograph, all of which were
very interesting and instructive. The plates of spot spectra were very good, widened
and weakened lines being well shown. A comparison of spectroheliograph plates taken
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at the same time in hydrogen and calcium light, and also in those taken at intervals
of a few hours, proved very interesting. The comparison is very easily made in the
stereo-comparator, which depends upon the principles of binocular vision for exhibiting
slight and faint differences between two plates. On two plates of the calcium floceuli
on the sun’s surface, taken about ten hours apart, the globular surface of the sun and
the different elevations of the calcium clouds were well shown, while, in a single
eyepiece, arranged so that the two images could be seen in as rapid succession as
desired, was substituted for the binocular arrangement in the comparator the forms of
the floceuli taken at the same time in caleium, iron, and hydrogen could be readily
compared.

After the Snow telescope house, the most interesting place on the mountain is
the laboratory, which is a substantial cement building well equipped for spectro-
graphic research. The spectroscope or spectrograph used is another grating instru-
ment of the Littrow form, and is placed along an inner wall pointing towards the
centre of an annular pier about 10 feet in diameter. Around this annulus are placed
different means for producing emission spectra such as the induction coil with
variable capacity and self induction, an accessory to the coil being an air pump for
exhausting tubes; an ordinary arc lamp for obtaining metallic spectra; a syn-
chronous arc for obtaining the alternating arc at any desired phase; Crew’s rotating
are and a chamber for obtaining the are under high pressure. Each one of these
sources is directed towards a mirror at the centre of the annulus, which reflects the
light to the spectroscope slit, while sunlight may be obtained from a heliostat outside.
The usefulness of such an arrangement for spectroscopic investigation is self-evident
as one can, in a moment, turn from spark to enhanced spark, to ordinary, synchronous,
or rotating are, to arc under pressure, or to sunlight without having to, as under
ordinary conditions, erect each one of these in the optical axis of the spectroscope.

In the spectroscopic laboratory are also very complete dark and enlarging rooms
for all branches of photographic work, and two or three small rooms in one of which
is the stereo-comparator, and in another a machine for measuring spectra, for,
although the measuring and computing is to be done in Pasadena, there is always
demand in experimental work for preliminary or tentative measurements of plates.

The arrangement at Mt. Wilson as regards living is very simple, and, although
it is objectionable as separating the observers from their families for the greater part
of the time, has advantages on the score of cheapness. The colony there differs from
that at Mt. Hamilton, which is essentially complete in itself, having houses, a school
and forming a community with the director as chief, in being entirely of a bachelor
character, the families of the observers living at Pasadena. This seems in many
respects unsatisfactory, as the trip up and down the mountain is quite an under-
taking, occupying about five hours in the ascent and three to four hours in the descent,
but it is probably the best plan that can be evolved at present.

I can not close this description of the Solar observatory without expressing my
gratitude to Professor Hale and every member of his staff whom I met, for their
u'niform kindness and willingness to assist me in every particular possible during my
visit. It is not necessary to speak of the enthusiasm with which the work is carried
on, nor of the esteem and respect each member entertains for the director, who, with
his highly specialized qualifications for the work in hand, is at the same time most
widely read and broad in his interests. He impressed me not only as one of the
most able men I have ever met in his specialty, but he is also charming for his geniality
and kindliness, while his method for the management of the great work he has under-
taken can not be excelled. The few days spent at Pasadena and on the summit were
not only very pleasant ones, but the insight obtained into the methods of carrying on
the wo:}-lk will be of the greatest use to us when we commence our own work in solar
research.
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Lowell Observatory.

Flagstaff, which is a place of some 2,000 inhabitants on the elevated plateau of
Arizona, was reached on Sunday, September 9th, about 8 p.m. The observatory is
situated on a hill half a mile to the west of the town, about 800 feet high, the altitude
of the observatory being about 7,200 feet. I walked up to it and had a short talk
with Mr. Slipher, who has charge of the spectrographic work, and arranged to spend
the following day and night at the observatory. He was very kind in showing me
the spectra he has obtained, in explaining to me his method of working and the class
of work he is at present engaged in. The quality of his star spectra does not differ
essentially from those obtained with our Brashear spectroscope, his short exposure
ones being slightly less sharp and his long exposure ones sharper than ours. In the
TLowell spectrograph the flexure is probably much less and the temperature control
closer than in our instrument, and this will explain the betier quality of spectrum
obtained of the fainter stars.

He is considering the advisability of obtaining a new single prism instrument for
stars of the first type with broad lines. High dispersion is worse than useless for
such stars, as it makes the already broad lines so wide and diffuse and so weakens the
contrast as to render them hardly recognizable, let alone measurable. For this
purpose he wishes to obtain a perfectly homogeneous prism with as slight absorption
as possible, especially in the violet, in order to obtain the largest possible number
of the hydrogen series. He showed me many peculiar spectra of the first type in
some of which even the H lines were barely recognizable. Some of these showed
traces of a second spectrum, and one or two were very complex and peculiar. He
seems to be getting excellent results, but like every one else engaged in radial velocity
work is far behind in his measurement and reduction. He uses the method of
reduction employed by Frost and Adams, which is practically the same as that
employed here until very recently, while his measurements are made on a Gaertner
microscope essentially the same as that employed at the Yerkes except that it has a
position circle on the microscope head to determine the inclination of the lines. This
position circle is used for determining the rotation period of the planets where, if the
slit is set parallel to the equator, the approach of one limb and the recession of the
other will cause the lines to be inclined. From a measurement of this inclination
the velocity and consequently the rotation period can be obtained.

Much work on the spectra of the planets has been done following out the well
known purpose of the observatory and some beautiful planetary spectra have been
secured. I was much interested in a magnificent spectrum of Saturn and his rings,
in which the different angular velocity of the inner and outer parts of the ring first
demonstrated by Keeler at Allegheny was very clearly shown.

Mr. Lampland, who has made such success in the photography of the planets
especially of Mars, was also very kind in showing me some fine examples of his work.
Any one with experience in that line knows that the photographing of such objects
is a very difficult matter owing to the amount of magnification of the image in the
prime focus necessary and to the corresponding magnification of the inevitable
atmospheric tremor, and that it is only under exceptional conditions of steadiness that
any success is possible. His success is possibly partly due to his perseverance and to
exposing in rapid succession, thus teking advantage of the frequently very short
intervals of really first class seeing.

On Monday night I had the privilege of being with Messrs. Slipher and Lamp-
land at work. The air at Flagstaff owing to the dryness and high altitude is exception-
ally transparent and the naked eye view of the heavens is very brilliant. The quality
of the seeing, however, was not to my mind equal to that on Mt. Hamilton, and this
I judge principally by the estimate formed by the observers themselves of the steadi-
ness using the same scale, calling perfect seeing 5, seeing 3 at the Lick was much
steadier than seeing 3 at the Lowell observatory. The same thing was true in regard
‘ o the blue image mnsed in stellar spectroscopy. Such image seemed much larger and
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more unsteady at the Lowell than at the Lick observatory. This may be due in part
at any rate to a difference in the performance of the correcting lenses. It was indeed
the great difference in the character of this blue image as seen at the different
observatories that led me to investigate the character of the image given by correcting
lenses.

The Yerkes Observatory.

Leaving Flagstaff on Tuesday, September 11, via the Santa Fe system, Chicago
should have been reached on Thursday, but owing to a derailment ahead of the train
we were nearly twenty-four hours late and I was consequently a day later in reaching
Williams Bay than I had anticipated. However, Professor Barnard, who had most
kindly invited me to stay at his house during my visit, met me at the station and took
me up the lake to his house which is very prettily situated close to the observatory
and overlooking lake Geneva. I was very kindly received by Mrs. Barnard, and
most hospitably entertained during my stay. After dinner Professor Barnard
took me to the observatory and introduced me to the members of the staff, and I
received here from all, the same kindly treatment as was accorded me wherever I
visited.

The Yerkes observatory is prettily situated on lake Geneva, a well known
Chicago summer resort, ahout 90 miles from the city. It is a handsome building of
white terra cotta and forms a very effective picture. The grounds, however, are
entirely uncared for, and the appearance would be much improved by suitable land-
scape gardening. The building is one storey, of considerable length, with the large
90-foot dome at one end and two of about 80 feet diameter each at the other. The
offices, library, &c., are on both sides of the central corridor, connecting the large
with the two smaller domes. In the basement below are instrument and optical shops,
the spectroscopic laboratory, &c.

In the 90-foot dome is the 40-inch refractor with its various attachments and
with every convenience for facilitating as far as possible the handling of this massive
instrument. At the Lick observatory the floor and dome are moved by water power,
but here they are actuated by electric motors, whose controllers are placed close to the
south side of the pier. By these means the movements are made quite rapidly and
essily and are under complete control. The telescope itself, though much heavier than
the 86-inch, can be moved from the eye end by the hand, though not very easily, and
can be clamped and moved in slow motion by hand wheels, as in smaller telescopes.
However, electric motors in the clock room inside the pier allow the telescope to be
turned rapidly in right ascension and declination. Four ropes running vertically at
the south side of the column serve to control these motors and by pulling down on one
or other, move the telescope quickly east or west around the polar axis and north
or south around the declination axis. Thus the telescope can be quickly and easily
moved to any desired position or reversed. Besides these motors, another automatically
winds the clock when run down, and two small ones placed on the tube and declination
axis respectively, which gear into the slow motion screws in declination and right
ascension, give a very slow motion in either co-ordinate by simply turning a switch at
the eye end. .

The 40-inch, unlike the Lick, is used both day and night, in the day time for
solar work, photoheliograph and spectroheliograph pictures, and at night for stellar
observations. The programme is arranged to have the equatorial in use every fine
night from dark to dawn. Both here and at the Lick observatory the work is so
divided that, as a rule, one person does not use the instrument for a longer period than
one-half the night, being relieved at midnight by a second man. This is an admirable
plan, where it can be followed, as it allows the telescope to be worked to its full
capacity without overtaxing the observer’s strength.

The 40-inch is used on two nights a week for spectrographic (radial velocity)
work, two nights for Burnham’s double star work, one and one-half nights for general
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micrometric work by Barnard, and the other one and one-half for photometric work
and for making photographs to be used in the determination of stellar parallax. The
spectrograph used has been fully described by Frost in the Astrophysical Journal, and
is especially distinguished for its very massive and rigid construction, and for the
large size of its prisms. It is only with telescopes s0 large and heavy as the Yerkes
that such a heavy instrument could be used and some of its parts are to my notion
unnecessarily heavy. Part of the extra weight is necessary on account of the large
prisms, which are of sufficient size to transmit a pencil of 51™@ aperture. As
recounted by Prof. Frost in his deseription of the instrument, considerable difficulty
was experienced in obtaining homogeneous prisms and even those now in use, although
a great improvement on the first ones, are not entirely free from action on the light
and the resulting definition is not as good with full aperture as when a diaphragm of
half the aperture is inserted. Professor Frost is of the opinion that, if he were making
a new spectrograph, he would use considerably smaller prisms to transmit a pencil of
about 30™™ diameter. The advantage of the large prisms lies in the wider slit that
may be used for the same purity of spectrum, an advantage that, in the case of
telescopes of such great focal length as the Yerkes, should not lightly be foregone.

The spectrograph, as described, was only adapted to use three prisms, but has
since that date been modified to permit the use of a single prism, and I believe mos
of the work now done is with this dispersion. Prof. Frost tells me that perceptible
flexure is entirely absent in the Bruce instrument, and that I can readily believe owing
to its massive construction which is in this respect an advantage. Also, owing to the
great weight of the spectroheliograph the change from one instrument to another is
accomplished with little change in the balancing, but when the change from either of
these attachments to the micrometer or other visual appliance is required, or vice
versa, some 500 pounds of counter weights have to be handled, making the operation
somewhat laborious.

The spectrograph is enclosed within a double walled aluminum case and is heated
by coils of German silver. The current is turned on and off these eoils by hand as
required. The case is not fitted with an automatic arrangement for eontrolling the
temperature, as there are always two observers in the room when in use, and one can
attend to the temperature while the other guides. But in my opinion a good automatic
control is preferable, as likely to maintain the temperature much more constant, which
is extremely important for accurate results. The image given by the 40-inch with
correcting lens for photographic light does not seem mearly so good as is obtained at
the Lick. There is much diffuse light around the central image and this is probably the
reason why the exposure times required at Yerkes are about double those at Lick. The
difficulty probably lies in the correcting lens as the object glass visually gives excellent
definition.

Professor Frost has two or three different lines of work with the spectrograph
under way. The chief one is the determination of the velocities of those Orion type
stars within the limits of the instrument, which is about the fifth mag. with a
dispersion of 3 prisms and about the seventh with a single prism. He is also engaged
in determining the velocity curves and comparing them with the light curves of some
Algol variables and finally has a list of Hydrogen or first type stars ready to be
observed. But like every other worker in the line of sight, he has accumulated a large
number of plates ahead of the measurement and reduction, and complains of the
impossibility of getting assistance in this work. He is also endeavouring to obtain
welocity curves for some of the spectroscopic binaries discovered at Yerkes.

During the period of my visit, he was engaged on the orbit of 8 Cephei the spectro-
scopic binary of a period of only about four hours, which has since been discussed by
him in the Astrophysical Journal. He very kindly showed me many interesting
spectrograms he had obtained and was most kind and helpful in many ways. One of
the most pleasant parts of my trip was the privilege of talking over with him and
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others engaged in- the same line of work as myself, the small details of the work and
in comparing experiences, and many helpful ideas were obtained in this way.

I spent one evening with him in the dome while he was making spectrograms,
and saw the ease with which by the slow motion motors, the large telescope is guided.
The motion with these motors is so gradual and uniform that no vibration is set up
and the guiding can be very accurately done. I found it difficult, owing to the amount
of diffuse light around the image to guide, but have no doubt a little experience would
soon render it easier. The observer and the engineer in charge of the 40-inch, take
turns at the guiding, while the other attends to the rising floor and dome motors and
looks after the temperature of the outer case.

Professor Burnham, unfortunately, I did not meet, as he only comes to the
observatory on Wednesdays and Thursdays, and uses the telescope on these two nights
in micrometer measure of double stars in preparation for his great general catalogue
of double stars, soon to be issued by the Carnegie Institution of Washington. Professor
Frost told me that he was a wonderful observer, making as many as 60 measures in a
night,

Professor Barnard uses the 40-inch on one and a half nights per week in miecro-
metric measurements of the positions of the satellites of Jupiter, Saturn, Uranus and
Neptune, in a triangulation of the principal star clusters and in several smaller
miscellaneous pieces of work. I was with him a couple of nights while he was observ-
ing with the 40-inch, and I could not help but admire the systematic way in which he
set about his work, the quickness with which the measures were made and recorded,
and the way in which the instrument was handled to obfain the maximum amount of
work. He took the greatest pleasure in showing me objects which would exhibit the
great power of the object glass, but owing to the invariably poor seeing we were
unable to get a fair test of its capabilities.

Mr. Parkhurst, during the time of my visit, was measuring the brightness of the
satellites of Saturn, on the 40-inch, with one of the Harvard type of comparison
wedge photometers, in which an artificial star is brought to equal intensity with the
real star by means of a photographic wedge. The 40-inch is used one night a week
for photometric work by Mr. Parkhurst, who also uses the 24-inch reflector and the
12-inch refractor for the same purpose.

Mr. Jordan, for half a night per week, makes photographs of a narrow zone, near
the equator on plates 8 x 10 in size, guiding by means of a double slide plate carrier
and a guiding eyepiece at the edge of the field. These plates which are exposed for
about an hour each to get stars of the 12th or 13th mag. are sent to Kapteyn, who
is having them measured in accordance with a regular scheme for the determination
of stellar parallax.

Mr. ¥Fox, who had just returned from Potsdam, after a year spent with Hartmann,
has charge of the solar work at the Yerkes, and makes a daily photo and spectro-
heliogram of the sun’s surface. He is at present measuring the spectroheliograph
plates in an attempt to determine the period of the solar rotation. The position of
the spots and flocculi are determined by the projection of the negatwe on a globe ruled
in degrees. The negative is first reduced to about 2 inches in diameter, and this is
strongly illuminated by an arc lamp and condensing lens and its image is projected
on the globe by an objective of 12-inch diameter, and the same focus as the 40-inch
objective. In this way the photograph of the sun is projected upon the globe in the
same way as if it were the actual image, and its pole can be placed at the correspond-
ing position of the sun’s pole and the position of spots or flocculi estimated to tenths
of degrees. Xt is, however, questionable whether as much accuracy cam be obtained
by this method as by measuring in polar coordinates and reducing, but it is certain
that the former takes only a small fraction of the time.

The spectroheliograph works on a similar principle to that at Mount Wilson, but,
owing to the fact that it is attached to a moving telescope, it cannot be used in exactly
the same way, by moving the instrument as a whole across the fixed solar image and
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in front of a fixed photographie plate. The spectroheliograph, which is a heavy piece
of apparatus, weighing some 700 pounds, is attached rigidly to the telescope tube, and
after the instrument is adjusted, the telescope clock carrying tube and spectrohelio-
graph at the solar rate, the sun’s image is made to drift across the slit, which is set
east and west, by the slow motion electric motor in declination. A small shaft coming
down the tube communicates a similar motion to the sliding plate holder and plate,
which is moved at the same rate across the second slit as the sun moves across the
first slit. The instrument, though from its nature not so simple and efficient as the
M¢t. Wilson spectroheliograph, gives excellent results. The photoheliograph is simply
a plate holder, having in front a sliding shutter containing a narrow slit placed so
that the plate is in the prime focus of the 40-inch. Process plates are used, and the
objective is diaphragmed to about 23 inches aperture, the exposure being given by a
slit about 3%0-inch wide, moved across the plate by two strong springs. Here also
very good definition is secured, though the colour curve of the 40-inch objective at the
part of the spectrum for which process plates are sensitive is very steep, and the
difference in focus for the extreme limits to which the plate is sensitive must be in
the neighbourhood of 8 inches. However, stopping down the objective must so
diminish the angle of the cones of light that the resulting aberration must be within
the limits of visibility so far as photographic resolution is concerned; indeed a simple
calculation will show that the lateral aberration for a longitudinal aberration of 1%
inches would be about %oo-inch, and this is not of much account in ordinary solar
definition. As, however, only the extreme limits to which the plate is sensitive, \4600
to A4000, would have that amount of aberration, and as the sensitiveness of the plate
at these limits is much less than at the centre, the resulting aberration would probably
not exceed one-half of that stated above, and would certainly not be in-evidence in
solar definition.

Considerable time is required to change from spectrograph or micrometer to
spectroheliograph, and the whole operation of making the change and exposing the
plates occupies about an hour. I was with Mr. Fox while this operation was being
carried through, and was much interested in watching the various steps of the process.
The changing from one attachment to another is much facilitated by the special
carriages holding each instrument which can be wheeled up to the telescope, placed in
a certain hour angle and declination with the rising floor in its highest position, and
readily attached to the tube. Every device possible for minimizing the labour of
changing and adjusting has been adopted, rendering the process quite safe and easy.
After the change has been made and the tube rebalanced, the declination slow motion
motor is attached to the plate holder carriage by a shaft running down the tube,
which is easily connected to another shaft on the spectroheliograph, which by suitable
gearing drives the plate at the correct speed.

Mzr. Fox kindly showed me many spectroheliograph plates, some of which were
not excelled by any on Mt. Wilson, but taken as a whole the latter are probably
superior. Some very interesting examples of calcium flocculi were seen, and the
method of obtaining the solar rotation period from some of the more persistent of
these flocculi, which maintain their form and position for a longer time than sun
spots, was explained. Mr. Fox also gave me an account of some of his work with
Dr. Hartmann, of whom he speaks in the highest terms, and I was particularly
interested when he spoke of Hartmann’s new spectrocomparator, and the new type of
spectrograph camera lens.

The two-foot reflector with which Ritchey made his beautiful nebula pictures is
in the east dome and is at present being used chiefly for photographic photometry
by Parkhurst, the determination of stellar light intensity by the diameter of the photo-
graphed image. Parkhurst is obtaining excellent results by this method, but it seems
to be applicable chiefly to reflector images. He is at present working on a new method
of photometry by the measurement of the density of extra-focal dises. In this method
a photographic doublet objective is used and the plate moved a few millimetres out of
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focus. The result is that the star light is spread out into a disc and the density of
this dise will depend on its diameter, the length of exposure, and the brightness of the
gtar. Here, however, there may be difficulties as regards the behaviour of the photo-
graphic plate to light of different intensity. The relation between the light action
and the resulting capacity is not a simple one, and what is worse for this case, is
not even a constant one, so that before satisfactory results can be obtained consider-
able photographic investigation must be carefully carried out. Mr. Parkhurst has a
Hartmann microphotometer for measuring the opacities of these discs, but owing to
faulty centering of the Luminer Brodhum cube there is overlapping of the images
and consequent loss of accuracy in its use.

I bad a long talk with Prof. Barnard over the stellar photographic lens question,
and T was also much interested in seeing some of his magnificent results with the
Bruce telescope, obtained at Mt. Wilson last year. As pictures of the Milky Way,
they are unexcelled and he is now hoping to get satisfactory heliogravures made for
reproduction. In the Bruce telescope he has found a very satisfactory instrument,
and one very convenient in use. It consists of three photographic cameras of 10-inch,
6-inch and 23-inch aperture, respectively, attached to a 5-inch visual guiding telescope
and equatorially mounted on a bent column to allow of passing the meridian at high
altitudes without reversing. The field given by his objectives is not as large as that
given by our Brashear 8-inch, but the definition at the centre is perhaps a little better.
I had taken with me three negatives by our 8-inch lens of an hour’s exposure each, with
foci differing by 3™®, to see whether Barnard was still of the opinion he had previously
expressed, viz.: that I had been using the lens with the plate too far within the focus.
However, when he saw the negatives, he admitted that the focus was correct, but that
the large star images at the centre were due to a penumbra around the image that
only showed with fairly bright stars, with faint stars it was not visible, and with those
very bright it had become fully exposed, and thus much increased the diameter of the
image. Such a penumbra is not visible in the images given by his objectives and the
extra wide field in ours is probably obtained at the expense of residual chromatic
aberration. In talking with Dr. Brashear and Mr. McDowell on this question, they
stated they were certain it was not spherieal aberration and they could only explain
it as due to chromatic effect. I lefit the plates with them to show to Hastings to try
and determine the cause.

Prof. Barnard thinks that this penumbra should be got rid of, even at the
expense of diminishing the field, but I ¢an not say that I entirely agree with him.
It seems to me that it depends upon the purpose for which the lens is to be used.
For pictorial work and for star positions the wide field seems to be an advantage,
though the penumbra from the spreading of the light will cause the loss of the fainter
stars. Hence if the purpose is to get a limited field of the faintest possible objects, then
this resultant aberration should be cured, but if it can only be cured with sacrifice
of field, it seems to be preferable for most purposes to let it remain as it is, especially
as the seeing here is rarely transparent or steady enough to attempt very faint objects.

The Bruce telescope is mounted in a small building in front of the observatory,
and quite elose to Professor Barnard’s house, and every fine night that this indefatig-
able worker is not using the 40-inch, he is at work with the Bruce, photographing
parts of the sky where he has not as yet obtained photographs which he deems wholly
satisfactory. Amnother branch of photographic activity he follows energetically when-
ever opportunity offérs, is the photographing of comets, and he has obtained some
beautiful negatives of the more conspicuous of the recent comets. He suggested this
as a useful application of our photographic doublet, and advised it being mounted
separately with a guiding telescope inm a similar manner to the Bruce.

I also had a talk with Mr. Wallace, the photographer at Yerkes, who is carrying
on two or three lines of photographic investigation. The most important of these is
the relation of the temperature during exposure on the sensitiveness of the photo-
graphic film. He was led to this investigation by the experience of Professor Frost
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in spectrographic work, who found that the exposure time in zero weather was much
less, nearly 50 per cent, than in summer, although possibly part of this may be due
to the greater transparency of the air in winter. Wallace claims to have definitely
proved that plates are much more sensitive to light action at a low than at a high
temperature. This seems in direct contradiction to the general law of increase of
chemical action with increase of temperature, which of course holds when development
takes place. So far as Wallace’s experiments have gone, however, they seem to
substantiate his theory, and he was only waiting for winter weather to finally complete
his tests.

He is much interested in the tests of colour sensitiveness of photographic plates,
and is an ardent advocate for this purpose of the transmission grating, as opposed to
the prism, on account of the normal speetrum given by the former. Indeed he is so
strong a believer in the advantage to be gained in accuracy and the standardization
of results by the use of the former that he is making, and presenting to everyone
likely to use such an article, replicas of one of Rowland’s plane gratings, which give
very fine spectra.

He has devised a very simple spectrograph for testing plates in which this grating
is used and in which at any time a plate may be tested without any setting up
or adjusting of apparatus. His laboratory is well supplied with sensitometers, photo-
meters and other appliances for investigations in photography, and such work is a
very useful adjunct of a modern observatory, in which a large part of the work
depends upon the application of photography.

The workshop and optical shops in the basement of the observatory are well
equipped for instrument work, but are evidently not so much used since the departure
of Professor Ritchey for Pasadena. The spectroscopic laboratory, also in the base-
ment, is well suited for general spectroscopic investigations, although naturally not
so well arranged and equipped as the one on Mt. Wilson, which is a further develop-
ment by Prof. Hale, and a model of convenience.

“The spirit of the staff of the Yerkes observatory, like that of Mt. Hamilton and
Mit. Wilson, is one of enthusiastic devotion to their chosen profession. Every member
works enthusiastically along his own line of research and there seems to be a unity
of interest among all, which is a tribute to the kindliness and tact of the director.
The three large observatories I visited, the Lick, Solar and Yerkes, seem alike
fortunate in their directors, as well as in the personnel of their staffs, and their success
and the amount and quality of work done is in a large measure due to the harmony
and good feeling which exist in all three.

My thanks are due to every member of the staff at Yerkes for their efforts to make
my visit a pleasant and profitable one, but especially to the director and to Professor
Barnard. To Professor Frost for the assistance and advice in spectrographic matters
and to the insight into their methods of work he so willingly afforded me, and to
Professor and Mrs. Barnard for their hospitality and efforts to make my visit a
pleasant one.

Allegheny Observatory.

Leaving Yerkes on Wednesday morning, September 19, the afternoon was spent in
Chicago, and I left in the evening for Pittshurg, reaching there the next morning. I
immediately went to the Brashear instrument works and renewed my acquaintance
with Dr. Brashear with the greatest pleasure. The morning was profitably spent in
discussing various optical problems of interest with him and Mr. McDowell, especially
those relating to the field of the photographic doublet they made for us and the
optical parts of our new spectrograph. I saw the prisms and the new single material
camera lens and pointed out to Mr. McDowell the necessity for enlarging the rear
element to prevent cutting off part of the pencil, which contention has since been
justified. T spent considerable time during my stay in Allegheny in their shop, as it
was considerably more interesting than the observatory, which has ag yet hardly made



REPORT OF THE CHIEF ASTRONOMER 67

SESSIONAL PAPER No. 25a

more than a start at astronomical work. They were not at the time of my visit
engaged in any large optical work, but were expecting orders for several large
objectives and mirrors. Dr. Brashear, whom I found the same whole-hearted, kindly
gentleman and his good wife, did their utmost to make my visit to Allegheny a
pleasant one. Dr. Brashear took me up to the observatory and introduced me to
the director, Dr. Schlesinger and to Dr. Curtiss, and with them we inspected the
various interesting features of the observatory. Since my previous visit to Allegheny,
the Keeler Memorial telescope has been completed and mounted, and spectrographic
work is now being carried on by Dr. Curtiss. The whole telescope, mirror and mount-
ing, was made by the Brashear Company, the design of the mounting being due to
Wadsworth, and is, so far as I can learn, a very satisfactory instrument. It is
arranged in the cassegrainian form for spectrographic work, the spectrograph being
placed below the mirror. The spectrograph is a single prism instrument of Curtiss’
design, constructed by Brashear, the form being somewhat similar to the remounted
Mills, except that it is of a triangular instead of oblong form, with angles of approxi-
mately 120°, 30° and 80°, the prism being near the obtuse angle, and the two adjacent
sides of the box which, in this case, is of brass, instead of steel, form the collimator
and camera tubes respectively. The instrument is attached to the reflector similarly
to the new Mills at two points of support, one near the centre of gravity of this box
consisting of a pivoted axis passing through the box, its ends being moveable in guides
for placing the slit in the star focus, the other consisting of a cylindrical bearing con-
centric with and forming the slit end of the collimator tube moving in a collar attached
to the same truss which carries the guides above mentioned. Thus the spectrograph
proper is self-contained and held without any constraint by its supports. This form
of instrument should be the least liable to flexure difficulties, but how it behaves in
that respect I do not know. It had only been in operation a short time, and owing to
their having no measuring microscope, no plates had been measured, so no idea of its
effectiveness and accuracy could be obtained.

The form of mounting there adopted, which admits of changing the position of
the slit by the movement of the whole spectrograph rather than of the collimator tube
only, is necessary for reflectors owing to the rapidly changing positions of the star
focus with change of temperature of the mirrors, this frequently requiring the focus
to be changed during an exposure. If the collimator tube only were moved there
would be great danger of some systematic displacement of the lines, but this cannot
occur in the movement of the instrument as a whole.

The method of attaching the spectrograph to the reflector quite close to the
mirror is convenient, on acecount of the slight change of position necessary for the
observer in guiding. It makes no difference, of course, in the flexure, which depends
only on the angular motion and not on the motion of translation of the spectrograph.
The spectrograph, when in use, has a close-fitting outside wooden case, lined with felt,
and the spectrograph itself is covered with felt on the outside to smooth down
irregular temperature changes. German silver wire is coiled around on the felt on
the inside of the case, and the current is turned on and off these coils by an electric
contact thermometer in conjunction with a relay. Dr. Curtiss informed me that he
preferred to have the heating coils uniformly distributed over the case rather than
trust to convection currents to distribute the heat from coils in one part of the case,
and in this contention our own experience with the heating of the new spectrograph
bears him out.

The dome is arranged to be turned by electric motor, and this much diminishes
the labour of the observer, as the hand motion does not work very easily. Besides this
reflector, only the 18-inch refractor belonging to the original Allegheny observatory
is mounted. While I was there the steel work of the dome for the 80-inch refractor
was being erected. Dr. Brashear, to whom the new Allegheny observatory owes its
existence, as it is by his efforts and influence that the money was obtained to build
and equip it, had just secured sufficient subscriptions to complete the dome and
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equatorial mounting for the 80-inch refractor, and had hoped to have it in operation
in 1906. When, however, they started to polish and figure the crown and flint discs,
which had been ground some time previously, it was found that the glass was not
sufficiently homogeneous to make a perfect objective, and they were obliged to reject
them after putting $5,000 worth of work on them. Besides this severe loss to the
Brashear Company, it necessitated delay until other discs could be obtained, as
frequently a long time is required to obtain perfect discs of so large a diameter as 30
inches.

Wadsworth’s plans for the new Allegheny observatory were very ambitious, and
lay chiefly along the line of solar research, which he claimed, and nght]y, to be the
work most suited to the smoky atmosphere of Allegheny county. It is also, I believe,
the purpose of Dr. Schlesinger to undertake solar investigations as soon as the
necessary equipment is obtained. In the meantime radial velocity work with the
Keeler Memorial and the one prism spectrograph is being carried on as continuously
as the weather will permit.

In Drs. Schlesinger and Curtiss, the observatory possesses two able men, and
should maintain the high reputation already attained under Langley and Keeler.
The kindness extended me by these two gentlemen made my visit to the observatory
a very pleasant one, and the opportunity of discussing with Dr. Curtiss the spectro-
graphic problems we had previously corresponded about, proved very helpful. I cannot,
however, close this short description of my visit to Allegheny without expressing my
appreciation of the kindness of Dr. Brashear and his family. For encouragement
and helpfulness in the commencement of my astronomical work, I, like many other
astronomers, already owed him more than it is possible to repay, but he always seems
to be glad to add to such a debt, and my present visit was mo exception to the
rule.

Washington.

In Washington, which I reached on Sunday afternoon, September 23, T had three
places to visit, the Bureau of Standards, the Naval observatory and the instrumental
branch of the Coast and Geodetic Survey, and as my time was getting short, my visit
to each was necessarily hurried.

The Bureau of Standards I found a most mterestmg place, and well worthy of
a much longer visit than I could afford. As it is a comparatively new institution, I
found it equipped with the very latest apparatus for measurements of the highest
precision, installed in buildings especially adapted for their particular purposes.

The director of the bureau, Dr. S. W. Stratton, has succeeded in obtaining a most
capable staff of physicists to carry on the work of the institution, and it promises fo
play a most important part in the scientific and technical activities of the United
States. Its main purpose is, I presume, in accordance with its mame, to furnish
standard measurements of all physical quantities whenever required, either for
scientific or commercial purposes, but with that, if we are to judge by the bulletin
issued, is combined much original investigation of the highest rank.

I found on reaching the Bureau on Monday morning that the director, to whom
T had a letter of introduction from Dr. Brashear, was not in the building, and I was
conducted to Dr. Rosa, chief of the electrical branch, who, after showing and explain-
ing the very complete electrical equipment for the measurement of resistance, capacity,
self-induction, current, potential, &ec., introduced me to Mr. Fischer, who has charge
of the linear measurements and the standards of length.

This branch of the work, in which I was particularly interested from its appli-
cation in the scales and screws of astronomical measuring engines, was thoroughly
shown to me by Mr. Fischer who took great pains in making me acquainted with
everything of interest. The various comparators employed for standardizing scales
with the auxiliary apparatus for ensuring the highest accuracy of measurement were
first shown, and these were followed by the unlocking of the vault containing the
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primary standards of length of the United States. Mr. Fischer’s description and short
history of each of these standards was very interesting, and one could easily spend
a day at this branch of the Bureau’s work alone. The underground passage in which
steel tapes are standardized also possesses much of interest on account of its appli-
cation to our surveying work.

The engineering department and the machine shop, which is completely equipped
with separately motor-driven machine tools and where a number of machinists are
continually employed, was next visited. Another interesting branch of the work was
the photometric laboratory, where all the most recent apparatus for the measurement
of light intensities is installed, and where much valuable research on photometric
problems has been undertaken.

The spectroscopic laboratories under Drs. Nutting and Coblentz were also of much
interest to me. Dr. Nutting, who has done considerable work on line structure, kindly
showed me the complex nature of some of the mercury lines by an echelon spectro-
scope. A useful wrinkle obtained here, was the employment of a special transformer,
using ordinary alternating current for spark work, rather than an induction coil.
Dr. Coblentz also showed me the spectroscope and appliances used in his work on
infra-red emission and absorption spectra.

There were many other interesting departments in the bureau which T had not
time to see, but which would be well worth an extended visit.

The Naval Observatory.

The Naval observatory is situated in the same section of the city as the Bureau
of Standards, and is only a short walk from the latter. The group of buildings com-
prising the observatory is s1tuated in extensive and well kept grounds, and the white
buildings with the green surroundings make a pleasing picture.

The acting superintendent introduced me to Professor Skinner, who has charge
of the work done with the equatorial telescopes, and he showed me around the’
buildings, introducing me to the various officers. The most interesting parts to me
after the equatorials, were the time system and the meridian circle work. The time
system is not so complete as ours, and although they possess a Riefler sidereal clock,
the means for the maintenance of constant temperature are primitive compared with
the complete system installed by Mr. Stewart. However, they propose to move the
standard clocks into a separate building, where pmumably, a better system of tempera-
ture control will be installed. They have many ingenious arrangements for the
comparison of clocks and chronometers, which is in the Naval observatory, a very
important part of the work. All the chronometers of the navy are rated here, and
there are always a large number of chronometers under regulation.

The meridian ecircle work is an important part of the observational work, and a
great deal of useful work in that line has been done at Washington. The meridian
circles are placed in separate buildings of galvanized iron with azimuth marks about
100 yards distant. A travelling-wire micrometer for the Warner and Swasey
meridian circle, also made by Warner and Swasey, had just been received, but had
not yet been attached to the instrument. Tt looked a very workmanlike micrometer,
and had for the contact wheel, instead off the usual hard rubber, one of glass with
inserted platinum strips for the contacts.

The twenty-six inch equatorial is placed in a separate building, which, besides the
dome, contains two or three offices for the observers. The object-glass by Clark,
was originally provided with a mounting by the same firm, but this has since been
changed to one of Warner and Swasey’s, which, like all their mountings, is very
convenient and efficient. The equatorial room has a rising floor moved by hydraulic
pressure, and this is a necessary and most useful adjunct to a refractor of over 18 or
20 inches aperture. The work done with this telescope is, so far as I know, whelly
micrometric and consists chiefly in measurements of the positions of satellites of



70 DEPARTMENT OF THE INTERIOR

7-8 EDWARD Vili., A. 1908

the planets, of the minor planets and of comets. The smaller equatorial in the main
building is used in the same line of work. :

I had an opportunity of observing on Monday night, the character of the image
given by the 26-inch and of the quality of the seeing at Washington. At every
observatory I visited I had examined the appearance of the image within and without
focus as well as at the focus. Theory calls for the appearance of the central dise
and rings to be nearly the same outside as inside the focus. This is not the case with
the Ottawa instrument, where the appearances within and without focus are somewhat
different. However, an examination of every telescope I saw, the 36-inch Lick, the
924-inch Lowell, the 40-inch Yerkes, the 26-inch Naval and the 18-inch Flower, gave
appearances almost identical or at any rate quite similar to that seen at Ottawa. A
single exception was the 12-inch Clark objective at Mt. Hamilton, whose figure,
according to Professor Campbell, is almost absolutely perfect, and which gave almost
identical appearances within and without focus. Whether the zonal differences of
focus, which presumably are the cause of this dissimilar appearance of the extra focal
images, are sufficiently great to affect the quality of the image at the focus (so far as
regards visibility and separating power) is questionable, for each one of the objectives
mentioned above is considered to be of the very first quality, and they all have
separating power up to their theoretical limit. Every one of these except the 18-inch
Flower and the 15-inch Ottawa, which are by Brashear, are of Clark’s figuring. The
Brashear objectives, however, are by no means inferior, as Professor Eric Doolittle has
been able to resolve double stars even under the poor ‘atmospheric conditions of
Philadelphia, of a separation considerably within the theoretical limit for an objective
of 18 inches aperture. This shows that the figure must be so nearly perfect that the
light is concentrated within the centiral dise, and into the central part of this dise in
a manner equal to that called for by theory, and this would not be the case if the
outstanding zonal aberrations were of any appreciable magnitude.

In this connection it may be of interest to recount an experience of Dr. Brashear
in this line, which he told me along with a wealth of other experiences and incidents
in connection with optical work. This was in connection with an objective of moderate
aperture, I think about 6-inch, which he made for a certain purpose, and which
required it to be of as perfect a figure as possible. The objective was completed and
tested by Dr. Brashear and Mr. McDowell, and sent to the purchaser. The sending
of course meant, as every one who has had an experience with Dr. Brashear’s methods
knows, that the objective was as good as could be made. However, a notification was
shortly received that the objective would not answer, that the appearance of the extra
foecal images was not the same, and that the figure was therefore not perfect. To
satisfy both themselves and the purchaser, they therefore figured a second objective
of the same size as the first, so that this condition of similar extra focal images was
satisfied, and sent this one to the purchaser, asking that the two be carefully compared
and the best one kept. Shortly afterwards the one giving similar extra focal images
was returned.

The old Clark mounting of the 26-inch, which had lain around the observatory
for many years, has recently been utilized by Professor Peters of the staff, for the
mounting of one of Brashear’s photographic doublets for stellar photography. The
method of driving of the old Clark has been ingeniously modified by using an electric
motor for furnishing the driving power, the governor being used to control the action
of this motor. Although it makes a curious looking mounting, I am told that it works
very efficiently, and answers admirably for the purpose for which it is used, photo-
graphing the minor planets.

Coast and Geodetic Survey.

I had not much time to spare, but looked up Mr. Fischer, head of the instrument
division of the survey, whom I had previously met in the inspection of boundary
monuments. He very kindly showed me around the building, introducing me to the



REPORT OF THE CHIEF ASTRONOMER 71

SESSIONAL PAPER No. 26a

heads of the various branches, and I had a very pleasant time there. Although the
instrument shop is by no means modern, and the machine tools look considerably out
of date, they are able to turn out work of the highest class and in considerable
quantity. The principal instrument they were then engaged on, was & machine for
computing and predicting the tides. Theéy are at present using a small one of
a limited number of elements, the purpose of the machine, being of course, the
synthesis of the components of the various causes that go to form the tide of any
place. The residuals between the computed and actual values though not large, will
probably be considerably diminished by taking account of further influences, and the
machine is being made to use up to about three times as many elements as the old.
Both the principle and the mechanism are rather complex and the workmanship
required is of the very highest order, so that the machine will probably require some
time to complete.

Mr. Fischer also showed me their instrument room, in which, however, at that
time very few instruments were in stock, nearly all being in use in the field. Another
interesting room was that containing the circular dividing engine, which is used for
graduating the circles of their surveying instruments. Although not a new machine,
it gives accurate graduations, and the details of its working were of much interest.
I also obtained from Mr. Fischer many interesting items of instrument construction,
such as the methods of working and use of invar, aluminum bronze and other special
structural materials.

The Flower Observatory.

Philadelphia was reached on Tuesday evening about six o’clock, and after register-
ing at the hotel, an attempt was made to locate the observatory. It was a curious
indieation of the relative importance of astronomy in the average business man, when
I found it impossible, either at the hotel or anywhere in the neighbourhood, to find
the location of the Flower observatory, one person indeed directed me to a horti-
cultural pavilion in one of the parks in which was a tower for overlooking the city.
The difficulty may be partly accounted for by the observatory being in one of the
suburbs. I was finally driven to calling up, by telephone, a leading educational man,
I forget his name, and obtaining the desired information from him.

I reached the observatory about nine o’clock and, thanks partly to the kindness of
Dr. Brashear, who had written of my coming, I was most kindly received by the family
of Professor Chas. L. Doolittle, the director, who was himself observing with his
reflex zenith telescope. Dr. Eric Doolittle, who came in shortly after I arrived, showed
me the 18-inch equatorial of the Flower observatory, which he uses in measurement of
the position angle and distance of double stars. He has already published two
volumes of his measures, which are recognized as of high accuracy. He speaks in the
highest terms of the quality of the 18-inch Brashear objective, and of the convenience
of the Warner & Swasey mounting.

On the next day the director showed me the whole observatory, which, besides
the equatorial and reflex zenith telescope, is fitted up for the use of the students of
astronomy in the University of Pennsylvania, this observatory being the headquarters
of the astronomical department. The work of the director in latitude determinations
is well known, and his explanation of the special instrument he uses was of much
interest. I spent the balance of the day in his library in the discussion of various
iiisl::ron.omical matters of common interest, including the requirements of astronomical

raries.

In this connection, T may mention that at all the observatories T visited, T paid
Bpec':ial attention to the libraries and obtained a good idea from them and from the
various librarians of the character of the astronomical publications of which we are
most in need, and these needed books and publications we are now obtaining as rapidly
as possible. Undoubtedly the most complete astronomical library is at the Naval
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observatory, but the Lick has a good working library, and is considerably ahead of
the Solar and Yerkes in that respect. It has, of course, been much longer established
and, moreover, the funds at the Yerkes available for additions to the library are
extremely limited.

I spent the short time I remained in Philadelphia very pleasantly at the Flower
observatory, and I retain very pleasant memories of the kindly nature of my reception
and entertainment.

Harvard College Observatory.

I reached Boston early on Thursday morning, and at once went to the Harvard
observatory, where I was kindly received by Director Pickering, and shown the nature
and examples of the work, especially along the photographic line, done there. As at
the Lick and Yerkes, photographic reproductions (generally in the form of transpar-
encies which are frequently enlarged) of the most characteristic negatives obtained in
their work, are collected in a large room at the observatory. There are some very
fine examples of almost every kind of astromomical photography in this collection,
which is a most interesting and instructive one, and I spent considerable time in
study and comparison of these examples. The director also showed me their store-
room, containing thousands of star negatives, a complete history of the sky for
several years back. It is not once only, but several times, that the usefulness of this
collection has been proved as corroborative evidence of Ilater discoveries and this
usefulness will by no means diminish as time goes on. He then introduced me to
Messrs. Wendell, Gerrish and King, who each, during my stay, were most kind in
showing me everything of interest in their particular lines.

Besides the continuous photography of the sky which is being carried on by
several equatorially mounted cameras on every clear night, the most important work
carried on at Harvard is stellar photometry, and the quantity of this work turmed
out is wonderful. The director and Professors Bailey and Wendell are those chiefly
engaged in it, and many different types of photometers have been and are employed
in this work.

The director uses a comparison wedge photometer, the original form of those sent
out to different observatories including the Lick and Yerkes and still makes many
observations. The photometer is used in connection with an egquatorially mounted
mirror, which reflects the starlight in a horizontal direction to the photometer eye-
piece placed at a convenient: height for the observer seated in an ordinary chair.
An assistant finds and sets on the stars which according to a well arranged programme
are close together in the sky, and records the settings of the wedge while the observer
has only to make the settings. In this way measurements are made very quickly and
a great deal of work can be done in a night. Professor Pickering told me that he
had completed his millionth setting some time back, which is quite a record. The
quickness and accuracy with which the settings were made would have been more
surprising if one had not reflected that upwards of a million previous observations
had given the observer considerable practice and experience.

Professor Wendell, who took great pains in showing me his method of observation
does his work with the equatorially mounted refractor, of 15 inches aperture, which is
mounted in the main observatory building. Instead of, as the director, comparing
the star with a variable artificial star he compares two stars close together in the
sky by means of a polarizing photometer. In one form, which is used for stars very
close together, a double image prism forms two images of each star, and the com-
parison is made by the equalizing of the intensity by the rotation of a Nichol prism.
The other form of photometer follows exactly the same principle, except that stars
at a much greater distance may be compared. A pair of prisms, whose distance may
be varied at will, are inserted up the tube of the refractor, and these bring the two
images close together in the eyepiece, where they are analyzed as before.
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Professor Wendell claims by this method to work to hundredths of a magnitude
and its applicability to periodic variables is evident. The varigble may always be
compared with the same standard stars near it, and results strictly comparable with
one another obtained. During the night I visited the observatory, he was measuring
the intensity of some planetary satellites. He showed me the light curves of a
number of variable stars, the intensities being determined by the method above
deseribed.

A third method of determining the magnitudes of stars is a photographic method
in which the intensity of the star images on negatives are compared. By this method
a great many variable stars in different star clusters have been discovered, and it
promises to give very fruitful results. Not the diameters of the images are measured
as in the method described by Parkhurst,* but their intensities are compared.

Mr. Willard P. Gerrish, to whom many of the ingenious and original mechanical
devices employed on the telescopes are due, showed and explained to me the method of
mounting the Common 60-inch reflector. The weight of the moving parts is counter-
balanced by the upward thrust of water in which the large hollow polar axis turns.
The image is sent by auxiliary mirrors upward along the prolongation of the axis
into the eyepiece in the observing room. All movements of the telescope are by
electric motors, and the measures of these motions, both in right ascension and declina-
tion, are communicated by endless tapes into the observing room where the graduations,
which are placed on the tapes themselves, are read through windows in a board
side by side, beside which are the switches for the setting motors. The arrangement
is most ingenious and convenient, and will permit the required observations to be
made with the maximum comfort of the observer, which is essential for the best
results.

Mr. Gerrish also explained to me the contrivances by which the equatorial move-
ments to which the various cameras are attached, are driven in synchronism with the
sidereal clock. By altering the rate of the clock slightly and changing the adjust-
ment of the axis, the following may be made to correct for refraction over a sufficient
range to prevent any drift of the images on the plate. Many other interesting
features of the observatory especially relating to the photographic side of the work
were shown to me, but my whole visit was too short to obtain the greatest benefit from
the many interesting features.

Conclusion.

Perhaps the most pleasant part of my visit to these observatories was the
opportunity afforded of making the acquaintance of many of the most noted astron-
omers of the country. I can only say that I found every one willing in every way
to give me help, advice, and the benefit of his experience. It would be, I am
sure, impossible to meet in any profession a more companionable or genial class of
men, and I carry with me the recollection of many pleasant hours of congenial inter-
course. The actual practical benefits from such a trip can hardly be estimated, as
one obtains therefrom confidence in himself and his work, knowledge of how best to
attack the problems in hand, and the benefit of the experience of others in the smaller
details of the work which are never published and which can only be obtained by
actual contact and converse with the workers.

THE NEW SPECTROGRAPH.

As outlined in last year’s report, the Brashear Universal spectroscope was
modified to obtain satisfactory velocity determinations, until a modern spectrograph
designed solely for that work could be constructed. My experience with the Brashear
instrument had been of service in pointing out what features were desirable and

* Astrophysical Journal, Vol. XXIII, page 79.
25a—6
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what undesirable in a spectroscope for purely radial velocity work, and I set myself
the task of designing an instrument which could be used with both high and low
dispersions and which, with the limitafions of size and weight imposed by the size
of the telescope, would be as efficient and accurate as possible.

In this task I did not scruple to avail myself of the most suitable parts of the
designs of other spectrographs, and I am indebted especially to the various Brashear
spectrographs, and to the Bruce spectrograph of the Yerkes observatory for many of
the details of the instrument. Nevertheless, the groundwork of the design and many
of the details are new and were developed from a consideration of the requirements,
and from a knowledge, founded on experience, of the essential features in the design
of a spectrograph for radial velocity work.

The requirements for this instrument may be briefly summarized as follows:—

1. The entire weight with temperature case and all attachments must not much
exceed one hundred pounds, which limits the spectrograph proper to about fifty
pounds.

2. To prevent as far as possible differential temperature effects, the spectrograph
should be constructed of one material

8. Facility of construction and smaller differential changes of focus with
temperature, make brass and bronze preferable for this purpose.

4. The design of the instrument to be such that no direct bending stress shall
be applied to any part, but all stresses due to its weight and attachments to a moving
telescope, shall act in the direction of extending or compressing members of the
framework.

5. The spectrograph to be so devised that it may be used with equal facility
with one or three prisms and with linear dispersions of from 60 to 10 tenth-metres
per millimetre,

6. The importance of constant temperature in spectrographic work requires
an automatic thermostat arrangement for maintaining the temperature constant
within 0-1° C.

Many other smaller matters looking towards the convenience and accuracy of
its working might be mentioned, but such details will appear in the deseription.

The Optical Parts.

The angular aperture of the telescope, 1 to 15, determines that of the collimator
whose length therefore depends on the aperture of its objective and of the prisms.
In choosing the dimensions of the latter, I was guided by the experience of others.
Frost found difficulty in obtaining homogeneous prisms with an effective aperture
of 51mm, The Mills spectrograph has prisms of-38™m, while the Potsdam, Bonn,
Pulkowa and Lowell have prisms of about 80™® aperture. The use of large prisms
permits a greater slit width for equal purity of spectrum, and, as my work with the
correcting lens has shown, this is a decided advantage as regards exposure time.
Considering this advantage on the one hand, and the greater absorption and greater
weight of prisms and mechanical parts for large prisms, as well as the possibility of
nonhomogeneity of the material on the other hand, the size decided upon was 35™%,
which fixed the length of collimator at 525,

The glass chosen for prism material was the dense flint (O —102) of the Jena Glass
Works, which has been used on all recent spectrographs. It has high dispersion
with remarkable transparency, and is probably the best prism material at present
available. The dimensions of the prisms necessary to transmit the full pencil depend
upon the angle of incidence, and this will in turn depend upon the deviation of the
central ray and the index of refraction. The wave length of the central ray, that at
minimum deviation, was chosen at A4415 as making the best compromise between
the shortness of exposure required at A4500 with the better quality of the spectrum
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for measurement around Hy. For mechanical reasons the total deviation of the
three prisms was taken as 180°, and this required a prism angle of 63° 45°. For
convenience of reference, the formulae required for obtaining the most suitable
dimensions of the optical parts will be collected together here.

Let o = angle of prism.
8 = deviation.
a = aperture of collimator.
I =length of side of prism.
t,= thickness of refracting edge.
t,= thickness of base of prisms at limiting positions of the pencil.
1 = angle of incidence.
r = angle of refraction.
p=index of refraction.
f = focal length of camera.
0 and s = angle and linear distance between . ny iwo disperszd rays.

Then at minimum deviation

., a+d a
i=—g r =75 (1)

. a+d a
sin 5= p sin —- (2)

a+d \

! = asec ) 3)
t,—t,=2 a sin %seci 4)
d6_do du
dr"dp dx (6)

[/}
do S a . R 2 2 (6)
——= 2 gin 5seci= = d
e P viwa g M
Using Hartmann’s simple interpolation formula for the prismatic spectrum
A=A+ -c,u where (D
[}
¢, A, and #, are constants we get
dp c
o SR ¢ R T ~ (8)
The resolving power R and purity P, are obtained from the following relations:
X de_ do
R=(t, — ¢, T 9
ds_ .dé .R_R iR
(Ti_fﬂ_f;—?whereﬁ__a (10)
A

where d =slit width and ¢ = angular aperture of collimator.

These are all the formulae required for determining the optical constants of a

prism spectrograph.
925a—6}
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The constants of the particular melting of O —102, from which the prisms were
figured, as furnished by the makers, are as follows:—

Wave Length. Index of Refraction.
-00006563 1-6413
-00005893 1-6467
-00004862 1-6603

From these values applied in the interpolation formula above given, we obtain
the three constants.

A, = -00002190.
e l- 611486.
c = 6-115595.
and from these constants the following indices of refraction and the j i for each
wave length were at once obtained by substitution in the above formulae (7) and (8).
d
Wave Length. Index of Refraction. —a:—.
4862 1-6603 1829
4650 1-6667 2343
4415 1-6701 2636
4342 1-6721 2822
4102 1-6796 3490
4000 1-6833 3983

We have now sufficient data to caleulate the required angles of the prisms, the
length of their sides, and the resolving power. From formula (2) we obtain ¢ = 63°
44-5" for a deviation for \4415 of 60°. The prisms, however, were made of an angle
of approximately 63° 50/, and this gives a deviation of 60° 10-6’, therefore, from
(4) t,—t,=2x3-5 sec 62° & sin 31° 55"

="7-89 cms. for one prism.
= 23-66 cms. for three prisms.
The length of a side of the prism from (8)
1=28-5 sec 62° 0-3.
=7-46 cms.

Owing to the dispersion and consequent spreading of the pencil, the three prisms
were made with sides 75, 80, and 85™™ long, respectively, and of 40™= high. While
the separate prism for the single prism attachment was made of the same dimensions
as the first one above.

In order to obtain any desired linear dispersion within the range of the instru-
ment, three camera objectives of 525, 875, 250™® focus, each of 45™™ aperture were
ordered from the Brashear Company, but of these only the long focus one has yet
been supplied. The problem of obtaining a satisfactory camera lens, one that will
stand the eritical test for definition and flatness of field required in spectrographic
work, is a difficult one and involves greater difficulty for short focus, large angular
aperture lenses than for long focus. But I will speak more particularly concerning
camern lenses when I come fo describe the tests of the instrument. Here it may be
of interest to give the resolving power, the purity of the resulting spectrum, and the
angular dispersion together with the linear dispersion for each camera when the
three prisms are used.

These values were computed by formulae (9), (10) and (11) above.
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1 LiNEAR DISPERSION
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— - 025 *0375 05 075 525 375 250 c-l-)\
4862 43260 9770 7130 5534 3843 15°4 216 323 25°5”
4550 56420 11885 8533 6656 4623 122 17°1 256 327”7
1416 62350 13058 9358 7292 5059 107 150 22'5 367"
4340 66750 13790 9874 7690 5456 99 139 20°8 §9-3”
4102 82550 16304 11634 9046 6259 81 11-3 17-0 486"
4000 94210 18234 12994 10093 6979 70 98 147 565"

As each of these values for a single prism is exactly one-third of the above, it
is evident that at Hy we may obtain values of the linear dispersion from about 10
to 60 tenth-metres per mm. Tt is also evident, taking for granted the relation between
glit width and exposure time obtained in the investigation on the ‘star image’ given
below, that there is need for an investigation into the most efficient form of spectro-
graph—one with low dispersion and long camera, or one with high dispersion and
short camera. The same purity of spectrum may be obtained in the latter case with
a slit upwards of three times as wide, and hence, even allowing a very large margin
for the greater absorption and reflection, the exposure time should be much less. It
is proposed, as soon as the two shorter focus cameras are obtained, to make a
thorough investigation of the above problem with reference both to early and solar
type spectra.

The Frame ofl the Spectrograph.

Considerable thought was bestowed on the design of the frame of the instrument
a8, owing to the limitation in weight, it was necessary to choose as self-contained,
compact and rigid a form as possible. To my mind, the most important point in
the design was to adhere as closely as possible to the simple direct truss form, so
that all stresses induced by change of position of the telescope act along the members
of the frame. Thus any flexure will only arise by the actual extension or compression
of the parts and not by any lateral bending. The design of the Brashear instru-
ments was used as a guide with the difference that, in the triangular, tubular, tripod
form of frame, the three tubes were brought much closer together, entering at the
prism box into a well braced solid casting and, there almost touching the collimator
tube. This is shown in the photographs, figs. 1, 2 and 3, in which the same letters .
are used throughout to designate different parts. They are indeed so close together
that for all practical purposes they may be considered as meeting in a point, and no
bending of the casting can alter the position of the line of collimation. This casting
A,. is continued to act as the base of the prism casting, and the support of the
objective end of the camera in the three prism form, and its outer end, which is
generally unsupported in other spectrographs, is rendered very rigid in every direction
b;’ the diagonal truss B B, which begins at opposite ends of a diameter of the upper
ring casting H, continues past the end of the casting A, to which it is rigidly fastened
by screws, and again is united almost at a point by a rigid oblong casting C. When
the spectrograph is used with a single prism the camera passes close to the end of
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this truss to which it is firmly united with a rigid tie D. The convergence of these
two tubes prevents any lateral motion, and evidently motion in the other direction
can only take place by actual extension or compression of the tubes. This diagonal
double tubular truss is an essential feature of the design, and serves two purposes—
first to stiffen and render practically invariable in position the outer end of prism box
and inner end of camera when used with three prisms, and second, to act as a tie to
the outer end of the camera«when used with a single prism, preventing motion of the
camera both tangentially and laterally.

For the same reason that at one end of the tripod shaped iruss the tubes are
brought as close together as possible, at the other end they are separated as far as
possible. The spectrograph truss is made comparatively short in order to be compact
and self-contained, and is attached to the solid casting at the eye end of the equatorial
by what may be called the telescope truss.  This is, as shown, composed of two ring-
shaped castings, the lower one E, to which the spectrograph proper is attached, the
upper one. F, fastened to the telescope, united by three tubes which in the normal
position of the spectroscope form prolongations of the three tubes of its frame. The
upper ring which is of the full outside diameter of the end casting of the telescope, is
attached to the latter by three swivel bolts at the outer edge of the ring and radial
with the three tubes. The lower ring has a depression turned in it into which a
corresponding elevation on the spectrograph ring fits, thus admitting of turning in
any desired position angle. Three clamps G G, also radial with the tubes, admit of
rigidly fastening in any desired position. Thus, as stated above, when in mnormal
position, the three tubes are practically continuouns from the end of the collimator to
the end of the telescope tube, forming an exceedingly rigid truss, while at the same
time the spectrograph can be freely rotated and is entirely self contained and
compact.

Ag previously stated, in order to prevent differential expamnsion with change of
temperature, the spectrograph should be made of one material, and brass was chosen
for the purpose, both on account of greater facility of construction, and to avoid,
as far as possible, change of collimator and camera settings with change of tempera-
ture, it being a well known fact that the expansion of a brass tube more nearly
compensates the change in focus of the usual type of lenses than iron. To obtain
as much stiffness as possible, hard drawn tubing was used for the truss and the
castings were of aluminium bronze, which is much stiffer than ordinary bronze or
gun metal. The patterns were deeply ribbed, giving the maximum of strength with
the minimum of weight.

In the collimator section of the spectrograph, the three inclined tubes are 1}
inches in diameter, of heavy gauge and are very carefully fitted into their bearings
in the ring H and prism base casting A. These of course, form with the diagonal
tubes B B, of 1 inch diameter the essential part of the truss, but considerable
stiffness is added by the heavy central tube 2 inches in. diameter, in which
the collimator tube moves, and by the tube I, 1§ inches diameter, which
carries the comparison apparatus, slit diaphragm, and guiding telescope. After
this section had been put together, it was placed between the lathe centres, the
axis being the line of collimation, and the upper face of the ring and the lower face
of the prism base casting were turned off perpendicular to this axis and perfectly
true, ensuring perfect collimation in any position angle, and giving at the lower end
a true surface to work from. The telescope truss was similarly constructed and
trued, the tubes, however, in this case being of steel, 1} inches in diameter, as, since
this is independent of the spectrograph, no temperature effect need be feared.

Prism Casting and Cells.

As the photographs, figs. 3 and 4 show, both the prism .castings and. the cells
are made very substantial in order to prevent any relative motion of the prisms with
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Fic. 1.—Spectrograph—Three prism arrangement.
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PLASKETT—ASTROPHYSICS.

Fi¢. 2.—Spectrograph—One prism arrangement.
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PLASKETT—ASTROPHYSICS,

F1e. 3. —Spectrograph with side of prism box removed.
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respect to the rest of the instrument. The braced form of the prism castings for
both single and three prisms, together with the amount of metal present, not only
effectually prevents any flexure, but also adds considerably to the rigidity of the base
casting to which they are firmly screwed. The prism cells are made in one piece,
well ribbed for stiffness, and the outer edges, near the refracting edges of the prisms,
are connected by a carefully fitted rod J of brass. The prisms are fastened in the
cells by gentle pressure produced by three screws pressing on a plate on top of the
prism, a piece of blotting paper being placed between glass and metal on both sides.
To ensure the maintenance of the prisms in the correct position, narrow brass strips
are screwed to the base of the cell abutting against the prism, and preventing it from
shifting. Thus only enough pressure need be exerted by the screws to prevent loose-
ness, and no effect on the definition need be feared.

The Collimator.

The collimator objective, made by Brashear, is of Hasting’s triple ¢ Isokumatic’
construction, of 35™™ aperture and 525™™ focus, and is mounted in a tube of 1% inches
diameter, about 19 inches long, which moves by rack and pinion, the position being
read on a scale, over a range of about 80™™ in the central 2-inch tube. This movement
is to allow adjustment for any change in the star focus due to temperature changes,
or changes in the correcting lens. The collimator tube, when adjusted, is firmly
clamped within the central tube at both ends to avoid any chance of displacement. It
is bushed at the upper end to 1} inches internal diameter to receive the slit tube, and
this bush can also be firmly clamped on the slit tube, when the .adjustment of the
collimator focus is completed. The slit, which was very satisfactorily made for us
by Brashear, has inclined, 3-5°, reflecting, speculum metal slit jaws. In accordance
with my specifications, the edges of these jaws were brought to a sharp edge instead
of being left, as has frequently occurred, about half a millimetre thick. I feared in
such case a possible displacement of the spectral lines, owing to uncertainty in position
of the effective slit aperture, and corresponding uncertainty of the camera focus. The
slit tube is graduated in millimetres and is provided with a tangent screw K, for
adjustment in position angle, to enable the lines to be made exactly perpendicular to
the length of the spectrum, which allows greater convenience and aceuracy in measure-
ment. The interior of the collimator tube is thoroughly diaphragmed to prevent
reflections,

The Camera.

Up to the date of writing, only the long focus 525™™ camera objective has been
completed and consequently only the one camera has been made. As the objective is
not achromatie, but composed of two separated single elements of the same glass, light
crown, the plate has to be tilted, 5-5° for the three prisms, 16-5° for the single prism,
and the camera requires a somewhat different construction from that usually followed,
where the tilt is only two or three degrees. This, as is clearly shown by the photo-
graphs, consists of one cylinder L, to which the camera back is attached, capable of
rotation in a second M, which is attached to the tube, through an angle of some
30°. The inner cylinder is graduated and can be firmly clamped in any desired
position by clamp screws on the axis of rotation, as well as on the sides of the eylinder.
Besides this motion of rotation, the camera back N, into which the plate holder slides,
can move transversely some 15™ on ways, and can be rigidly clamped in any desired
position. This motion has been found very convenient, as it allows any number of
spectra up to 10 or 12, to be made side by side on the same plate, for comparison in
focussing, or for other purposes. The plate holders slide in ways, and are securely
fastened down to the same focal plane every time by a pair of clamp screws so that no
chance for displacement occurs.
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The camera tube, 3 inches in diameter, is made in two pieces, the plate holder
end, about 6 inches long, attaching to the objective end, about 15 inches long, and
firmly secured with six steel screws well shown in fig. 4 The purpose of this is to
enable the camera end, which is troublesome to make, to be used with objectives of
different focal length, each fitted into a tube of the required length, some 6 inches
shorter than the focus. A pair of large clamp screws both at top and bottom of the
camera section, serve to firmly clamp the tie braces D D to the camera. With the long
focus camera, the lower screws are used, but with the shorter focus, the upper ones
will be required. The objective end of the camera tube is attached to a flanged casting,
which is fastened in turn to the prism base casting when three prisms are used, or
to the prism casting when a single prism is used, by four screws, and can consequently
be quickly and easily attached and detached. This flanged casting is bored out to
receive the 23-inch tube about 17 long, containing the two crown lenses, one at each
end. This objective tube is focussed by a rack and pinion, the settings being read on
a scale with vernier to tenth millimetres, while a clamp screw allows it to be rigidly
fastened at any desired setting.

The Plate Holders.

The design of the plate holders was changed from the usual type, in which the
plates are supported at the ends only, as tests had shown that successive plates did
not occupy the same position with regard to the camera back. Experience with the
Brashear spectroscope had shown the necessity of accurate camera focus, for a position
of the plate only 0-1™™ from the focal plane would, under the presumption that the
distance between the cenires of intensity of star and comparison light on the colli-
mator and camera objectives is only 5™, cause a displacement of the spectral lines
equivalent to a velocity of 1-8 ™ per second. Such a displacement of the starlight can
under the present condition of the correcting lens easily oceur, as it is impossible to
obtain uniform illumination of the camera objectives, and an almost unnoticeably
non-central position of the star image on the slit causes a displacement of the centre
of intensity to a greater extent than 5mm, :

Even if this were not the case, the importance of accurate focus from the stand-
point of definition would be a sufficient incentive to any improvement in the methods
of obtaining and maintaining it. With the original design of plate holder, any
differences in curvature in the successive plates used would change the position of the
sensitive surface and, even if one plate were in accurate focus, the next might be as
much as 0-1™m or even more in front of or behind such position. Hence the new
plate holders were designed so that the plates are supported as close as possible to the
measurable portion of the spectrum. This is effected, as shown in the photograph, fig.
4, by opening the plate holder in the middle similarly to the English book form, placing
the plate face downward, resting on a raised portion at the edge of the opening—
13=™ wide and 76™™ long—in the front half of the holder, which is closed by the usual
slide. On closing down the back of the holder, a spring presses the plate firmly on
this projection. The raised portion consists of two strips at each side of the opening
each sbout 50™™ long, and no curvature in the glass can in this case cause any
appreciable deviation of the sensitive surface, as the spectrum is nowhere more than
6™ from the support. Great care was taken that, in each of the four holders, the
distance of the strips from the front surface, which, is clamped against the camera
back, is exactly the same, and this was ensured by taking a light cut over the surface
of the strips on each holder after they were finished, the setting of the milling machine
remaining unchanged throughout. The size of plate used is 27 x 8}” and the opening
in the front of the holder and in the camera back allows a spectrum three inches long
and any width up to half an inch to be photographed.
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The Guiding Arrangement.

Guiding in the old spectrograph was effected by the starlight transmitted through
the slit and reflected from the first surface of the first prism into the guiding telescope.
The image could be maintained central, only by keeping it at maximum intensity,
and this is not easy, except with stars of about the 8rd magnitude. With brighter
stars the image appears too large, and with fainter it is difficult to see. Hence, in the
new spectrograph, it was decided to use the light reflected from the slit jaws for
guiding, and I am indebted to Prof. Frost’s spectrograph for the idea of combin-
ing the two methods and using either at will. I did not, however, after obtaining
the opinion of other spectroscopists, consider it necessary to use symmetrically inclined
slit jaws, for, though unexceptionable in theory, they offer difficulty in practice and
introduce complication in uniting the separate images in the guiding telescope. When
it is considered, that even in an ordinary inclined slit, the edges of the two jaws,
when closed and when open to any width, are always in the same plane perpendicular
to the line of collimation, and that the parts of the jaws away from the edges have .
no action on the light transmitted through the jaws, it is not likely that any error
can be introduced by using the simpler form. In order to be able to guide by trans-
mitted light, the guiding telescope must be in line with the light reflected from the
front prism surface, and must hence make an angle twice the angle of incidence, or
124° 06", with the optical axis of the collimator. In order to get the reflected light
from the inclined jaws in the same direction, a system of right angled prisms and
mirrors must be used. The foundation of the guiding system is a brass tube T, 13"
diameter, parallel to the collimator tube, with a distance of 2§” between centres, and
of approximately the same length. At the lower end, this tube carries a box O into
which, at the proper angle, the bent guiding telescope P is attached, and which contains
a mirror moveable on a pivot at one end into the proper position to reflect light coming
down the tube, and which can be turned out of the way of light coming from the prism
surface when desired. Into the upper end of this tube slides a second tube R, moved
by rack and pinion, and firmly fastened in any desired position by a clamp screw.
This carries at its upper end an oblong box S, about 6 inches above the slit, projecting
over it, but not far enough to intercept any of the starlight. Within this box at the
outer end is a right angled prism, which receives the starlight reflected from| the
inclined jaws and sends it horizontally to a second prism placed over the centre of the
tube, which, in turn, reflects it downward through the tube to an achromatic objective
of 1 inch aperture and 10 inches focus. This lens is placed at its focal distance along
the optical path from the slit, and sends a parallel pencil down the tube to the mirror,
and thence into the guiding telescope. By simply turning the mirror, guiding can be
done by the light transmitted through the slit opening or by the part of the light
reflected from the polished surfaces of the jaws. It may be stated that guiding is
almost entirely performed by the second method, although the first is useful for deter-
mining the zero slit opening and for examination for dust, &. The bent guiding
telescope can be rotated to any angle, and thus allows a comfortable position for
guiding in any position of the telescope. There is very little loss of light in the optical
g;u‘ts;; and one sees the whole slit and diaphragm mechanism as well as if observed

rect.

The Comparison Apparatus.

.The Principal requirements for a serviceable comparison arrangement are con-
venience in use and permanence of adjustment. Owing to the change in star focus
with change of temperature and to the corresponding change in slit position, the
upper part of the guiding attachment, the comparison apparatus, and the diaphragms
in fro:at 9£ the slit for limiting the star and spark light must be moveable vertically,
and this is effected very conveniently in the present instance by attaching them to the
moveable tube R, in the upper part of the guiding tube I. A stop on the lower part of
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the diaphragm is brought almost into contact with the slit head and all three attach-
ments are then in the correct position.

The arrangement of the comparison apparatus is well shown in the different
figures and, by swinging between centres in the end of the box containing the guiding
prisms, can be turned down always into the same position ready for use, or up out of
the way of the starlight, being held there by a spring catch. There are four sets of
spark terminals mounted in a drum-shaped arrangement, Fe, Fe—-V, Ti, and Cr, and
any one of these is brought into position and adjustment by rotating the drum, the
position being determined and the contact made at the same time by clamping a pair
of screws. A small condensing lens, mounted in a tube below the terminals and in the
axis of collimation, serves to form an image of the spark on the slit, a uniform
illumination of the collimator lens being further ensured by a piece of ground glass
in the upper end of the tube about a centimetre below the spark gap.

In the old spectrograph, the iron spark was used for a comparison spectrum, and,
as is well known, gives, when no self induction is included in the circuit, many air
lines and conmsiderable continuous spectrum as well as the purely metallic spectrum.
The continuous spectrum considerably diminishes the sharpness and contrast of the
lines, and settings cannot be so accurately made. When the new spectrograph was
brought into use, a plate condenser containing 36 plates about 10 inches by 12 inches
in size, arranged so that either 12, 24, or 36 plates could be used as desired, was con-
structed and placed in parallel across the spark gap to intensify the spark, replacing
the Leyden jars which were continually breaking down. A coil of self induction, con-
sisting of 100 turns in three layers of heavy rubber insulated No. 12 wire, wound on
a hollow cylinder, into which iron can be placed if required, was also constructed and
placed in series with the spark gap. The air lines and continuous spectrum, even with
iron which causes more trouble than titanium or iron-vanadium, were then entirely
eliminated. A test of the most suitable spectrum led to the choice of iron-vanadium as
the lines, although not so plentiful between A4600 and Hg, are much more suitable
between \4400 and the extreme violet than in the titanium spectrum. In our single
prism work, lines are needed all the way from Hg to K, or even lower.

The Slit Diaphragms.

From experience with the old spectrograph the necessity of absolute independence
of slit head and diaphragm arrangement was impressed upon me, and in consequence
the attachment T, containing the diaphragms, was fastened to the sliding tube R,
above mentioned, and does not touch the slit head or collimator tube at any point.
Moreover, as star and comparison spectra are always made of practically the same
width, the trouble entailed by an adjustable diaphragm, which is always getting out
of adjustment and in which the edges of the tongues are not at right angles to the slit
and are thereby objectionable, was obviated by using a fixed diaphragm with an opening
on one side 0:25™™ wide for the star spectrum, and two openings 1-0™= wide separated
by 0-35™2 for the comparison spectrum on the other side. This slides, in ways parallel
to the slit, into a small carriage which is moved transversely to the slit between stops
by a pair of knurled wheels whose rotation through about 40° brings in one direction
the star window, and in the second direction the comparison windows directly
over and within a half millimetre of the slit. These separate windows are
adjustable laterally so that the star spectrum can be made exactly central
with regard to the comparison spectrum, and this adjustment when once effected
is permanent. If different widths of spectra are required, or different widths of
windows for the same width of spectrum, as will be the case when camera objectives
of different focal length are employed, separate slides, which are easily constructed,
are made for each. In this way the diaphragm can be changed in two or three seconds
and always be in correct adjustment and position. All that is necessary in changing
from star to comparison spectrum is to turn one of the knurled wheels above mentioned
as far as it will go (about 40°) and push down the comparison arrangement, the whole
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not occupying more than a couple of seconds, while a reversal of this process changes
back from comparison to star spectrum. During the whole exposure of star and com-
parison neither slit nor collimator tube is touched, nor can any pressure be exerted on
them by the above changes, and furthermore, the star spectrum is always centrally
situated between two equally exposed symmetrical comparison spectra, thus increasing
the accuracy and convenience of measurement.

Method of Focussing.

The method of focussing the camera was fully described in the last report, and
need not be referred to here, except to state that it is determined by observing the
relative displacement of the lines of adjacent spectra, one made through the half of
the camera lens and prisms near the refracting edge, and the other through the half
near the base. The slit diaphragm used for this purpose has slits of such width that
three spectra each, 1™ wide are made side by side and in contact, the centre one
through the refracting-edge-half and the two outside ones through the base-half of the
prisms. Thus the displacement or non-displacement when in focus of the lines, can be
at once accurately determined by mere inspection. A small opening is made in one
side of the prism box, directly underneath the collimator, into which a half circle
diaphragm slips and which can be turned to occult either half of the collimator lens.
Thus by inserting this diaphragm and the proper slit diaphragm, and making two
or three exposures on the same plate, the camera being moved transversely in the ways,
as previously described, the focus can be accurately determined to 0-05™® in less than
5 minutes. This is done on practically every evening the instrument is used and
ensures, with the new form of plate holder, almost absolute accuracy of focus, at least
within considerably less than 0-1mm

Automatic Temperature Control.

In accurate spectrographic work, the importance of constant temperature of the
prisms and of the metal parts of the frame wotk can not be overestimated, as poor
regulation is very likely to introduce systematic displacements of the spectral lines,
which in extreme cases may amount to several kilometres per second. If, for instance,
just before the comparison spectrum is exposed, the heating current be turned on for
two or three minutes, so that the temperature within the case rises one or two degrees,
this being quite possible with hand regulation, the expansion of the metal parts may
displace the position of the comparison lines, and, if the heat is then turned off,
without similarly affecting the position of the star lines. Some experiments made
with the single prism attachment of the new spectrograph where, owing to the
extended nature of the frame the effect would naturally be large, showed a displace-
ment of the lines in adjacent spectra,—one made when the temperature had been
stationary for some time, and the other when the heat had been on for five minutes
with a rise of temperature of 1-5° C. in the outer case,—of 0-005™™ equivalent with
the low dispersion employed to about 1052 per second. Moreover, some of the spectra
obtained with the Brashear spectroscope show much broadened comparison lines, more
80 than can be accounted for by flexure, probably due to poor temperature regulation.
Some of the measures also show variations from the expected result of greater amount
than can be normally accounted for.

Considerable thought was therefore expended on the question of temperature
control, and the method used by Hartmann for the Potsdam spectrograph with modi-
fications in the arrangement of the heating coils, was finall$ adopted as giving the
simplest and most practicable solution of the problem. In this method the temperature
is automatically controlled by a pair of electric contact thermometers disposed with
their long curved bulbs, one on each side of the prism box. One of these with its
accompanying guard to prevent accidents is shown at U, The capillaries, of about half
a millimetre bore, rise one on each side of the guiding tube to which the scales and
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supports are firmly attached. The capillaries are open at the end to admit the platinum
wires whose positions are adjusted to any desired scale reading by rack and pinion.
A platinum wire sealed into the lower end of each capillary forms the second contact
and each of these are connected in series with a 8300 ohm relay and a couple of dry
cells, a spark coil of about 1,500 ohms comnected across the gap preventing any
oxidation at the mercury surface due to excessive sparking. The scale readings are
large, 1° O, occupying a space of about 2-5™ and thus a difference of temperature
around the bulbs, which, owing to their large surface quickly respond, of considerably
less than 0-1° C causes contact to be made or broken and the relays to act, breaking or
making the heating coil circuits.

The outside temperature case, seen in fig. 5, which is constructed of sheet
aluminum lined throughout and all the joints broken with felt to prevent rapid
conduction and loss of heat, completely encloses the whole spectrograph and is firmly
attached by screws to the three clamps by which the spectrograph is fastened to the
telescope truss. Thus the spectrograph can be rotated in position angle and attached
to or detached from the telescope without removing the case. The removal of a few
screws, however, allows the case to be detached from the spectrograph. Windows to
read the prism box thermometer and the electric contact thermometers with doors to
admit to the focussing screws, &c., are provided in the sides of the case wherever
necessary. It is also arranged with a removeable extension for use with the single
prism,

The heating coils are composed of No. 28 German silver wire wound on thin
wooden frames and, to prevent accidental contacts and short circuiting, the wire is
single silk covered. At first the coils were limited to a single large coil on each side
of the case opposite the prism box, as in Hartmann’s arrangement, but it was found
that, as the temperature outside fell, the temperature in the prism box thermometer
dropped about 0-1° C. per hour, even though the heating arrangement appeared to be
working perfectly, and although resistance was cut out of the circuit to meet the
increased demand. Tt appeared that this fall in temperature could only be due to the
fact that the heating coils were directly opposite and close to the thermometer bulbs
and that, although the temperature remained constant at the bulbs and around them,
in the other parts of the case it diminished, causing by conduction, &c., the drop
observed on the thermometer with its bulb inside the prism box. The application of
the guards of bright sheet metal between coils and bulbs advocated by Hartmann,
did not do much to remove the difficulty, and moreover, the sensitiveness of the control
was much diminished, the time of response of the thermometers being lengthened from
about half a minute with moderate heating current, to two or three minutes, thus
introducing, to my mind, greater danger of systematic error than the gradual drop
before referred to. Additional coils were then inserted to practically cover the two
sides of the case and this seemed to remove the greater part of the trouble, for, although
there is a slight fall in the prism box thermometer when the room temperature
diminishes, if the heating current is turned on when the room is at maximum tempera-
ture, this soon ceases and the temperature then remains constant. Althougl.l the
heating coils are disposed as symmetrically and uniformly as possible, there is no
doubt that stratification and non-uniform temperature occur in different parts of f:he
case, and, when the telescope is changed from one star to another, this may give rise
to some changes in temperature in different parts of the case. This change .of position
of the spectrograph is avoided as much as possible by rotation of 180° in position
angle whenever the teléscope is moved from one side of the pier to the other, the
spectrograph being always used with the camera above the collimator. 2 But the only
certain remedy for stratification and local inequalities of temperature is gome means
of stirring the air inside the case. This will entail some difficulty in arranging, owing
to the limited space available and to the necessity for keeping the weight .af: & minimum,
but it is hoped before long to instal some such device, the most promising appearing



PrLASKETT— ASTROPHYSICS.

Fi6. 5. —Spectrograph ready forswork.






REPORT OF THE CHIEF ASTRONOMER 85

SESSIONAL PAPER No. 25a

to be to place the heating coils in an external case and by means of a fan to force
the air through the spectrograph case over these coils, the current in which is turned
on and off automatically.

The arrangement of the heating curcuits is very convenient and all connections
can be made and the heat turned on in a few seconds. A neat box seen in fig. 5, con-
taining the two relays, connected with the two thermometers, each of which controls
the coils on its own side of the spectrograph only, two dry cells for actuating the
relays, and a variable resistance for altering the amount of heating current is placed on
the south side of the telescope column about six feet from the floor, entirely out of the
way of all moving parts. The eight wires, two to each thermometer and two to each
side of the heating case, lead from binding posts, properly connected to the relay,
battery and resistance terminals inside the box, up the south end of the column and
then loop across to the inner side of the tube below the declination axis and down to
the eye end. Here they are connected to plugs in three hard rubber blocks which, when
shoved into corresponding jacks in the top of the spectrograph and the two halves of
the case, complete all the necessary connections, while the relay and heating currents
are turned on by a pair of knife switches below the relay box. The wires from the
terminals of the induection coil follow the same course up the column and down the
tube and there are hence no wires whatever running across the floor to be tripped over
or short circuited. The loop in the wires, which are here bound together by tape, from
the top of the column to the tube is just sufficiently long to allow free movement of
the telescope into every position and can never get in the way or become entangled in
any of the moving parts. If it should occur that the spectrograph can not be attached
to the telescope when the temperature control is required, a second set of eight wires,
leading from the same terminals on the top of the box, end in a similar set of plugs
and contact can be completed with the spectrograph in any part of the room in exactly
the same way as before. When these wires are not in use they are coiled up out of
the way. Two further conveniences are the ten step adjustable rheostat on the relay
box allowing the heating current to be varied to suit the difference between internal
and external temperatures, and the miniature electric lamps on the top of the relay
box in series, one with each of the heating circuits, and showing, by its glowing, when
the heat is applied.

It is the custom here, on the nights when the spectrograph is to be used, to place
the control in action about 4 p.m., when the temperature in the dome is about its
maximum and, if the thermometers are set at this temperature, one may be reasonably
certain that the prisms will be in a steady state when observing is commenced, and
moreover the initial fall in temperature above mentioned, will have occurred and a
constant temperature will be maintained for the balance of the night. Indeed the
whole temperature regulation works so well that it requires no attention whatever,
while any defect or interruption of its action would be indicated in any case by the
cessation of the intermittent lighting or extinguishing of the small lamps, which occurs
every few seconds. Owing to these very short intervals and to the small range of
response less than 0-1°, the temperature within any particular part of the case must
remain very nearly constant. Moreover, the tubular portions of the truss, including
the camera, are covered by a layer of felt to completely smooth out any remaining
irregularities and ensure no differential expansions during the period of exposure.

General Mechanical Construction.

Before describing the adjustment and tests of the optical parts of the spectro-
graph, a few words may be appropriately said in regard to its construction. With the
exception of the slit head, for which the reflecting jaws could not be made here, the
whole instrument was constructed by the mechanician of the observatory, Mr. Alex.
Mackey, and I cannot speak too highly of the quality of the workmanship. It is
constructed throughout in the best manner, and reflects the greatest credit on his skill.
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Considering the amount of work on such an instrument, it was finished in a remarkably
short time, and we may consider ourselves fortunate in having so able 2 mechanician.
Our thanks are due to the Brashear Company for the high quality of the optical parts,
and for their endeavours to supply us with a wide field camera objective. They have
been successful with an objective for use with the single prism which gives the whole
visible spectrum in good focus, but have not so far succeeded in making an equally
good one for use with three prisms. They hope, however, to golve the problem and to
construct an objective that will meet all requirements as to field. If such can be
obtained, it will much increase the amount of observational material without increasing
the time of exposure as, with a camera lens giving 8° of field instead of 2-5° the
usnal limit, three times the length of spectrum is measurable and this is a decided
advantage in the case of stars with few lines.

Adjustment of Prisms.

Although presumably the bases of the prisms are perpendicular to their refracting
edges, I did not know that any special care had been taken to make them so and felt
that it would be safer to adjust them so that all their surfaces would be perpendicular
to the plane passing through the optical axis of collimator and camera. As the base
of the casting A had been turned perpendicular to the plane in question, and, as the
bases of the prism castings were milled exactly perpendicular to their sides, the
procedure adopted was to lay the castings on their sides on a thoroughly levelled
surface plate after the prism cells had been screwed in place, and made as true as
possible, and then to place each prism in position on its cell and observe the reflected
image through the telescope of a transit, placed in the same horizontal plane. If the
reflection of the object glass of the telescope in the polished surface of the prism
appeared central with respect to the cross wires, it was presumed that the surface was
in adjustment, but if not the cell was shifted on the casting, the bearing parts being
filed or scraped where necessary, in order fo bring both refracting surfaces truly
vertical. After this had been done for all four prisms, the fixity of position was
ensured by pinning the cells to the base castings so that in case of removal, they
would always go back to the same position.

Focus of Collimator.

The focus of the collimator was determined both by Schuster’s method and by
Hartmann’s extra-focal method. Schuster’s method, which is well known and was
described in last year’s report, gave a value of scale setting of 10-8 as the focal
position of the slit, with a probable error of between 0-1 and 0-2. The collimator was
taken out of the spectrograph and a small photographic plate was held securely with
its sensitive surface against the widely opened slit, a piece of tissue paper being inter-
posed to prevent scratching. The collimator was held in the brackets of the small finder
on the equatorial and a diaphragm with a couple of small holes, near opposite ends
of a diameter, was placed over its objective. Several extra-focal exposures were made
on a star and the measures of the resulting negatives gave a focal setting of 10-6. This
is in very close agreement with the value by Schuster’s method, as, owing to the thick-
ness of the tissue paper and the wide separation of the slit jaws, the plate would
probably be at least 0-1™® from the plane of the edges and the extra tenth millimetre
would readily be accounted for by the lower temperature under which the Hartmann
method was used. The collimator setting was therefore fixed at 10-8. After the
prisms had been adjusted for minimum deviation at }4415, which was done in the
usual way by an observing telescope, the slit was so adjusted in position angle by the
tangent screw K that the lines were exactly perpendicular to the length of the
spectrum. This adjustment was obtained by trial photographs, and when finally
correct the slit was firmly clamped in place. It may be mentioned here that the
deviation of A4415 was found to be for the three prisms about 180-5° instead of 180°,
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but the difficulty was overcome by slightly inclining the camera towards the collimator
80 as to bring A4415 central. This is due to the prisms being ordered in round numbers
with a refracting angle of 63° 50’ each, instead of the slightly smaller computed value
and possibly to some of them being of a greater angle even than that.

Tests of Camera Objectives.

As previously mentioned, three objectives each of 45™™ aperture and of 526, 375
and 250™m focus respectively, were ordered from the Brashear Company, with the
proviso that the extent of flat field, within 0-1™™®, should be as great as possible, about
8° if obtainable. The field previously obtained from the best triplet objectives does
not exceed about 2° 80’. A more recent objective made by Zeiss for Hartmann accord-
ing to the latter’s plan, of the same material as the prisms, the spectrum being obtained
in focus by inclining the plate, gives a flat field of 14°. This is considerably greater
than needed, as with three prisms about 8° is all that can be obtained without losing
go much light at the edges of the field, due to vignetting of the beam, as to be quite
useless for star spectrograms. One of these objectives was later ordered from the
Zeiss Company, and has recently been received and the result of its test is given below.
T therefore suggested to Dr. Brashear that they try to make us some objectives after
this plan, and he transmitted the problem to Hastings. The latter did not believe there
was anything of value in the idea of using the prism material for the objective, but
preferred the plan of using crown glass of the lowest dispersion, separating the two
elements and obtaining flatness by introducing oblique astigmatism, which will
evidently not affect the sharpness of the spectral lines.

An objective made after this plan was received from the Brashear Company, and
as soon as the prisms and collimator were mounted, was tested for field, both with the
prism train and with a single prism.

The form of the field was obtained by a modification of Hartmann’s method of
testing objectives® which is also practically the same method as used here in obtaining
accurately the camera focus. Hartmann’s method uses small apertures and extra
focal measurements and gives better results when used at some distance from the focal
plane, while in the method used here the two images of spectral lines are obtained side
by side, one through the front and one through the rear half of the camera objective,
by means of a suitable diaphragm and the best measurements are obtained when close
to the focus as then the lines are well defined. The displacements, though small,
correspond to a distance of only two or three-tenths of a millimetre from the foeal
plane, and consequently accidental errors of measurement of the displacement only
introduce small errors, in general considerably less than 0-1™™, in the position of the
focus. A great advantage of this latter method is that the form of the field can be
determined quite accurately without any measurement or computation whatever, by
simple inspection of the displacements with a hand magnifier. As is well known,
either of these methods will only give accurate results when the optical system of the
spectrograph is free from aberration, and results so obtained should be checked by
other methods. This was done in these tests by making a series of spectra at foci
differing from one another by 0-1™™®, gide by side on the same plate, through the full
aperture of the system, and judging the position of best focus by comparison of the
definition. As the two methods, so far as could be judged by the definition test, gave
identical position of the focal plane, it is evident that the results obtained may be
used with confidence.

The diaphragm used is inserted just below the collimator lens and is in the form
o.f a semi-cirele, which, revolving around its diameter allows, in one position, a semi-
circular Qencil to pass through the refracting edge, and in the other through the base
of the prism and through corresponding portions of the camera objective. When two
spectra are made side by side, one through each position, the displacements of the two

# Ztscht. fur Instrumentenkunde, Jan. 1904,
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parts of any line gives by its magnitude and sign the distance and position of the
foeal point for that line, and hence the focus for any part of the spectrum can be
obtained and the form of the field determined.

Four objectives were tested.

1. The Hastings-Brashear, single material 525™® focus;

2. The same with enlarged rear element;

8. The Hartmann-Zeiss Chromat of 525™® focus;

4. The Ross Homocentrie 10 inches focus.

In each of these cases double test spectra as above described for positions within
one millimetre on each side of the focus were made, the displacements were measured
and the focal positions computed by similar triangles according to Hartmanns’ method.
These positions were plotted on cross section paper and a continuous curve drawn
through them gives the form of field. In fiz. 6 are shown,

(4) Curve for No. 1 with single prism from D to \3800

(B) Curve for No. 1 with single prism from A5000 to )\3800.

(0) Curve for No. 1 with three prisms from \4862 to )\4102.

(D) Curve for No. 3 with normal separation of the elements.

(E) Same with elements in contact.

(F) Same with 1-5™ increased separation of elements.

(@) Same with 2-25™® increased separation of elements.

The Hastings-Brashear objective is composed of two positive elements of light
crown glass, separated from one another a distance of about one-third the focal length.
As there is no correction for colour, the plates have to be inclined towards the violet
about 5-4° when used with three prisms and about 16-4° with single prism. 'This
objective, as curves (4) and (B) show, gives almost ideal results with a single prism,
the field being almost absolutely flat over the whole range of spectrum obtainable, and
would probably extend considerably farther on each end if mecessary, There is a
portion about ) 4700 where the focus is about 0-2™™ ghorter than the rest, this being
probably due to differences in the ratios of dispersion of the prism and objective
material, but, as this comes in a position where there are practically no available
star lines and as the deviation is very small, it is unimportant. The angular field
between D and ) 3800 is about 6°, but there is no doubt that the flat field extends
considerably farther on each side. However, for stellar spectroscopy, owing to the
steepness of the colour curve of the objective and correcting lens to the red of Hpg,
and to the violet of He, to the diminished sensitiveness of the plates in these regions,
and to the increased absorption of the glass and of the terrestrial and stellar atmos-
phere beyond He, the usable portion of the star spectrum is limited to the portion
between H3 and K and no field beyond that is required. Hence this objective has been
adopted for work with the single prism and gives admirable results. It has a further
advantage that owing probably to the combination of inclined field, increased disper-
sion, with increase of temperature, and to the use of a brass camera tube, the focus
is practieally invariable under all conditions of temperature so far observed.

When, however, the same objective is used with three prisms the field is by no
means so satisfactory. As shown in curve (C) it is flat in no place but forms a con-
tinuous curve not very different from a circular arec. By compromising somewhat, the
field is usable between about A 4325 and X 4550 an angle of slightly over 2°. This is
of about the same order as that given by the ordinary cemented triplet lenses, but is
not as good as I should like to obtain for use in spectra with few lines, or even in
second type spectra when the measurement is made by means of Hartmann’s Spectro-
Comparator. Moreover, when this objective is used with three prisms, part of the
pencil, near the margins of the field, is intercepted by the cell of the rear element
owing to the considerable separation of the elements and to the displacement in position
of the pencil in passing through the prisms. This diaphragming begins at about 1-5°
from the axis and increases until at the edge of the field, about 4° from the axis,
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about half the light is cut off. When used with one prism, however, the slight displace-
ment of the pencil and the smaller angular deviation of the usable rays allows it to
pass through uninterrupted.

Mr. McDowell very kindly made and figured for me a new rear element with an
" increased aperture of 15™® which allows the full pencil, even at the margin of the
field, to be transmitted. This, which is listed as No. 2, was also tried with three prisms,
but, although it gave a more intense spectrum at the edges, the form of field was almost
identical, as was to be expected, with the original lens. The plates obtained were not
measured or computed, but inspection showed that there was no material difference.
The field of the lens with separations of the elements of from 2°® less to 6 greater
than the normal 17 was also tested, but no improvement was noticed, indeed so far as
could be judged by inspection there was very little change either way. Evidently,
therefore, this form of objective can not be made to give satisfactory results when
used with the dispersion of three prisms, although when used with a single prism the
field is all that could be desired.

The favourable report of the performance of the objective made by Zeiss, accord-
ing to Hartmann’s ideas, of the same material as the prisms and described by the
latter* led me to have one ordered for our use of 525m™ focus and 45™® aperture. This
objective has recently reached here and been carefully tested. It gives with three
prisms, by slightly changing the normal separation between the elements, a field, fig.
6, G, which is practically perfect over the 8° required between Hg and Hs. With the
normal separation the field, fig. 6 D, is slightly convex towards the lens, but by putting
in a separating ring 4-5™@ wide instead of 225, the field becomes flat. The slight
original convexity is probably due to slight differences in the average values of the
constants of the prism material used in the computation, and the actual values of the
melting from which the prisms were made. Indeed the indices of the prism material
were some -002 less than the tabular values. The plate required inclining about 15-3%
towards the violet, nearly as much as in the crown lens with single prism. Evidently
the inclination of the plate, if the Zeiss lens were used with a single prism, would be
about 45°. The lens has not yet been tried with a single prism as the camera does not
permit so great an inclination. Besides, it is likely that the field with a single prism
would be decidedly convex, and moreover, the field of the crown lens has a moderate
inclination and can hardly be improved upon for single prism work.

: The problem of flat field camera objectives, so far as regards those of moderately
long focus, may then be regarded as satisfactorily solved, but for the shorter focus
lenses required 375™™ and 250™® focus, with angular apertures of f/8-3 and f/5-6
respectively, the same can not yet be said. Such objectives will be principally needed
for three prism work, and whether the Hartmann-Zeiss Chromat can be adapted for
such large angular apertures ig a question I cannot yet answer. If it can, it seems to
offer the most hopeful solution of the problem, giving a good field with moderate
absorption and only four reflecting surfaces. Failing this, the only hope seems to lie
in some of the modern commercial photographic objectives modified to satisfy the
requirements in spectrographic work, which are considerably different from those in
ordinary photography. In order to obtain a large angular field of moderately good
definition, the spherical aberration in most of these lenses is omnly partially removed
and this residual aberration, though unimportant in ordinary photographic work, can
not be tolerated in the case of spectral lines which require the sharpest possible defini-
tion. Three such lenses in our possession, the Cooke Series IIL f£/6-5, the Goerz £/7-7
and the Zeiss Satz-Anastigmat f/6-8 were tried with the spectrograph, but the
definition, owing to the before-mentioned aberration, was not sufficiently good for
spectrographic work. The Ross Homocentric lens is, however, advertised as being
free from such aberration, and through the kindness of W. J. Topley & Co., 2 Homo-
centric of 10 inches focus f/5-6 was loaned me for testing. Although no actual tests

* Zeitschrift fur Instrumentenkunde, Sep. 1904.
25a—17
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of the aberration of any of the lenses were made, still the definition tests furnished
fair evidence, and the Ross lens gave excellent definition over the 8° of field required.
Although no actual measurements of the form of field were made, it evidently is
convex towards the lens and of a somewhat similar form and order to the Hastings-
Brashear single material objective. Increase and diminution of the distance between
the two elements did not apparently improve matters and the lens as it stands only
gives from 2° to 8° of usable field. The Ross Company have, however, undertaken the
making of an objective, in which, by neglecting the field beyond the 8° or 10° required,
they hope to meet my requirements. It is to be hoped that, with Brashear, Zeiss and
Ross working at the problem of obtaining a short focus spectrograph camera objective,
something of value may result.

The New Spectrograph in Practice.

Since the spectrograph with temperature case was completed about 300 star
spectrograms have been obtained, mostly with the single prism and the single material
camersa, giving a linear dispersion of about 30 tenth-metres to the millimetre at Hy.
Early type binary stars have been the principal ones observed for which this adaptation
of the instrument is very suitable for, although the dispersion is only about three-
fifths the old spectrograph, the accuracy of velocity determinations is, on account of
the greater number of lines measurable, probably in many cases considerably greater
while the exposure time required is only little more than half that previously necessary.
In stars in which the hydrogen lines are alone visible only Hy could be measured in
the old spectrograph, while in the new Hg, Hy, Hs and if the exposure is sufficient He
are all measurable, and give generally accordant readings. In cases where the lines
are very diffuse, especially if asymmetric, the different intensities of the spectrum at
the different lines will evidently be liable to cause discordances. Even in these cases
the mean value would be more trustworthy than the value obtained from a single line.
The details of some measurements are given below and will give some idea of the
confidence that may be placed in the results obtained.

When we come to the spectra of solar type stars in which the number of lines

can be equally great in the two cases, the higher  dispersion instrument gives, both on
account of the less kilometer value corresponding to a given linear value on the
spectrum and also on account of the greater purity of spectrum allowing more accurate
identifications and wave lengths, much more accurate values. Indeed the probable
error of the determination from a single line is only about half as great with the old
instrument as with the single prism attachment of the new.
' The above discussion refers only to the accidental errors of setting, &c., involved
in any measurement of spectra, but takes no account of any systematic displacement
which equally affects all the lines. Such systematic error may be due to several
causes, the principal of which are three:—

1. Non-uniform illumination of the collimator and camera lenses by either star
or spark light or both.

9. Differential displacement of the star lines with respect to the comparison lines
due to changes of temperature, this displacement being caused by the change of
deviation and dispersion of the prism, or by expansion or contraction of the metal
frame work, or by a combination of both.

3. Displacement of the lines caused by flexure of the instrument due to its attach-
ment to a moving telescope.

Symmetry of Pencil,

The distribution of the light in the pencil of rays coming from the slit may be far
from uniform in the case of both star and spark light. The latter has usually been the
principal one safeguarded, but my experience with the correcting lens has shown that
an equal or greater asymmetry is likely to occur with the star light and this, when the
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image is not free from aberration, is more difficult to guard against. The illumination
with the spark light can be readily made and maintained uniform, but if the star image
has spherical aberration, which is probably generally present when visual objectives
with auxiliary correctors are employed, or if the slit is not in the focal plane of the
condensing system then symmetrical illumination of the collimator only occurs when
the star image is exactly central on the slit. The fact that the slit jaws are seen by
visual light, while the image itself is of blue light in either method of guiding,
renders it difficult to get and keep the image exactly central, and consequently, it is
probable that the illumination pattern on the collimator objective is rarely symmetri-
cally disposed with respect to a diameter parallel to the slit. Owing, however, to the
variations in the seeing and guiding, it is possible that the mean distribution over a
long exposure may be sensibly uniform and any displacement avoided, although the
definition will be poorer than would be the case under uniform illumination. The
possibility still remains that the star light may, during the greater part of the exposure,
have its centre of intensity to one side of the centre of the collimator lens, and in
this case a systematic displacement of all the lines will occur unless the camera
1s in exact focus. Hence the remedy for this source of error lies in the
first place in exact camera focus, in the second in obtaining a star image
free from aberration and having it exactly focussed on the slit, and in the third
in guiding as accurately as possible. As will have been learned from the preced-
ing description of the spectrograph the first precaution has been most carefully
followed. The second defect has already received here much attention,* and good
hopes are held forth that the new correcting lens resulting from the investigation of the
image given by the old one will give an image reasonably free from aberration. The
third precaution is being carefully attended to here, both by the careful design and
adjustment of the guiding mechanism and by the care used in following.

The uniformity of the spark pencil is ensured by the careful adjustment of spark
gap and large aperture condensing lens in the axis of collimation and further by the
insertion of a suitable diffusing screen.

Temperature Effects.

The previous description of the method of automatic temperature control and its
efficient working should serve to remove any fear of trouble from this source, but it
is proposed to install some means of air stirring in the outside case, and moreover, to
try steel tubes for the diagonal brace in hopes of diminishing the displacement caused
by any sudden rise in temperature whose amount was given above. The error caused
by any possible displacement of this nature is guarded against by dividing the time of
exposing the star spectrum into a number of intervals and distributing the com-
parison exposure equally among these intervals. Thus instead of at beginning and
end only, the comparison spectrum is exposed at least four times.

Flezure.

Flexure was one of the difficulties which, in the design of the instrument, special
care was taken to overcome as far as possible. Owing to the fact that no material is
perfectly rigid there must always be more or less flexure and the only thing that can
be done is, with the material at disposal, to render it a minimum. That this was
successfully accomplished will be evident from the results of the tests given below.
I have no means of comparison with the flexure of other spectrographs except the
Bonn, the only one for which the flexure has been published.

! The flexure was tested by making two comparison spectra side by side, each in
different positions of the telescope, and measuring the shift of the lines.

® 2Appeltzdix A “The Star Image in Spectrographioc Work.”
ba—T3%
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With the telescope at hour angle 0 hrs. the displacement for a movement from
declination—20° through 130° to 20° below the pole was:—

For three—pnsm attachment -0025™%, equivalent to 1.8,

For one-prism attachment -035™®, equivalent to 70%™,

With the telescope at declination 0°, and for a movement from 0 hrs. to 4 hrs.
in right ascension:—

Flexure with three prisms -0018™™ equivalent to 1-3%m,

Flexure with one prism -0072® equivalent to 13km,

For a movement from 0 -hrs. to 2 hrs. in right ascension:—

Flexure with three prisms immeasurable.

Flexure with one prism immeasurable.

The flexure with three prisms even in the test of maximum flexure, swinging in
the meridian from the position of camera over collimator to camera under collimator,
causes only a very small displacement of the lines, but in the single prism attachment,
owing to the extended nature of frame, the linear displacement is some 13 times as
great while, owing to smaller dispersion, the kilometer value is forty times as great.
A calculation of the displacement of the lines due to the actual extension and compres-
sion .of the members of the truss, using the best tabular values of the constants
obtainable, amounted to nearly as much as the observed value, showing that the design
is probably as good as can be obtained. The case of maximum flexure is one that ean
never oceur in practice, where we have to deal with movements of telescope and spectro-
graph on the polar axis only, and generally not exceeding two hours in duration. For
such case, as the tests above show, no measurable flexure occurred even with single
prism form when near the meridian, and any systematic displacement from this
cause need not be feared. The division of the comparison exposure into & number of
equally divided intervals over the star exposure will still further reduce the liability
to error even if flexure were present.

In the only published flexure tests I have been able to discover, of the Bonn
spectrograph which is of the same form as the Potsdam and Pulkowa instruments,
the maximum flexure of this three prism spectrograph is equivalent to 70™* per second
and the flexure even for actual exposure conditions of one hour’s duration is never
less than about 7X@s, while no measurable flexure occurs in one hour exposure with
either three or single prism Ottawa spectrograph.

The only safe test for absence of systematic error lies in the careful measurement
of a large number of plates from one star known not to be a binary, but such test has
not yet been made. A few plates of the standard velocity stars have been made, two
or three measured, and, so far as this slight evidence can go, no trace of systematic
error has been found.

There now follows the measurement of four star spectra made with the new
spectrograph which gives an indication of the character of the results obtainable.
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MEASUREMENT AND REDUCTION OF SPECTROGRAMS.

The spectrograms taken with the Brashear spectroscope have all been measured
and reduced in the way described in last year’s report, by reducing all linear measures
to wave lengths by the simple form of Hartmann’s interpolation formula

=2+ ° _where
T 8,—8

s = linear value of line
A= wave length
and ¢, A,, 8, are constants.

Owing to the known temporary use of this spectroscope, and to the fact of its
being of an adjustable type, it was not thought worth while to develop a shorter
method of reduction. But when the new spectrograph was completed and tested, and
when it was found that the Brashear single material camera objective gave such
excellent results in single prism work, a shorter method of reducing the measurements
of the single prism plates was evolved. In the method previously used, every linear
measurement had to be reduced to wave lengths by the above formula which involves
the looking up of a logarithm and an anti-logarithm, a subtraction and two additions,
all of seven figures, and besides this the constants of the formula, a matter of fifteen
or twenty minutes work, have to be obtained. Hartmann, to whom we owe so many
valuable methods and devices in spectrographic work, has, in A. N. No. 8703, described
in full detail a method for avoiding most of this tedious and laborious work, which
has been, in a somewhat simplified form, adapted for use here. In this method, instead °
of reducing each measure of each line to its wave length by the interpolation formula,
tables are made in which the wave lengths of all star and comparison lines are
reduced to their corresponding linear measures or micrometer readings by the same
interpolation formula. The displacements in kilometres per revolution of the micro-
meter screw for every wave length are also computed and tabulated, and the differences
between the tabulated micrometer reading for any star line and the actual measured
reading, when reduced to the same zero, multiplied by this value gives at once the
velocity in kilometres for that line. When a set of tables are once obtained in the
manner described below, not only is the determination of the constants of the interpo-
lation formula avoided, but all the laborious logarithmic computation is done away
with, and the displacements are determined at once by simple subtraction after the
measurement has been brought into coincidence with the standard by a graphiecal
interpolation of exactly the same nature as required in the previous method.

When a spectrograph for radial velocity work has been brought into adjustment,
such adjustment, so far as position of the prisms and focus of the collimator is con-
cerned, remains permanent and the spectra produced, so long as the temperature is the
same, are identical. If the temperature changes, the deviation and dispersion of the
prism changes and there is also, in general, a slight change in the focus of the camera.
In consequence the distance between any two lines in the spectrum is a function of
the temperature only, increasing slightly with increase of temperature. Hence, in
constructing the tables of micrometer revolutions of star and comparison wave-lengths
above mentioned, we have to take into account this variation and construct tables for
different temperatures. Owing to the smallness of the variation, it has been found
sufficient to construct a table for every 10° C change of temperature and hence 6 sets
of tables will be sufficient over the whole range actually occurring from —20° to
+30° C.

It has been found in practice that, owing probably to accidental errors of setting
on the comparison lines used as standards, the three constants of the interpolation
formula obtained by choosing three lines with their known wave lengths and micro-
meter readings, substituting and solving in the formula, vary considerably in different
spectra, even when made at the same temperature. It was necessary, therefore, in
order to obtain a harmonious set of tables, varying continuously with the temperature,
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to eliminate these accidental variations and the method pursued was one of averages
combined with an assumed simple continuous change of the measurements and values
of the constants with varying temperature. This assumption, though perhaps not
strictly true, is convenient in use and, as it can not introduce any error in velocity
determinations, has been used.

A number of spectra of the Fe-V spark, three or four at each temperature, were
made at five different temperatures between 14-6° and 30° C. The greatest care was
taken in making these spectra, not only in having the camera accurately focussed,
but also in ensuring uniform temperature conditions in the prism, this being obtained
by maintaining the whole instrument at constant temperature for several hours before
exposure. About 20 good lines between X 3930 and A 4875 were measured on a selected
plate at each temperature, and of these 20 lines, three were selected as standards for
determining the constants of the interpolation formula. The choice was made, after
trial of several sets, of the three in which the residuals between the computed and
known values of the wave lengths of intermediate lines and of lines at the ends of the
spectrum were a minimum. The three lines finally chosen as standards were ) 4594-216
V, A4395-382 V, and ) 4202-195 Fe. With these standards an attempt was made to
reduce the above mentioned residuals by using the complete Hartmann interpolation
formula g,—3 :ﬁwhere a may be given any value, Hartmann has found in
the Potsdam spectrograph that a value of 0-6 for a gives the lowest residuals. A tfrial
was made here by Mr. N. B. McLean, who made sall the computations required in this
work, of three values of @, 0-5, 0-7, and 0-9, as well as unity, but the residuals were
lower with the simpler form of o as unity than in the others.

In bringing together, in the table below, the micrometer readings of the three
standard lines with the corresponding calculated constants for five temperatures, all
the readings have been reduced to the same value for the standard A 4395-382 of
48-7700. 'This brings the line at minimum deviation \4415 very near the reading 50
or the centre of the micrometer screw, which has an effective length of 5 and is of
0-5mm pitch. Every star plate measured is so set on the stage as to bring )\ 4395-382
as near as possible to reading 48:77, but any small deviations are of no moment,
as their effect is removed in the curve drawing to be presently described.

TABLE OF CONSTANTS.

4594°216 4395-382 4202°198
Temp. i
8, og ¢ A,
C.
8y Bq 8s
1
14°6° 60°1754 48-7700 35°4949 184-8423 5° 4709008 2222 025
174 60°1809 487700 35°4836 184-6549 3" 4094204 2226434
21'1 60°2038 48-7700 35°4469 184°4126 5° 4668483 2235390
254 60°2115 487700 35-4520 185-2279 54719729 2222810
300 60°2098 48-7700 354366 1843153 b 4659474 2238319

As will be noticed in the table, there is a general progression of the values for the
micrometer readings and constants with the temperature, but this is not uniform and,
for one temperature, 25-4° C., the readings and constants are markedly variant. This
is probably due to some slight difference in the inclination of the plate in this spectrum,
and it was consequently omitted from the discussion. In order to obtain.uniformly
progressive values, the accidental discrepancies due to accidental errors of setting on
the lines, deviation from the true camera focus and plate inclination, or inaccurate
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temperature determinations must be removed. If we form a table of the differences
between the readings s,—s,, 8,—8,, 8,—8,, and the ratio of the first two we should be

Temp. By — 8y

8y — Bg 8g — 83 By — 83 W =

C. 8, — 8
14°6° 11° 4054 13-2751 24°6%05 9°66476
17°4 11°4109 13°2864 246973 966467
21°1 11-4338 133231 247568 966450
254 11-4415 13:3180 247596 9°:66474
30.0 11°4398 13°3334 24°7731 966444

able to form a progressive series. The ratios in the last column are nearly constant,
but omitting the discrepant temperature 25-4° and allowing for accidental errors, a
small regular decrease with increase of temperature is evident, which amounts to
nearly 2 in the fifth place per degree, A comparison of the figures in the fourth
column also indicates a change of about 0-007 revolution per degree. If we form an
arbitrary series from the last two columns, using values averaged from them for the
middle of the range together with the differences above quoted and computing-s, —s,
and s, — s, from them, we obtain the following values:—

Temp. 8; — 8,
8, — 8y 8y —- 8y 8, — B3 ° log

C. 8; — 8,

0° 11-3630 13-2110 245740 9° 66502

10° 11-3902 132538 24°6440 966482

20° 114173 13°2967 24°7140 966462

30° 11-4444 13°3396 247840 9°66442

Which combined with 4 reading of 48-77 for s, give the following continuous
values of s, s, 8, from which the constants given for 10° 20° and 80° C were obtained.

I 4594°216 4395382 4202198
Temp. )
—_— _— 8, c Ao
C. >
8, 8, 83 L
60-1331 487700 355691
10 601602 48°7700 355162 184°8466 | 54716619 2218782
20 60-1873 487700 354733 184°5845 |  b5-4686837 2298988
30 . 602141 487700 351304 1843133 | 54657512 2939261

With these constants, the micrometer readings corresponding to fhe normal wave
lengths of the comparison and star lines used were computed and tabulated separately,
small portions of these tables being given below. It is also necessary, as the velocities
are now to be computed from micrometer instead of wave length displacements, to
obtain the velocity value of one revolution of the micrometer screw in kilometres per
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second for every star wave length used, and to tabulate these along with the wave
lengths and micrometer readings of the star lines. In the formuls,

¢
8,~8= by differentiation
(1) A 53 }o 2 y

)N :
ds =_————_., and by Doppler’s principle
. - Ao);’
A LI
v = 299860 = and substituting value of dj
209860 (A—X)?
V=——"-— — . ds
A [
FE. V. COMPARISON LINES.
Micrometer Readings.
‘Wave Length.
10° 20° 30°
48757674 733689 734161 73-4628
4871° 4563 73-1914 . 732386 732850
4404°929 49°3642 49°3658 49°3676
4400°738 49°1040 49°1049 49-1058
4395°382 4877 4877 4877
3969°411 15-6591 16°5202 15-3986
3530° 450 11-8081 116580 11-5072
STAR LINES.
10°C 20°C 30°C
Wave Length. =T
Micrometer | Velocities per | Micrometer | Velocities per| Micrometer | Velocities per
Reading. Revn. Reading. Revn. Reading. Revn.
4861527 727721 14544 728187 1452°8 728648 1451-2
4713308 66°1128 1336°6 661505 1334°5 66°1879 1332°¢4
4340634 45°9589 10501 45°2481 1046°9 45°2387 1043°7
4325°939 44°2854 10391 44°2723 10359 44°25692 10327
4320°992 43°9547 1035°4 439405 10322 439264 10290
4318817 438087 10338 43°7941 1030°6 43°7795 1027°4
ek | dsaer | his | s | qas | i | g
3934°825 12°2493 757°6 12°1015 753°6 11°9531 749°6

The process of reducing the measurement of a star spectrum now becomes
considerably simpler. The measurement is performed as before, the plate being set
in the first position, with the red end of the spectrum to the apparent right, so that
when the V line 4395-382 is under the cross wire the screw reading is nearly 48-77.
On the reversal of the plate this reading should become 51:23. After the mean of
the two settings is taken, the table of comparison lines whose temperature argument
is nearest to the temperature at which the spectrum was taken, or preferably the one
in which the difference in the micrometer values for any two comparison lines agrees
most closely with the measured value, is placed beside the mean readings and the
differences between the two are plotted on cross section paper as ordinates, with
micrometer readings as abscissae. Through the points thus obtained, a smooth curve
is drawn which fills an exactly similar purpose to the curve used in the former method
for obtaining the corrections to the star lines, and although open to the objection
expressed by some observers of arbitrariness, nevertheless seems to me to be preferable

L ]
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to direct interpolation between adjacent comparison lines, as getting rid of some
accidental errors. As it is impossible to know beforehand what effect any particular
method of curve drawing will have on the resultant value, any fear of prepossession
is removed. Corrections to the micrometer readings for the star lines are taken
directly from this curve, and the corrected readings, which reduce the star lines to
the same zero as the comparison lines, are then put down in a column next to the mean
readings. The differences between these and the corresponding tabular values give the
displacement due to motion in the line of sight which multiplied by the tabulated
¢ Velocities per Revolution’ give the velocity at once. The work required is the same
as in the previous method after the computed wave lengths have been obtained and all
the laborious determination of constants and calculation of the wave lengths is avoided.
Moreover, the liability to numerical mistakes is much lessened and these advantages
are obtained without loss of accuracy in the resulting velocity. Any variation in
the velocity obtained can only be due to differences in the drawing of the interpolation
curve in the two cases and this can only be slight in any event.

Two or three measurements have been reduced by both methods, an example of
which is given below, with resulting values within two-tenths of a kilometre of one
another which has no significance in single prism work. Furthermore, as an evidence
that the interpolation is linear and that the curve drawing is not likely to introduce
error, the same measurement has been reduced by using tables for two different tem-
peratures with exactly the same result.

The correction for curvature is applied by Hartmann to each star line of the
spectrum and he has developed a system for all cases that may oecur. In the case of
the single prism plates the correction for curvature is so small, amounting to from
-00024 to -00032 revolutions that the error introduced by using either 2 or 8 in the
fourth place will amount to more than can occur by forming an average correction
in velocity and applying it at the end of the reduction. The correction was obtained
by measuring the abscissas and ordinates of the parabola formed by long speetrum lines
and obtaining the constants of the equation. These equations which range from
x = -00096 y2 for )\ 4875 to -00127 y2 for A 3968 where z is the correction and 2y the
distance between the points of measurement on the comparison lines. This reduced
to velocities gives for the usual distance between the tips in our measurement from
0-29 to 0-265™= per second, or in the mean 0-28, and is of course, applied with the
negative sign.

The various sources of errors in the measurement and reduction of spectrum
plates were discussed in last year’s report, and it may be said that further experience
has not led to any modification of the statements therein. Any method based upon
the use of an interpolation formula depends for its accuracy on a knowledge of the
true wave lengths of the star lines, and such are not yet at hand. For stars of early
type, it is probably the best means available for obtaining the velocity, but for solar
stars in which, although the wave lengths of the single lines are known fairly
accurately, the wave lengths of complex blends, such as inevitably occur in low
dispersion spectra, are very uncertain and the error introduced correspondingly large.
An evidence of this is given by the high residuals from the measurements of even
such stars as Arcturus, where great care was taken in the choice of the least complex
lines. It must be remembered, however, that the linear dispersion with a single prism
is only one-third of the three prism instruments and is at Hy about 30 tenth-metres
to the millimetre, so that an accidental error of setting of 0-005™® corresponds to over
10" velocity. In consequence of these conditions, the production and measurement
of solar type spectra with the single prism instrument is being held over as much as
possible until the spectra-comparator is received. In this instrument trouble with
blends and identifications is to a great extent avoided, as no accurate knowledge of
wave lengths is requifed, and the displacement is obtained by direct comparison with
some standard plate, whose velocity value is known.

The corrections for diurnal and annual motion are applied in the way described
last year, and no further description is here required.



Star, n Bootis 812.
Date, June 10, 14k 10m

RADIAL VELOCITY.

Observer, J. S. PLASKETT.
Measurer, W. E. HARPER.

Hour angle, 30™ W, Computer, W. E. HARPER.
=, & .
| .8 | 3 = &
= g : 5]
_ 8 184°0358 log o. 54659650 ro2mtary | B 12 B g ;
Weight. | Micrometer Readings. | Means. log (8o — s). A — Ap). i 3 = 8 2
(80 — 8). log (A=2o) A g g g i 4| %
) =) 2 IC
= “ S z (=} =
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13 44°2682 6958 2697 1397661 1454019 3205631 2092007
2 430715 8900 0742 1409616 1491008 3168642 2074265
3 420986 8695 0980 1419378 1520980 3138670 2059999
1 41°3328 6288 3355 1427003 1544249 3115401 2048990
2 2 405560 4030 B6595 1434763 1567801 8091849 2037909
13 397640 2005 7652 1442706 1591778 3067872 2026 689
2 7412 2280 7401 1442957 1592534 3067116 2026336
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RADIAL VELOCITY.

Star 7 Bootis 812. Qbserver, J. 8. P.
Date, June 10, 142 10m Measurer, W. E. H.
Hour angle, 30m W. Computer, W. E. H.
Corrected .
; Displacement
Weight. Micrometer Readings. * Means. readings. i in Velocity.
Star lines, revolutions,
2 733385 6258 3399
2 728850 0812 8854
2 7626 2008 7643
13 57°7995 1625 8020
2 7600 2035 7617
2 530638 9015 0616
13 52°4870 9765 9887
2 * 4055 5582 4071
2 2082 7605 2073
2 493580 6003 |, 3623
2 48°7390 2202 7384 ek
2 7635 1982 | 7661 !
2 45°9942 9685 9963 0320 0289 30°59
2 2560 7080 T D IR e B g = o Sl ey o o
2 2462 7095 2518 2885 0304 31-92
1% 44-2682 6958 2697 3084 0230 2395
2 43'0716 8900 0742 1162 0361 37°04
3 42-0985 8695 0980 e L o T Rl L e L
1 41°3328 6288 3356 3818 0391 39-37
2 405550 4030 b596 6077 0317 3166
13 39° 7640 2005 7652 8154 0331 3279
2 7412 2280 Vi 110 Sl SURY LRl o o [ vt el LRt AR
2 0528 9075 0561 -1078 0312 30°68
1% 37°8018 1632 8028 - 8566 0221 21-46
2 3205 6320 3322 3870 0259 25°02
2 354572 5108 A A I Lt Eobe o 1
1% 7665 2093 * 2689 0322 3042
2 346832 2745 6878 7486 0287 26-98
2 319600 0008 9631 *0313 0272 24:88
2 30° 9460 135 9498 0213 0250 +22°63
2 273125 6570 LT Y] resetiror v wvel ovid Tl e [ T bR SR
O=438° 271 log sin (O--A) 994175
VA 33-8 log b 14193 = +31'34 Radial vel. +8°'5
439° 009 136105  Ja= sl
e S ST AR 296 Oury. = — 35
C—A=240° 59’1 = + 44

RADIAL VELOCITIES. i

As mentioned in last year’s report, the principal work undertaken with the
spectrograph has been the determination of the radial velocities of stars and this work,
except a few plates of the standard velocity stars given in last year’s report, some
plates of hydrogen stars and a few plates of Mira Ceti, a discussion of which is given
below, has been confined to plates taken for the determination of the velocity curves
and orbits of spectroscopic binaries. Of the 150 odd binaries so far discovered, only
some 20 have had their orbits determined, and these have been chiefly of the solar
type, which admit of accurate velocity determinations. About two-thirds of the
binaries known are, however, stars of earlier type with few lines, often only the
hydrogen series, which are in some cases diffuse. None of these stars admit of very
accurate velocity determinations, and it is only in cases where the range of velocity
is great and the corresponding percentage error small that accurate elements can be
obtained. However, by increasing the number of observations and thereby obtainipg
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mean values of the velocity for different phases in the orbit, fairly accurate values
of the elements may be obtained in the stars with only a moderate range of velocity.
Tt has been found necessary to carry out this procedure in the case of some of the
binaries under observation, and so, although about six hundred spectra of 12 binary
stars have been obtained, the necessity of obtaining in meny stars a great number
of plates and the impossibility of keeping the measuring and reducing up to date,
have prevented more than one orbit being completed, although measurements have
been made on several others.

Hence, as it seems useless to publish the measurements of those not finished, only
those of ¢ Draconis, which has been satisfactorily completed and of ¢ Orionis, of
which preliminary elements have been obtained, will be here given, and the others
which are under measurement, y Piscium, o Andromedae, o« Corona Bm:ealis,
n Bootis, ¢ Herculis, § Aquilae, § Aquilae, 4 Virginis and y Geminorum, will be
given as soon as they are completed.

a Draconis.

a Draconis R. A. 14" 1.7= Decl. +64° 51/, Magnitude Visual 8-6, Photographic
4.0 was the first spectroscopic binary star to be observed here, the first plate being
made on July 2, 1906, and the last on July 5, 1907. With the old Brashear spectro-
scope, 37 plates were made between July 2, 1906 and February 21, 1907, and with
the new single prism spectrograph, 9 plates between May 22 and July 5, 1907. Of
these plates, 45 have been measured, the other being rejected as unsuitable for
measurement. All the measurement and reduction have been carefully and ably per-
formed by Mr. W. E. Harper, assistant in spectrographic work. Some duplicate
measures of plates giving large residuals from the velocity curve have been made by
Mr. N. B. McLean and myself, but the velocity values except in the case of one plate
have not been materially altered by the remeasurement.

The spectrum which is of Vogels Ia2 and Miss Maury’s VIII a type possesses,
in the measurable region with the Brashear instrument, generally only three lines
Fe Ti 4549-642 Mg 4481-400 and Hy 4340-634. In some of the spectra three or four
other faint metallic lines are measurable. With the new single prism instrument
in addition to the three above given Hg and Hj and in strongly exposed plates He
can also be accurately measured. Of these lines the Mg line is the best defined, and it
is usually given about twice the weight of the others. Although about twice as many
lines are obtainable with the new spectrograph as with the old, the linear dispersion
i8 only three-fifths as great and the probable errors in the two cases are likely not
much different from one another, The best criterion as to the relative accuracy of a
single determination of the velocity is obtained from the residuals between the
velocities computed from the elements of the orbit and the observed velocities. These
give a probable error of ==38.4"™ per second, while if three largely discrepant values
are omitted it reduces to == 2-9*™,

Considering the character of the spectrum and the dispersion employed, this result
may be considered satisfactory and the determination of the elements probably as
close as can be obtained from the observations. However, if many more observations
were available a correction to the elements might be obtained, although it seems
probable from the agreement already obtained that this would be small.

The data as regards the conditions of temperature, slit width, focus, &c., are
given in the Record of Observations, which is followed by the measures of the
different plates. The resulis of these measurements are collected in the table below
from which the velocity curve is obtained.
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RECORD OF SPECTROGRAMS.
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RECORD OF SPECTROGRAMS. —Continued.
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106 DEPARTMENT OF THE INTERIOR
7-8 EDWARD VIi., A. 1908
a DRACONIS 321.
1906. July Observed by J. S. PLASKETT.
G. M. T. 16h 2gm Measured by W, E. HARPER.
Computed .
Mean Corrected | Normal Displace- .
Wt of Settings. ook W.L. W.L. ment, Velocity.
3 S 70°0713 i T S R e (et b S (B0 I sl R e L
1 70°0979 4549956 *956 ‘642 +314 +20°66
3 652872 4494786 )il dewvima.. gL A o ot T A e e 1 C D e
3 640885 4481577 667 400 167 +10°50
2 63:5923 4476°2688 -t icanaie A8 WL O MR L el
2 S 56°7442 4404 927 ..................................................
2 54'5836 | 2 4383688 | .., ...... TR {a1a e’ St e s % LI) Emsziiiengs wiacel oo ekt
g 52°'9892 4368 373 403 ‘071 330 +22°63
S 48°4045 BB L= oo e i e i a e S e e L LI
3 408267 4260°6156 |. ......... B0 [ Vo Xk agniind e ol L Sl S
1 374777 4233490 498 *328 ‘170 +12:03
Woerghted TBhN 25 L onis o e s e sels b S ThE +13°73
T A T A —9°73
N oo e 2 8 — ‘10
Curvature........... — 50
Radialivelociby: .. sty Taf gt cdonies + 34
o DRACONIS 328.
1906. July 4. Observed by J. 8. PLASKETT.
G. M. T. 17t 45m . Measmed by W. E. HARPER.
Mean Computed Corrected | Normal Displace- :
W of Settings. Lg;‘;g W.L. W.L. ment. Velocity.
L
2 70°2010 y i L par i It SRR e ABER [ RN RS E e orercre s e ¥k
3 S 684274 v e i (DY et | o a5 IR | Opr S S R e B
2 65°4225 4494°732 | .......... N 1 S e e L s
3 64°2438 4481°734 ‘764 400 - 264 +24°35
1 63°7297 AATENEBT W5 omres sk ore = B S S T S Sy
] S 56°8874 A D o el B et ] oo o) ste i eatatol] et anetes e VA Bt e R e e eret e
2 547276 4383695 l............ A LTI | SO Pyt (o S s
2 502072 4341°035 045 634 ‘411 +28-35
3 S 485469 F i3 P )y I D L IO B T ] L e e A S e T a0
3 465476 43087152 f....c.ee oae SR | e Frooll|[fogstloniEts =
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o DRACONIS 376.
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/ . 15, Observed by
%;906 ; ,1{\.118'1 g Moashivad by }W. E. HARPER,
Computed E
Mean Corrected | Normal Displace- :
Wwt. of Settings e W.L. i M ment. Yelogity.
!
1 70°2400 4549622
3 70°2117 4549° 287
3 S 684580 4528798
2 654466 4494°712
3 64-2008 4481002
2 637596 4476°199
2 628784 4466689
3 S 56-9013 4404927
2 547324 4383683
2 501100 4340°087
3 S 48'5513 4325.939
3 46° 5436 4308093
1906. Aug. 24. Observed by
G. M. T. Ci3 bom Nbeerved bY \ . B, Hanesa.
Computed .
Mean Corrected Normal Displace-
b of Settings. o W. L. ol ment, TR
2 72°8078 4583992 A ot I8 e imgrs £ = B s sl eyt
3 69°9561 4349°566 .. ... ... e O o L e e
1 699851 4549°909 *86Y 642 227 +14°95
3 S 68-1809 4528°798 ....... o =y INSTCAEE Tl e 41 e SR | S (OIS
2 65°1680 A BOR, ikt s S L g AN e A e
3 63°9714 4481 " 166 496 400 <096 +6°42
1 634880 H76°196 1. ..l 185 RS Sy | PRSP TR
2 626072 +466°678 el b | e e [ QB oIn A5G
3 S b6 6392 4404927 e s LA AL oyt o LA 0, S | T 1 e n e iy s
2 544780 ASSS BRI e L UTRORNRE AR 8. ol e ot ol a7 e o
2 49°9290 4-40°739 719 ‘634 085 +6°55
3 483088 A3RGIOBI=E. o s \988: e k% of U P B freion A o A
3 S 46°2960 4308081 PR e T SR | === py e | RS [ S
Weighted mean ........... oSS P RS +7°88

e ol S I B -0:92

I e R g - 15

Curvature..... o s LA - 50

BAdIBLvBIocItY. o L o i e ey o s AL BE SR e +63

925a—83



108 DEPARTMENT OF THE INTERIOR
- 7-8 EDWARD Vil., A. 1908
AT ~ « DRACONIS 38 bRiere
3 pt. 5. TV
G. M. T. 1530 Measured b; }W E. Harrer.
Computed !
Mean Corrected | Normal Displace .
Wt. of Settings. Lenzg W, L. S m?ent.. Velocity.
2 (37726 4528806 {............ i el o T TR T IRt T 8 T e
2 S 607656 L e R e e e RS S S LA [ e e e
1 595384 4481214 <200 400 200 -1338

1 59°0801 7 v e TR e, N VBB TRET L S AN R i et T
1 582004 4466° 710 K7 e it Somendl Bk e =L
2 S 52 2319 2408927 | el ot edore] =10 | oo [8 oot st v e Yo S oo s BT s ot
2 S 43-9087 Ko O P S ) o SRR A 1t S T g B =SS NS

Velocity. . e e P -13-33

................ +
e e s i T et - 15
Curvature ................ - 50
Radial velocity.. «..o.ovvviinivinnannann. -12°5

Notz.—HyYy is not set at micrometer reading 50° 0000 as usual.

‘1906 _— o DRACONIS 38 Fhagnt:
; t. 6. er v y
G. M. T. 18" 50m Mesnred 07 } W. E. Hazrze.
Computed e .
Mean Corrected Normal Displace .
W of Bettings. wborid W.L | W.L | ment ity
2 S 68-1702 R L et e, B e el L Penn s o el ] B s oot b
3 651669 4494731 |.......... e e s R e
2 63°9349 4481°156 170 400 230 ~15°39
1 63°4777 476°170 |..... ...... g 2 | e S oy 15D YR S
1 625983 4466658 ............ gy (O V0 & R A SRS e,
3 S 56°6347 P11 2 s ] R | St 1 e b P BT ] 1t T T D R b o
3 482985 4325°928 | ........... ¥ AT S B o ek o 0 e B8 210
3 S 46°2942 G T I P [ e (5 o S B [ S5 5 =i o 2y
W BIOCIEVH £ sy iare 5o on [orn 3 51a e ro)o ik SHgmntotiTaie & -1539
Vi) ¥ e e el 4 +1°70
Vo o e g el e e - 16
Curvature _........c........ - b0
Radial velocity -14'3
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1906. Sept. 10, Observed by
G M.T. idipm Measared by | W- B Hanres.
Mean Computed Corrected | Normal Displace- g

wt. of Settings. | Wave Length. | ~W.L. W.L. ment. Velocity.

2 70°1700 4549634

2 701237 4549°088

3 S 68° 3865 4528798

% 65.3676 4494630

641289 4480°995

2 628095 4466°709

1 578697 4415°294

3 S 568356 4404° 927

2 54°6829 4383761

2 500654 4340°180

3 S 48°5000 4325°939

3 46° 14936 4308° 064

Radial velot_:ity ................. — 30°1
~
1906. Sept. 19. T Observed b
G. M. T." i3 35m Measared by | W- E. Hazezs.
Mean Computed Corrected | Normal Displace- .

wt. of Settings. Wave ]E.:ength. W.L. W.L. mgnt. Velocity.

2 *70°0925 7o e TV R AR AL i o

1 *70°0405 1 4

3 R L e SR i e T | R, AT SR

2 oo ot SRR R 7 U SO0 v (T STt NS S - S ] I

3 641348

2 637285

2 628504

3 . S 56°8823

2 54'7233

3 501287

3 48-5450

3 S 465397

Not used in first measurement.




110 DEPARTMENT OF THE INTERIOR

7-8 EDWARD VIi., A. 1908 .
o DRACONIS 398.

1906. Sept. 27. Observed b
G. M.T. 13iom Mamred by {W. E. Hanren.
Mean Computed Corrected Normal | Displace- ’ .
Wt. of Settings. Wave Eength. W.L. W.L | xl:gnt. Velocity.
3 S 653536 L I e N e s Ve cnontia: il e ot AP emiracion
2 640960 4180° 863 800 -400 600 —40-14
3 636737 4476°254 | ... ..... 01 A [ b s el | IRt S 4]
2 62°7994 4466°793 |............ 20T AR ST e e A s
3 S 568297 4404°927 | .... ...... ..ol e ]I o RIS IR ) o w1 i g
2 54° 6765 43831790 [, . e o o S e R T SR R
3 600377 4339 876 ‘874 ‘634 760 —52°44
3 S 48-5075 g 1 I O Pt Ly L R o e (S o e | L S 5 5
3 465037 4308065 |........... ALy T L E o BB B o el T A 1
Weighted mean.... .... .... — 47°52
Wer: L A + 575
e e [ D — 15
Curvature......... ...... — b0
Radial velocity........ BT
g e o DRACONIS 404, ey
3 ct. 3. TV y
G.M.T. 12+30m Messarad by J W- E- Hanezz.
Computed 3
Mean Corrected Normal Displace- :
wt. of Settings Iang?). W.L. w. ment. ool
|
‘ 3 S 68°3345 :
2 663395 R
2 *70°1183 x
i *70°0688 3
3 640699 4480°719
2 636618 4476° 260
-2 627866 4466°776
3 S 56°8227 4404927
3 S 484953 4325939

Curvature..... ...

Radial velocity......oveeceeinann o- -
*Not used in first measurement.
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1906. Oet. 18. Observed by
G. M. T. 12»30™ Measured by } bt B
Computed :
Mean Corrected Normal Displace- .
wt. of Settings. LVX;;}I_ W.L. W.L. ment. Velocity.
1 69 -— 4550°011 011 ‘642 *369 +24'71
3 S 68°3213 AORRAFOSINL o IR e I SR AR S S S o
2 65-3250 4494°694 | ... ....... it SYLA b tes PR e vip oy b
1 64 16560 4481 751 750 400 350 +23'41
1 636515 $876° 29 L, nl (3 £ L U Tl b s 0] 3
2 ¥2:7761 44667723 v et b b P (@R ¢ o] (R SO Y ) b i
3 S 56°8302 AT 1 5o nlaode s SSHE L ) i e A = 1A L
3 S 48°5299 ABIT ARGV ae bl o) SIS TR, | | )] S L L T NS e e
Weighted mean. . .. AN e AR 1T M 5 ik o 3
BN o + 9:16
Oy G e L AL et St - 12
Curvature............ T 1k - 50
Ragial velocity.c...ocuvesieenenanns +32°4
it a DRACONIS 416. e
1906. ov. 1. erved by
G.M.T. 13 Measured by } W. E. HapPER.
Computed .
Mean Corrected | Normal Displace- ;
W of Settings. ng:;:h. L. W.L. ment. Velosity.
1 69 9793 4549632
3 699081 4548784
3 8 68-2089 4528798
1 65°2177 4194705
23 639462 4480°618
1 626689 4466703
3 S 567304 4404927
2 545828 4383703
1 499510 4339793
3 S 48-4341 4326°939
3 464368 4308075
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DEPARTMENT OF THE INTERIOR

7-8 EDWARD Vi, A. 1908

o DRACONIS 417.

1906. Nov. 1, i Observed by
G. M. T. 14» Manived by}W‘ E. HARPER.
Computed g
Mean Corrected Normal Displace- :
Wi | ofSettings. | poave | W.L | W.L | men. | Velosity.
2 70° 05621 45649°640 |............ 040 el o o A s
g 699868 4548° 863 862 "64% 780 -51-32
S 68-2795 E v e R L e R S R e T S T o T
2 652918 LI 988 it .. L “F8B |t ] e p s
1 640208 4480°694 *680 400 ‘720 -48°16
1 636034 4476°1238 |....... ... h s T R STy [P == 8
1 627386 4466°729 |...... 72 [T == e FIANTIRE 4
8 S 567968 T I (AR i T RS ) I T A P R T PR
2 b4-6519 438872 ... ..c...sn e | e R L T 0 e
g 50°0302 4339°885 884 634 ‘750 -b1'76
S 48'5042 ABP5:989 5 16 ox i eeine Il (2155 ord (i preys, 3| e temnSielo e g | i R T iR
8 46°5071 4308061 |........ gL ) S R SO B N e e .
Weighted mean...... c.ocvvneusncn.es - 84
Y s e LT + 10°76
Nia oo A o - 10
Curvature ......ccvoeeinee - 60
Radial velocity....c.oo00vinnnn.. - 398
o N 1) a DRACONIS 418. oS e
. Nov. TV
G.M.T. 15850m Measured b§}W E. Harrez.
Computed K
Mean Corrected Normal Displace- .
Wt of Settings Sl W. L. W. L. ment. Velocity.
2 72°8817 488426 |, ... T BTk (S S
1 72°1993 4575° 801 702 512 810 -52°97
1 713441 4565°369 249 842 598 -38°84
2 700434 4549°735 B, e o s R
2 69-9815 4548°998 942 642 700 -46°06
3 S 632644 T e e v i LI
2 65°2796 4494-778 |01 THD ol 2o 41 iy VM
3 64-0156 4480°773 730 400 670 -44°82
1 636044 4476°267 | ... ...... ;L ] S P R e e 5 5
2 627263 4466°726 ....... Py = yo T A e o L e
1 6265569 4465966 027 T2 800 —b53°68
g 625824 4465°172 135 975 ‘840 —56°36
S 567851 I (Ol WS R SR Reais, SRS R
2 546416 4383-747 |l o M ANTET W s ey
3 50°0281 4340°011 014 634 *620 -42 78
S 48-4871 4325°989 |............ ROERRRA VSSSE P AR, (el
3 4308-051 |............ 081, | |Cesus e vedlun s ompe gamess
Weighted mean.......-.o.ovn o o aeee - 46°84
............... + 10°79
NV 'St NG shreloiea L orhure - 04
Curvature .......... .c.e. - 50

Radial velooity........oceeenn.nn. - 366
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1906. Nov. 6.

G.M.T.

178 Q5™

a DRACONIS 426.

dbserved by
Measured by

113

}W. E. HARPER.

Wt.

Mean
of Settings.

Corrected
W. L.

Displace-
ment.

Velocity.

QO GO b G0 1= DO BD DD &0 1 0D

69°8776
68° 4960
S 681090
65-1115
63°8352
63°4353
625608
S 56°6151
544642
498568
48'3116
S 46-3141

4549°574
4533°301

...........

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

Curvature ........

Radial velocity .. ....... n T 3% B ALY O g

~416

Note.—Other lines in this spectrum, unidentified as yet.

1906. Nov. 6.
G. MLT. 15t

o DRACONIS 424.

Observed by 1
Maatnrad by}W' E. HARPER.

Wt.

Mean
of Settings.

Displace-
ment.

Velocity.

5D B b= = DO DO DD &0 DD OO ke DOW DD

he

727892

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




114 1 DEPARTMENT OF THE INTERIOR

7-8 EDWARD Vil., A. 1908

e e e o DRACONIS 423. ok " :
. Nov. 6. rved
G.M.T. 14 Moatirid gy}W E. HABPER.
Mean Computed s
: Corrected Normal Displace- :
Wt. of Settings. L‘Z:gzsx . WL W. L o 5 Velocity.
2 72°7646 4684°216 [... ........ o L e B - ey s ey B Ul
1 72-6892 4583283 118 018 900 —58-68
2 69°9150 4549666 |....c0000..0 . | BRALATTRY o B el L S S
1 69°8431 4548°800 792 642 *850 —56-01
3 S 681400 ABIREVOR L] LS IR e e | NIl o iay N e 13 = T
2 65-1516 AR IRT NS s Ll MR IS E ey e e STl
3 63°8659 4480°565 525 *400 875 -58'63
2 634695 ST BB .. ovciiiadd L0 bl s 1L oo e B T N
1 62°5438 AAGBITIR . |l e s 727 ||l e e DN S S e
3 S 566442 e T ARl | S . [T T i 2l T L T Bl e
2 544961 B9 Al Lo . U bt ROl <Rl PRS- S bm Tl o
g 49-8607 4339°848 .854 634 *780 —53-82
48°3347 A825981 (L. ia a2 A0 | I b o L R
3 S 46°3360 LB HORT i Sohercrect Lol e v » Elimor oG ]| lovonararaforer = FToreTH f o b Biors ALt e tore
Weighted mean...... . . T R AL - B7'57
oy T e | A + 1120
OB e o B %, e galclo i - 09
Curvature . ..... S e vae [T - 50
Radial velocity ... couvevrieineceeianninn. -47°'0
R o DRACONIS 422, PrA s
1906. ov. 6. rved by
G.M.T. 12v45m Mosod oy } W. E. Haerz.
Computed -
‘ Mean Corrected Normal Displace- .
wt. of Seitings. Lgn’;;ﬁ. W. L. W. L. ment. Velocity.
3 S 68-2300 4528°798
2 6652341 4494700
2 639604 4480° 605
2 635566 4476190
2 62° 6820 4466699
3 S 567361 4404°927
3 S 484300 4325°939
WielGCIER/, o riepl e LT S0 & 1lave o ve.. — B2°18
AR 0 e 1S + 1119
SV iy Ny, rr, s e —00 Y
Curvature...c cor-cvneoanen —_— 50
RAdial (Velotity- oo o s st e el o et ot — 416
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« DRACONIS 428,

1906. Nov. 8. Observed by
G.M.T. 12v4om Moasved by } W- B Haness.
Computed :
Mean Corrected Normal Displace- .
Ws. of Settings. L‘Z;:ﬁ WL, Ww. L. ment. Velocity.
2 69-9312 4549-735 |.......... . 642 |..... 1w RN eSS
1 69°8497 4518°766 - 692 ‘642 950 —62°60
3 S 68:1502 ASZRCTOR eI, ST S R L TN R ey MU L Hio I T g
2 65°1595 S49TAT T LR R S TROT AR e iRt ST
2 63°8742 4480°523 510 400 890 —59°54
2 634790 Y :
2 626002
3 8 56° 6599
2 645105
% 4985631 4339°598 604 ‘634 1:030 —71°07
4835568 4325937 pi e R ARl | Sty
3 S 46°3577 430808l |...0.o...... p et A o8
3 462693 4307301 301 081 780 —54°21
Weighted mean..........co.eoa.s b — 61°09
[l Y PR + 11-35
ey 2 1 i XICA o [1a et e — 11
Curvature. ....... .. o =11 .60
Radial velocity. ....... b A .. — 503
R e a DRACONIS 429. s
. Nov. 8. erv y
G.M.T. 13b4om : Mtoamurad by J W- B- Harees.
Wt Mean Computed Corrected Normal Displace- Velocit
2 of Settings. Len::l? W. L. W. L. ment. HOCTAY:
2 70 1414 4549°709
4 70°0718 4548 - 881
3 S 68-3617 4528° 798
1 65°3712 4494 °765
2 640896 4480° 586
1§ 636816 4476155
2 628133 4466698
3 S 56°8672 4404927
1 *50°1845 4340° 752
3 S 48°5620 4325939
Weighted mean . .....oovveeeeneananasns — 54°22
Vi 0l b e b + 11'35
AV Pt et - £ o A R
Curvature. ......... ...... — 50
Radial velocity... .... ...... 510 S omios — 435

* A sharp line showing in the diffuse Hy band.
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1906. Nov. 8.

DEPARTMENT OF THE INTERIOR

7-8 EDWARD Vil., A. 1908
a DRACONIS 430.

Observed b;
G.M.T. 145 50 Measured by | W+ F- Hazezn.
Al 3| g s
Bl B | & Bl B | g
Mean |[Computed | i Mean |Computed|3 g
= of Wave (5 S § Velocity. {5 of Wave |5 | Velocity
g Settings. | Length. | & g ] .%“ Settinge. | Length. g g )
= (=3 oot
B S & | & = o |=& | A
2! 72:8957| 4684126 L8 TSR KRty S 2| . 63°6049] 4476°129|....
1 72:8267| 4588°150(-068| -018| -950! —61-94|| 2| 62°7401| 4466°739
1 71-8211| 4570°928|°889| ‘849 -960] —62'88| 3! S 56°7940] 4404927/,
218 70°0539| 4549°642|....0.. .. .e...leceesenn. 2| 54°6446| 4383°698|.
1] 69-9830; 4548°798).782 1 49-9985! 4339 681
3| 68-2857| 4528°850].... 3| 48-4942| 4325-950|...
2| 65'2042| 4494°781/.... 31 S 46°4954) 4308°081]....
3| 64:0222 4480°698(° 670
o a DRACONIS 431. el 2
. Nov. 8. rved by )
G.M.T. 16 Measured by}W' E. Harres.
R A4 | g
g 1
Mean |Computed §B E g Mean |Computed '83 E g L
= of Wave (B & j Velocity.| 2 Wave |5 S § Velocity
| Settings. | Length. | & g B %| Bettinge. | Length. | & g | &
= <} =4 5] ho [ o )
B S |& | A& = g = A
2! 70°0770| 4549°657|....| 642 ... .|[...cc.... 1|  61°9930] 4458°602/°586! -301| -715{ —48:05
1| 70°0138| 4548°907|°896| 6421 .746| —49°16i| 3| S56:7999| 4404'927.. ..{......leveeei]ireenn &
1| 69-2565) 4539°964(°958{ 772 -814( -—-563'72| 2 54°6515] 43837 TROE v | etpavees
1) 686867 4533:296{°294| -134| -845] -—55°85([14| 50°0245( 4339°887/°894] 634 740/ -51'06
)55 B8 2909 | ABRBFOBIL. Il L Sfllfe e el e b 3; 48749565 4325-928|.... O ... f.ieiabae
1| 65:3091] 4494-788/....7 ‘T38[......l.c. ouu.. 8| S46:4905] 43087081 . b et e cos ol e e
3| 64-0232| 4480°570{°570| -400| -830| -b65-52|| 3] 87°5207| 4232°679°678| -328) -650| -46°02
1|  63°6216( 4476°179(....( "185(......[....c .. 1|  37°9485; 4236°101(.... b b0 B e
1| 62°7521] 4466.749|... o747 I o P
Weighted Mean........coicvveienencsaenn -52'55
@ aeisioe s e siewissteis Mk + 11
Mo T it o h bt A e A 00
Curvature .. ....... .eeeeennn - 50



Curvature..
=

Radial Velocity

REPORT OF THE CHIEF ASTRONOMER 117
SESSIONAL PAPER No. 25a
o DRACONIS 435.
1906. Nov. 16 Observed by J. S. PLASKETT.
G. M. T. 15> 82 Measured by W. E. HARPER.
dl 4| 8 e
Bl B | & =l B | §
. Computed|§ g Computed|g g
+| Mean of 3 - § 5 +| Mean of 2 s 3
: ave 2 Velocity. .= ; ave |8 Velocity
% Settings. Length. § g ;g. .g Settings Length. E é é‘
E MBS R B S | = | A
1| 727836 4583°895|....| "O018|......|ccc0eunn. 3| 63°4899) 4476°076|....
4 72'7171| 4585°075|°178| 018 -840 —54'76|| 2| S 56-6805 4404-927|...
Il 69-9458! 4549°544|....| -642(. A L 1] 54-6351 4383:736|....
1| 69'8785| 4548°745|°792| -642| °850{ -—b56-01) &1 49-8815( 4339-616|"
21 S.68*1278] | 4528 7O8] .l bl ve s sy s core aoe 2| 48-3863| 4325°952|....
1| 65°1776] 4494-687|... e | T A s 2| S 46°3903| 4308°081]...
3| 63-8822 n ‘460 -400] -940| -62'88
Weighted Mean............ —61'63
Vel s o e +11°82
S T - 04
Curvature......... - 50
Radial Velocity............ ....—50'8
a DRACONIS 438.
1906. Nov. 19. Observed by o
+G.M.T. 132 15m Measured by}w' E. Harper.
F I
i Computed|TQ g i Computed|3 g
+5| Mean of 2 —_ . ils3| Mean of 2 —_ s
= : Wave |© & 2 |Velocity.||= : ave & Velocit;
'%o Settings. Length.' g g E' % Settings Length. g g é y
B IR B < -
; =t
1) 70°0752) 4549°633(....| °642......]... ..... Al
1 69°9975| 4548°708|'712| 642 -930| -61-28|| 3
3| S 68-3017) 4528-798|....]...... et B P g £ 8 2
2| 65°3075| 4494°722(....| °738|..... |i.eev....|| 2
3| 64°0136] 4480°414|°440] 400, ‘960 —-64-22|| 2
2| 63°6254 4476°166]....| 185|......[......... -
Weighted Mean............
! R s T
PG o et S Kers e -
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a DRACONIS 447
1906 Dec. 7 Observed by J. 8. PLASKETT.
G. M. T. 16» 3 Measured by W. E. Harpen.
S 4| 8 E{EE -+
- E L5 . = @
Mean |Computed 32 B 8 Mean |[Computed Eg B £
-2 - - . - — .
= of - Wave S ] 2 |Velocity|l= of ave |9 ] g Velccity
2| Settings. | Length. -| & g E. -2 Bettings. | Length. | & g =
=] o
B . G | B = S5 V7w B
1| 70°0639, 4549°943('895] -642( ‘263 -+16°67(| 2 627195 4466°677(... 77T HICeR) [N ¢ 898
2] T70°0427) 4549°692|....; °642(......|........ .l 3 8567810 4404:927|... | ... | ..... Dyt ol
3| S 68-2658| 4528 798| ... i e ..[| 2 54'6345| 4383°'718|.... 1 ) A e
3| 65:2792] 4494°783|... 2!  50°1348| 4341-028(°'034| -634) -400| +27°60
3| 64-0944( 4481°657( 630 -400( -230| +15°38( 3| 48-4832) 4325°931)....7 "939!. .. |........
1| 63-6035| 4476:277( ...| ‘185 ... .|.c.ee....|l 3] 846°4880] 4308°08Ll....[.... |...ccifienannn.
Weighted Mean .............. +19-67
N T e L e +11-94
OV T B A ik + ‘10
Curvature........ - 50
Radial velocity............ N +31-2
ST i o DRACONIS 457 Cidisid s
ec. rved by
G. M. T. 18" dom . Measured by}w' E. HarPE.
S e =l | = g
| B | &8 B |2
Mean [Computed|TE g .| Mean [Computed EB = g
2 of dve |5 i 2 | Velocity|| = of ave |o S 2 [Velocity
5| Settings | Length. (& | B | B 5 Settings. | Length. |5 | § | &
@ 5 S % i) 3 o )
B S | & | & Z| S| & | A
|
1| 70°0572; 4549°960/°962| -642( -320/ +21°08| 2[ 62-6839] 4466:704.... e R [ ........
21 70°0301| 4549°638|.... 642......] ... ol 3L B G TI0o M0y LT, L
3 S 68:2502) 4523'798(....] ..., {..... cee e...-li A 50°0392] 4340°933/°934 -634] °300 420 70
1] 66:4960| 4508°737|'7351 455 -280| +18-62|| 3| 48:3915 4325°925.... OB S N B S
2 64:0671 4481°715|°700] 400! °3C0| +20°07| 3} S 46-3900] 4308°081).. f..... |+ coculevenenen
1| 635640 4476:224|....| 185/......0.cceeen..
Weighted Mean........... LA +20°04
IVEG o Tob e oxoie et = e +11'78
T Ceao v + 15
Curvature........ - 50

Radial veloeity . .. ocoans




REPORT OF THE CHIEF ASTRONOMER 119
SESSIONAL PAPER No. 25a
a DRACONIS 457*
1906. Deec. 11. Observed by W. E. HARPER.
G. M. T. 18 4)m Measured by J. 8 . PLASKETT.
= A S | = Al |
i g ) il z
Mean |Computed EB E g . .| Mean |Computed '83 E g
= of Wave |5 @ 2 [Velocity |5 of Wave |8 3 2 |Velocity
%| Settings. | Length. | & g - .20 Settings. | Length, | & g i
3} 5 <} -] i 8 o -
B ol R ) = S TS
1 70°0592| 4549°615| ...| -642|......|. .11 63:5910| 4476°178]....]1 185[......0v00urune
70 0839 4549-908|°938| -642| °'296| +19°51)|2 b56°-7495 4404 912/, e E gl = ot %,
2 68-2755 4528°731L 't o (IS N Al 50°08 4341030, 038 ‘634 404 27°92
3| 66-5167| 4508:620|°680| ‘455 '22b 14-96/13 48°4238 4325°936|. L Rl OO SRS
2 65°2717| 4494663 .... e [ MR 4 48-4486| 4326° 160| 163 ‘939 224 +15.52
2 G4:0914) 4481 649i 701 -400; -301 20-14||2 46°4179| 4308° 053I H0h 1 b 18 LA
Weighted mean....
VR e
T e ) S e
Curvature
Radial velocity....... ...
*Check measurement.
a DRACONIS 457.*
1906. Dec. 11. Obzerved by W. E. HARPER.
G. M. T. 18h 40 Measured b N. B. McLEeaN.
e Sl
| Mean |Computed g = E g .| Mean |Computed "%3 B g
e of Wave |5 = 2 |Velocity |2 of Wave |8 = 2 |Velocity
-&F| Settings. | Length. |& g 2 0| Settings. | Length. £ | H E
£ |2 |4 : EERE
2 70° 1115 4550°218(-306, -642] ‘664, +4376 |2 62:7089] 4466°623i....| ‘727|......0........
2 70°0508) 4549°546(....] -642/... . |...... ) 56-7509| 4404-912|....| -927!..... MR,
3 68°2784| 4528-748!....1 798......| eeuurn.. 3 50°0562| 4340°791(-819 ‘634] -185| +12°78
1 66°5236] 4508°681|'737| -4b5| 282 1875113 48:4200] 4325°889|....| “989|......]c0i0u.n P
2 64'0900| 4481°610|°658] ‘400, °258 17-26/|3 46°4195) 4308°054|....| -081 ..... o tc) e
1 63°5898 4476°151)....| -185. ....|.... U
Weighted mean e 427742
Va oo +11°78
Va or G h
Curvature.. —-50
Radial velocity. .. ..... 1385

* Check measurement
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o DRACONIS 4658.
1906. Dec. 13.

Observed b
G.M.T. 13 2= Measured gy} W. E. Hagres.
R R
.| Mean |Computed g? E g .| Mean |Computed EB E g
£ of ave |B i § Velocity || = of ave |9 | & |Velocity
20| Settings. | Length. | & g ] 2| Settings. | Length. (& g )
E IR B - 3 S | =% | A
1/ 70°1807| 4550°120|°129] -642] -487] +32'09||2 62°7824| 4466°669... &5 7 ¢ PR B
2]  70°1390| 4549-628}. ..| 642 .....[......... 3 (S 56-8146] 4404°927....0..c..fivves [eeraenen
8118 68"3582| 4528 ' T08].. ... ccor | iasanmo]soceennn 2 54°6584]| 4383°729!....1 ‘720| . .. |........
2| 6573567 4494°'790|....1 ‘738i...... veeesno of| 31 50°1363) 4341:035/-019| -634| -385| 42691
3] 641686/ 4481°695(°685| °400| ‘285 +19'06/|3 484796 4325°963|....! 939(.... |........
2| 63:6704] 4476°263|....| “-185|. ..... . eseze o lBES 46 4TIV AS08 BRYL J AR O I TR
Wei%hﬂad mean.... .... +22°83
e . S 2 o e +11°68
e TN R 85 00
Curvature.......... —50
Radial velocity .........- +34°0
o DRACONIS 462.
1906. Dee. 17. Observed by J. 8. PLASKETT.
G. M. T, 170 49m Measured by W. E. HARPER.
Mean |Computed; EB E g .| Mean |Computed '§B B g
= of Wave 8 S § Velocity. || = of ave |5 2 § Velocity
%| Settings. | Length. |£ g = ¥l Settings. | Length. |k g B
=3 S | & | A& 2 S |z | A
2 70°0536] 4549°678(....[ '642( .....1..ccee.... 2 62-7087| 4466°666 7 By Dt b
3 70°0424| 4549°'544|°512] °642| 130 85613 (S 56°7632] 4404°927)....|......0..... . ]eenvennn
318 68:2726) 45628°798/....0... -.Jeeenen] ceieenns 54-5990| 4383 707 L R Sy 2
3 65°2756| 4494766 S T e 4| 50°0332| 4340°529| 514{ -634| -120, -8-928
4 64'0368! 4481°087|°060| ‘'400[ -340] —22'74(|2 48°4342| 4325-971 ] | (e S
3 63°5915, 4476°224 ) Lo e g B (i e 3 | S 46°4282] 4308°081f... | .. - |...eeifeanancan
Weighted mean. ...... . -17°94
=T +11-42
R AT + 15
Curvature........... - 50

Radial velocity.. -... S S o B o -69
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SESSIONAL PAPER No. 25a
o DRACONIS 490.

1906. Deo. 18 Observed by
G. M. T. 18 m Measured } W. E. HARPER.
| A A | g A | g
.| Mean |Computed3E B2 g .| Mean |Computed E? E §
= of ave |8 = § Velocity| | & of Wave |5 & &  |Velocity
5| Sottings. | Length. |5 E |2 %) Settings. | Length. [£ | E | 2
=3 S |z | A 3 S | % | A
=
2 70°0805| 4549°626( ...| ‘642 .... |......... 1 62°7312| 4466°717]....
3| 70°0339 4549-075|°092 642 550/ — 36-24|13 | S 56:7629| 4404:9271...
3 -8 683008 4028 T8]. . il e ks - fealeit 2 54:6054| 4383 694]....
2 65°2975 4494°765).. .| T38| .... [....e....|l 3] 49°9881] 4340°083|
3 64:0505| 4481°019]°020; -400| °380| — 25°42/|3 48°4366| 4325:959]....
2 636060 4476°174|....] "185) .... |......... 3| S46°4310) 4308°081]....
Weighted mean. ... - 28°34
iyt Tl +11'36 #
AT s 5054 + 14
Curvature. . - 50
Radial velocity.... ... «..... - 16'8

« DRACONIS 524.

Jan. 9 Observed by J. S. PLASKETT.
G M T. 16t 10m Measured by W. E. HARPER.
’ S04 |8 A 4 | 8
. . 5] ; - 8
' Mean |Computed 3B B g .| Mean Computed/ZE B g
=] of ave |8 2 & | Velocity|| = of ave (B8 | -& g Velocity
20 Settings. | Length. | & g & 3| Settings. | Length. | & 8 &
2 8 ;
B I B S | =% | &
i- 70:0357) 4549°479|....] 642|......00cc00ue.s ] P28 4466 70 L LUl PERT) e d e e e
1 69°9853| 4548-881(-992/ -642) ‘650 — 42.83' 3 | S 56:7590] 4404°927(....1 . Jeeeenifeoonn.. b
S 8632714 46281798 (Ll ) ol e eeeenad 2 54°6102] 4383:733(. ..| "720/......[cc0.cnnn
2| 65°2685 449%4° 693 TR oot et el 2 49°9830| 4339°930(°904| -634| ‘730 - 50°37
3| 639895 4480°571 570 *400) -8380; ~ 55-52|(3 48°4527) 4325°967|....] "93%......0c..u.n.n
2 | 63-5907| 4476-214|. I =2 i L) e 18| S46:4514] 4308°081].... 0 oieiferiein]annn s
Weighted mean... . - 51'69
S R s + 8°94
S e + 15
Curvature, ... - 50
Radial velocity............ __—-——-43—1

25a--9
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1907. Jan. 11.
G. M. T. 17» 46m

DEPARTMENT OF THE INTERIOR

7-8 EDWARD Vil., A, 1908

o DRACONIS 528.

Observed by J. S. PLASKERTT.
Measured by W. E. HARPER.

I Al 4 | 8
| B | & | B | 8
. | Mean |Computed Eg = . | Mean |Computed '83 . 5
B of Wave |9 ] 5 Velocity.|| & of Wave |5 3 & |Velocity
.g- Settings| Length. | & g g -% |Settings| Length. | & g &
- o B
2 3|z | A& B S|z |@a
S 3] 65-3082] 4494°738|.... ey s B e ey e ll 54°6475| 4383:776(....1 °720..... |..0..e.e
2| 64°0390| 4480°721|°700| -400{ °-700, —46°83 2| 50°0264; 4340 065|°044] °634( °590 —40°71
2| 636273 4476°224{....1 °185( .....{......... 31 48°4764] 4325925/ ... +939 e
2! 62:7546! 4466°770....| “727\......)....e.... S 3 16-4778| 4308-081)....)......0..... ] el
82| 56:7980] 4404°927|... .| ... |oieifeeenenans
3 Weighted Mean..... .. —43'79
Wi oo it + 863
N g A + 16
_ Curvature. . - b0
Radial Velocity.....cooecevunnen. -35°5
a DRACONIS 566. :
1907. Jan. 21, Observed by J. S. PLASKETT.
G. M. T. 16t 14m Measured by W, E. HARPER.
4040 4 04| E
| B | B | B | §

.| Mean |Computed|§5| = ;| Mean |Computed E? = ,
= of ave ‘é & § Velocity.|| & of Wave & g Velocity
.% Settings. | Length. |& g 2 .| Settings. | Length. Sé g B

(=] * epm .
B S (= |A =3 o I

2| 70°0520 4549°448|....| ‘642 ... | .. ....[ 3| 56°7706| 4404-972\....| -927|......[........
1| 70°0481| 4549°397°592| -642| 050 — 3°29(| 2| 50°0527| 4340°613|°434) 634 200 ~13'80
2 65°2711| 4494°536|...., '738l......0......... 3| 48'4670] 4326°154)....| °939|......|....0cen
3] 640499 4481°'060|°160| -400| -240| —16°05|! 3| 46°4677| 4308-335(....| -O08L|......[....... .
2| 63:5975| 4476:122|....[ °185|......0.........

Weighted Mean........ -13°17
Vot Gt + 708
W R e + 15
Curvature. . - 50
Radial Velocity.....cocoenreeeee - 65
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SESSIONAL PAPER No. 25a
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o DRACONIS 593.

1907. Jan. 30 Observed by
G. M. T. 175 0gm Messared by}W' E. Haregr.
R =il S
P - R =Bl B g
.| Mean {Computed TR 2 .| Mean Computed 2 o
= of ave & & |Velocity.|| 5 of Wave |B & § Velocity
.8 Settings. | Length. g =" .2 Settings. | Length. | & g =
@ o =) L= i =} =} 0]
2 o | % | A B Bl & &
2|  65°2447| 4494°574 ‘ s I ] TR 2[ 50°0820| 4341-193(°234| -634| -600| +41°40
3| 64°0011| 4481°840('950| °400| °550] +36°79|| 3| 48-4028| 4325°896|....[ 939|......{........
2, 625662 4476°110(....| °-185{......| ........ 3| 46°4055) 4308°091!....] "O8l}......[........
3 567275 4404°863|...0 -927|......|. .
Weighted Mean...... +38°63
AT cpTn + 538
A 2o AT AR + 15
Curvature..... . — ‘50
Radial Velacity......coonvenn oenn +43°7
o DRACONIS 603.
1907. Feb, 6. Observed by J. S. PLASKETT.
G. M. T. 18h 02m Measured by W. E. HARPER.
e 2l A0d | g
3 B &
| Mean (Computed '83 E g .| Mean |Computed '83 : g
£ of - ave |5 S 8§ |Velocity.|| = of ave |9 & § Velocity
% Settings. | Length. | & § = 20 Settings. | Length. | & § E
B & B =2 " B0 A~
2|  70°0599| 4549°656|....1 642 .....|......... 2|  54:6360| 4383°838
1| 70°0490| 4549°527|°512| ‘642 -130{ -~ 8°56|| 2| 50°0753| 4340°6562| 554
1] 65:2801| 4484-7811.. ) T38l.... [|...ccece.. 3| 48°4740] 4326°042
3| 64°0707| 4481'314/'275| -400/ 125 8:36|| 3| 46-4750] 4308°186|. ..
1| 63:6050 s hipe R L £ s Sl L A 1] 46:4605 4308°058] 961
3] 56-7826] 4405'012|....7 927} .....} ......

25a—93
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DEPARTMENT OF THE INTERIOR

a DRACONIS 612.

7-8 EDWARD Vii,, A. 1908

1907. Feb. 12. Observed b,
G. M. T. 150 Memcined b;,}W E. HARPER.
d04 | g l Sl d | g
Bl E | B Bl B | &
./ Mean |Computed g | Mean [Computed '§
£ o Wave |§ | @ | § |Velocity|\Z| "o Wave (8 | @ | § |Velosity
%! Settings. | Length. | £ Bl g Bl Sottings. | Length. |§ | & | &
-1 =) .pm
B S [ |8 = o S -
1| 70°5b47| 4555°551(°622| 262 -580| -—38'17|! 3| 6470239 4480°801)°740( -400) -660] 44°15
2. 70705161 4549°'5b8:....0 43,000 i 2] 63°6090] 4476°266|....7 -185(..... |........
1} 70°0155| 4549°129|°202) ‘642 "440 28°95.| 3| 66°7835! 4405°020]....| ‘927 ERUTN
1| ©68:6833] 4533°462|°479] ‘139 660 43°62|| 2| 50°0368| 4340°298|-154{ -634| -480| —-33'12
3| 638°2827| 4528-805]... e O TR LY S L 3| 48°4795| 4326°092).. .| "939l..... |........
2 65°2884] 4494°774|....0 '738l..... |... ..... 3| 46:4821] 4308250 DRI e e
‘Weighted mean. ....... - 38:76
3 eve svee + ‘2.84
) AL + 15
Curvature ..... .... = S
Radial velocity. ... ..... — 360
o DRACONIS 772.
1907. May 22 Observed by J. S. PLASKETT.
G. M. T. 208 23 Measured by W. E. HarPEn.
TR IR
. | Mean [Computed '§B B g Y . | Mean |Computed Eg E 2
-} of ave § I § Velocity|| 2 of Wave & § Velocity
% Settings| Length g ) .%P Settings| Length. E g 2
B BERE E S |2 |A
2 | 78-6890| 4880°625...... ATABL oA o oo o 1 | 62°8200{ 4549503 9-542| 9-642| 100 659
2 | 77°8348] 4860°425 105 — 6°48]| 13| 58°3070| 4469-851|...... L P O [
13| 77°4210| 4850°750) Sy [ = A 4340°540, 0-540| 0°634| 094 648
14| 7563228 4802-762|. 4325°950}.... . BB80 LA s
82 61'6768 4528'798|. 4404°927).... ia e | T e
2 | 59-7b17| 4494'761|. 4294-228| 4°233| 4°273(°040{ — 2°80
2 | 58-9758| 4481-310 4260°640(..... |...... PR
2 | 62-8255] 4549602
Weighted mean............. - 567
l%’a ...... . .. -11-73
I o 18 d 980700 6adb o - 15
Curvature.......c....... - '3
Radial velocity.............. —178
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SESSIONAL PAPER No. 25a [
« DRACONIS 799 k MRS o
1907. May 31. erv y J. S. PLASKETT.
SN T Jon sm Measured by W. E. HanrEr.
Rk SENE
5 g 5] < . 5}
Mean [Computed EB B g Mean |Computed EB B | g
02 = sllse =i "
= of ave & 2 | Velocity|| & of ave = _é Velocity
% Settings. | Length. | £ E g % Settings. | Length. E E |2
B s |z |A = R
2  73-6686] 4881°512[...... 1-745 l ......... i1 54'7212] 4494'816].... . [ 4°738[....[....00ue
2] 73:2481| 4871-441)...... T AGEE N 7 2 b3 9315 4481°118| 1-050; 1-400|°350] 23-41
2| 728110, 4861°197| 1-207| 1-527|°320| ~19'58|| 1| 53°2791| 4469-926|..... DN a et s,
1 b7-7965| 4549°772|...... SRR e 2| 45°2691| 4341°004|...... SR | S el
1% b7°773b) 4549°352( 9°222( 9°642| 420 27°67|| 2| 456°2025| 4339:995| 0°154| 0°634| 480 —33'12
Weighted Mean.. ......... ~25'94
M STl by R s GO S -11'76
Vo R Eaalle L eovi sl T
Curvature...... ....... - 28
Radial velocity............ - 381
o DRACONIS 809
1907. June 8. Observed by J. 8. PLASKETT.
G. M. T. 18~ 50m Measured by W. E. HARPER.
. | Mean Displace- . Mean Displace-
= of CSO r{:cted ment in | Velocity. || & of C&mﬁeﬂ ment in Velocity
2 | Settings, | V8- | Revw % | Settings. B- | Reym
B B
MR ) e e ) T A 3 MR SR T Al s R PR i ST < i
2|  72'7925 7957, 0230 ~-33'73 2| 45-2251 2217 ' 0270 28:35
L D AL 01 s (NS ) et (e ) L RVIES S VDL 3 27-46565 ‘4591 0374 -89-27
AR U SR TR TR | S SRy DR LOTRIRRTL LT ol WL SRR 0N e Ry
13| 53-9339 9267 0300/ 34-68
Weighted Mean ........... -32°63
Wi b i b TV I -11:566
=t e LTk e - ‘15
Curvature.. . . ....... - 28

Radial velocity........... . - 446
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1907. June 10.
G. M. T. 16 47m

DEPARTMENT OF THE INTERIOR

7-8 EDWARD VII., A. 1908

a DRACONIS 815

Observed by J. S. PLASKETT.
Measured by W. E. HARPER.

Displace-
Corrected | ‘et in
Settings. g-

Velocity.

of Corrected Displace-

f ment in Velocity.
Settings, | Setting. Revm e

hpppee | Weight

a DRACONIS 815*
1907. June 10. Obgerved by J. S. PLASKETT.
G. M. T. 16t 47m Measured by N. B. McLEan.
5 Mean Displace- 3 Mean | Displace-
-] of %%mted mentin | Velocity. | & of %o:;rg:ted: ment in | Velocity.
& | Settings. E- | Rev® % | Settings €- | Revs
= B 1
2| 72em3l .. ... | BORBI b Lo Y et | MR e
1 727622 [ UL L (N TR VPO R b S R 41
2 72°3575|. . T b et e S S e 6 B e e o T
2 64°7145|.. 45°2268 2262 0225 —23°55
] 540019 R IR s = et Sl g D ot (| - T
14| 539298
\Velghted mean -20°62
................ —11-47
" Vd ................ - 12
Curvature ......... - 28
Radial velocity........... -32'5

*Check measurement ; the wmean of the two, 31°0 ks, per sve. was used.
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SESSIONAL PAPER No. 25a

« DRACONIS 823.

127

oo l Weight.

Observed by
G. M. T. 14h 17™ Mesaured by}W' E. HARPER.
Mean Displace- s Mean Displace-
< of Cé)emwd mentin | Velocity. || & of Cs(;r:;;:ted ment in Velocity.
20 | Settings. L Revm 20 | Settings. g Reve
B B
2 e e O T o | A 0 e s i =5 At e 1 5 S b | o Ao ) (e SO AR UL (Rt e
2 72°7926 7976 *0211 -30°66)| 1% 53-9347 *9369 0197 22'73
1 7 0 L | I | |-t Sl 111 e 1AM 18 o 2 g s S T R | vt R S TR | T S AT R
12 (o ST e AR |y Tl ony i AT TR ) 14 45°2077 2077 10410 ~42:92
57°7961 7904 0143 17-24
Weighted mean......... -30°62
B | RS oA b i Tiens ' -11-43
S N AN A R AT A =S LS
Curvature......... =2
Radial velocity.......... - 42°4
i a DRACONIS 859. T
907. June 20. rved by 3
G. M. T. 1% I7m ammeced By } W. . Hanres.
Mean Displace- Mean Displace-
Corrected . I Corrected : .
of . ment in | Velocity. of . ment in Velocity.
Settings. Setting. Revns £ :% Settings. Setting. Revm :
i B

Radial veloeity....... .
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1907. June 21.
G. M. T. 16> 36™

DEPARTMENT OF THE INTERIOR

7-8 EDWARD VIi,, A. 1908

a DRACONIS 870.

Obeerved by J. 8. PLASKETT.
Measured by N. B. McLEAN.

- Mean Displace- . Mean Displace-
2| of | Gmected| ‘ment in | Veloaity. || £ | of |Gerrested| ‘pent in | Velosity.
-2 Settings. Reves = Settings. Reve
B B
s T T IR (= e [ il 1] b3-99as| 9665 0033 - 380
3 72°8634 -8530 ‘0118 - 17°12{| 1 LR L) R P S e B 2 e
1 by LY | PO [ gl P e[ 3 45-2782 2458 ‘0071 + 74
1 [+ 7 310 IR | (RS s HF 13 [P s T
‘Weighted mean ........ -~ 637
7T S v ~ 10°79
4 Va, L inirs iR
Curvature..... -~ ‘28
Radial Velocity.. . ... ~17°6
Ry o o DRACONIS 870. AT
. June 21 . served by
G. M. T. 16" 36m Measured by }J' 8. PLASKETT.
. Mean Displace- 3 Mean Displace-
= of Cé)er;:lcted ment in | Velocity. || B of Cé)errt;cted mexll)t in | Velocity.
.%}’ Settings. R Revym % Settings. pe: Rev™
B B
2 T I iees e I (198 4= et iaavy wil el li B8-BTREI . oo i b bl S il
2 728430 8542 0106 - 15°38|| 1
3 TRIGROB >, . | RWRPC O, SN S 2
2 ot Sard v SO S| O SN (R 3 .
2 54°0370|.......... e L o 1 45° 2669 2473 0086 + 898
3 639617 9533/ 0165 - 1899
"Weighted mean. ........ - 1312

Radial Velocity... ..... - 243
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1907. July 4.
G.

o DRACONIS 911.
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Qbserved by
Measured by }W. E. HARPER.

M. T. 15 0gm
.| Mean Displace- .| Mean Displace- A
b of Cé)er::eted ment in | Veloeity. = of Cé)mted ment in Velocity.
20| Settings. ng. Revme 2| Settings. g- Revr
-3 B
2 s 7 T e, S s 00 1 o AT A 2 540187 0297 05699 6894
3 72-8801 9021 0373 + 54°13|| 1% 53:1057|...... ... Nt pr e MRS Ere, TR
1 s R e T M (A R 2 A DB Tt rep | i - e Ay e,
2 1 S [ o [T F e 13  45-2895 3003 0616, + 64°85
Weiﬁ‘}lted mean ..... +65°55
A PNy i - 9°52
VL s S adinet =\ 1113
Curvature ....... —. 128
Radial veloeity........ccoc0een venenen.s +56'6
a DRACONIS 916.
1907. July 5. Observed by J. S. PLASKETT.
G. M. T. 14 50m - Measured by W. E. HARPER.
.| Mean Displace- .| Mean Displace-
E of Cgr::_cted ment in | Velocity. ] of Cé)rre_cwd ment in | Velocity.
ol Settings. | SEUUIDR- Revne .%:’ Settings. etting. Rev™
D
B B
2 TEiplina] R R s A 8 P e e 0 1 1o ot R Y BT PR ] [ e e LA TS =
2 728963 9039 10391 + 56:74| 2 ADF2TPN e oo lr el FE) = gy e AR e 4
1 il bt T e o ] e L] e el et T 2 45°2857 2884 0497 + 51°87
ol TR e RS R il T A R R R e
2 53:0186 0180 0482 + 5547
Wei%l}ted mean....... +54°69
@ oreen soevae vas . - 940
VR it s - 09
Curvature ........ - 28
Radial velocity..... ............ i _— +44'9
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SUMMARY OF VELOCITIES.
Date, Phase. | Velocity, Date. Phase. | Velocity.
1906. 1906.
July., " 2u67. ..ol 0°67 +8iDbe. AT TD N e Lo LA 1461 -7
" ] B N e ¥ T 275 R L RTINS | TN e o 0 e e 1561 ~17
1907.
4459 =221 Fan, N E e 3753 -43
2-20 ETR I E LS s LI e e 3961 ~35
i [v] 0 T AT e o 49°53 ~6
19°20 =3 = ST s ol svhord § sin e 7°19 +44
28-20! —42
3616 —421Feb. 6°75.....c00cueecuunnne 14 ~ 4
" A A UL e PR L 2010 ~36
42°12 -39 -
574 +32i|May 22°64. . 16-57 ~18
n 3168, 2541 ~38
1976 ~40
24°77| —44/June 8°78. 33°50 -45
26°76; —-45( o 10°7 . 35-42 ~-31
34-91 -50[ w 116 . 36-32 ~42
3778 -54) » 2064 45-36 ~20
v 21°69, 46-41 ~-21
4°b7 +31
8:65 +31July 4-63 7°96 +56
10°40 +34)| u 562 8:96 +4b

The above table gives us all the available material for the work in hand so far as
our own observations are concerned. However, for an accurate determination of the
period it is necessary to have observations extending over a long interval, and we were
glad to avail ourselves of some early measures of the Yerkes, Lick and Potsdam obser-
vatories extending from 1901 to 1906. A summary of all previous observations known
to the writer is given in the table below.

PREVIOUS OBSERVATIONS.

Date. Phase. Velocity. , Observatory.

1991 SNov. . 200 R AL A S SN 11-46 +20lYerkes.
1902 Fume| 6B Rt e R e 13-82 + 1Lick.
003 A DY, 4 20 S e e T s e 2254 - 43_ "

tey My S Y LI COMSORRS W AT RN A Bt 2754 - 42‘ "

" PR S L R Sl 4 e oot G e 4654 —17/ Potedam.

" " 2 Ll e § S e oo B TR AT o 47°54 -14 "
1904 June 18 ......... R |G SR 28" 50, —42 Lick.
1905 n L T Ca p o S Ry O RORO 30 () G O ) 2784 —42
1008 Taal i e O r s UL i AT B 27-22 -40

" n A R I s S e e s 28-47 —42|Yerkes,

" " i TR P PO YR B A0 3 2o o 0 o] 3143/ -55| »

" " BB o enen: TR s e s RS GRAE 49°41 -9

n o ADEERE s o, SV A 095 + 1 »

w Feb. b I WA b T e e 1‘2'0:' +24 »

!
|
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From all the observations, the velocity curve was plotted beginning with an
arbitrary epoch, July 2-0 d, 1906. Previous observations were brought forward by a
sufficient number of periods and subsequent ones similarly brought back. A period
of 51-38 days brought the observations into the best agreement and owing to the
number of periods available, about forty, this can not be in error more than one or
two hundredths of a day. From this period, the phases given in the tables of velocities
above were computed.

Mr. Harper, in his paper on the orbit of a Draconis, published in the Journal
R. A. S. O, which is given below as appendix C, gives a complete discussion of the
available data and obtains the velocity curve fiz. 1, Appendix O, and elements from
an analytical method due to Russell.* I obtained independently from the same data
the velocity curve fig. 2, Appendix C, and slightly different elements by the method
of Lehmann-Filhes.} In both cases a preliminary curve was drawn from which
preliminary elements were obtained. An ephemeris was then computed from these
elements and the corresponding curves drawn which deviated from the original curves
in several places. An indication was thereby given of the general form of the curve
and .this was used to indicate the changes to be made in drawing the second curve.
These changes did not, however, in any case affect the agreement of the curve with
the observations, but in some cases improved it. This was possible on account of the
comparatively high residuals which allowed considerable latitude in curve drawing.

A second set of elements was computed from these second curves. In the
analytical method, Mr. Harper found it necessary to again change these values of e
and o to bring the curve drawn through the computed points into agreement with
the observational curve. In the geometrical method, the curve computed from the
second set of elements was found to agreé closely -with the observations and no
further change was deemed necessary.

As the observations are searcely of sufficient accuracy to permit of applying a
least squares method of correction, the method followed above is perhaps as satis-
factory as possible, although possibly not .carried sufficiently far to give the most
accurate values of the elements. As several other geometrical methods of obtaining
the elements from the velocity curve have been deduced by Schwarzschild§ and quite
recently by Zurhellent, it has been deemed of sufficient value and interest to give
determinations of the elements of o Draconis by each of these methods. Further, in
order to bring together in one place the various methods, and for convenience in our
own work, the essential steps of each are summarized below, using, as far as possible,
the notations of the original authors. Following each method is given as a numerical
example the values of the elements for a Draconis, the velocity curve used being
reproduced in fig. 7. This curve is almost identical with fig. 2, Appendix C,
of Harper’s paper below, but was redrawn from the observation. Very slight
differences in the drawing make sometimes considerable variation in some of the
elements, and this will explain the slightly different values of ¢ and w obtained by
Lehmann-Filhes method from practically the same curve.

SPECTROSCOPIC BINARY ORBITS.
General Symbols.

a = major semi-axis of the orbit of the bright star around the centre of gravity
of the system.

e = eccentricity.

¢ = eccentricity angle e =sin ¢.

o = angular distance of periastron from the ascending node.

T =time of periastron passage.

* Astrophysical Journal XV p. 252.

t Astronomische Nachrichten, 3242. A
§ Astronomische Nachrichten, No. 3629.

t Astronomische Nachrichten, No. 4191.
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i = inclination of the plane of the orbit to the normal plane.
U = periodic time, i
p = mean daily motion = 2U—7r
v = true
M = mean anomalies.
B =eccentric
u = angular distance of the star from the ascending node = v + o.
1 = velocity of the centre of gravity of the system with respect to the sun.
= maximum velocity in the orbit o
B = minimum velocity in the orbit Both taken positive,
N, = maximum velocity with respect to the sun.
N,=minimnum velocity with respect to the sun.
Fundamental Equations.
Take the production of the line of sight through the centre of gravity of the
system as the # axis, while the z axis lies along the intersection of the normal plane
with the orbit plane, positive towards the ascending node. Then

i;—;:‘.y:-y+—\;—t’-sini:(cOS‘U«'}‘G cos ) (1
IfweputD:f\s;;‘,C=y+Decosmthen
dz _ + 08¢ coswcos B—sinwsin
a—t._g:y+Dcos¢. . l-ecos E )
Z:=g=G+D cos U
- N,=0+D.
N,=0-D.
C-—N’+N’ A-B
< rds e 2
N,-N, A+B
D= 2

Method of Lehmann-Filhes*
The velocity curve—abscissa, times, ordinates, velocities—is drawn agreeing as
closely as possible with the observed points. Considering y=0
g—; :——\;F;in % (cos u+e cos o) 3)

and at maximum and minimum

A:—\;;sini(1+e COS )

= ——f——sini (1-¢ cos o)

f sini—A+B

Vp =g o i

—f—siniecos(o= ; (C))

LA~ §

ecos o= 5

dz_A+B A-B

ﬁ———2——cosu+ ) (5)

# Astronomische Nachrichten No. 3242.
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In the curve used as an example fig. 7, A corresponds to transit through the

ascending, B through the descending node.fg—: dt, the area between curve, axis, and

two ordinates is proportional to the difference of the 2’s to which these ordinates
correspond.

This extended over a whole period, say from asecending node A to next ascending
node 4’ must vanish, hence the areas above and below the axis must be equal. If this
condition is not fulfilled, determined easily by counting the squares of cross section
paper, the axis must be raised or lowered until the areas are equalized.

Consider the points C and D fig. T in which Z—: =0 then from (3) or (5)

A-B
cos U=-e 08 == (8)

at the corresponding times #, #, the star is moving parallel to the nodal line. As
it moves as far away from the ascending node as towards the descending node, f pr dt

from ascending to descending and also from descendmg to ascending nodes must
be each zero. Therefore the area AC must equal OB and BD equal DA’ and the
curve drawing, with the positions of the maximum and minimum points, must be
conformed to the above conditions,

At C and D from (6)

sinu—2\/AB cos U, = Ay
e S il ey 4
sin % ———-——2VAB S % -———A—B
=T A+B T T A5
.'.u=27r—u

If we represent the maximum values of z by 2, and 2, (proportional to areas
AC and BD respectlvely) and the corresponding radu vectors by r, and 7, then
z, =1, gin ¢ sin ¥,
Z,=r1, 8in ¢ sin ¥, = -7, 8in ¢ sin %,

"y 2,
T, T 2

e 4 P
"=

7=
l1+ecos (u,—w) * 1+e cos (u,+w)
% __ 1+e cosu, cosw—esin u 8in o
%, 1l+ecoswu, cosw+tesiny, sin o

and from (6)

sin u,-e sin o _ 2,
sin u,+e¢ sin o 2,
: 2, .
e sin o= 'gin wu, &)

3 1
giving with (8) e and o.
At periastron T, 4 = ¢ and from (8) and (4)
d A +B

y e ——(1+e) cos w (8)

Also from the known values of 4, and £, of the point €' we get

E, 1-¢ U, — o
t LRy 1
i Tay -1
E ~esin F,
T:tl—_‘_.’l.—“ (9)
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As the mean daily movement

9 :
= a_f%— and from (4)

SR | —_— 3
‘.a8ni= 3 V/1-¢* and reducing to the same units

a sin 5:432004"—5 1-¢ 10y
»
Example.

In the curve the y axis is 16-93'8 below the axis of zero velocity.
t, at maximum ordinate= 8-0 2,=262-5 A=66-18
t, at minimum ordinate = 28-58 z,=-362-5 B =27-52
log e cos o = 9-61552
log sin %, =9-95948 .-, u,=114° 2
log ¢ sin w = 9-16360
e=0:438 0=19° 27
T =ordinate 46-85 (1-438) cos 19° 27 =62-06 ... T=9-1

Also log tan % =9-83350 F,=1-19642

E,—o sin E,=-18915 p=-12929
v T=15-6-6-45=9-15 = July 11-15

a sin 1= 29,763,000 km.

Method of Schwarzschild.*

Draw in the position C or midway between the maximum and minimum points
of the curve a parallel to the axis of abscissa calling the new ordinates . Then
a8 O=¢=D cos u
P iakdes S o

: : U .
It is required to find pairs of points on the curve d.\stant?-from one another

whose ordinates ¢ are equal but of opposite sign. If the curve with the ¢ axis be
traced, be placed on the original after turning it through 180° around the ¢ axis, and

i 5 U A 7 2
be moved along this axis the distance—-, the intersections of the two curves will be

points fulfilling these conditions. There will in general be four intersecting points
P, P, P, P, two pairs, the two points of a pair being easily recognized as their
ordinates are 9 apart.
2 Ao U U
The abscissa of the points are ¢, 1, =1, + = fot =t 5

and their ordinates ¢, {,=-&» & &i=—&,
{4

%:cos U gy =08 U, =-Co8 U,
Cou,=u, 4+ (@) or u, +u, = 7 (D)
(a) is fulfilled if the points of the pair lie on different branches (b) if they lie on the
same branch of the curve. If P, and P, are on different branches then
u=v+to %, =v,+tw e V=0t
Hence P, and P, must be the positions of periastron and apastron and the former is

* Astronomische Nachrichten No. 3629.
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easily distinguished by two conditions. 1. Around periastron the curve is more
steeply inclined to the axzis of abscissa. 2. The curve extends over a shorter time
interval on the side of the ¢ axis on which periastron lies.

As in periastron ¥ =0 u% = 80 we obtain from the ordinate of the periastron ¢
its longitude

, S

Choose any point @ with abscissa ¢ and ordinate { nearly midway between peri-
astron and apastron. Find point ¢’ with abscissa ¢ whose ordinate ¢ =—¢. There
are generally two such points, one on the same, one on the other branch of the curve.
Choose the point on the other branch then

£ Tt Ay
7 =008 T =008 W =-cos u
wW=u+zx also
u=v+aw, wW=t'to, V=0v+g (12)
Let the corresponding eccentric anomalies be F and B’
E-e sin E=21r—t——U—T
E'-¢ sin B'= 2,,£;7—T
E-E-e¢ (sin B-sin B) =2,,t_;]i (13)
v E [1+e v B |1+e
tan — =tan — ¢/ —— Snt iy R
) \/1-3’“‘“ gt Ve (14)
v v
tan——2— tan—g— = |
E _e-1
by tan-—2—tan Teder sirss-
y E'-E
7 co8 —
X E+E
cos
TR (15)
¢ (sin F’ —sin E) =sin (E'-E)
V-t
E'-E-sin (BF-E)=27——
) (16)
From (14) and (12) we get
sin S8 cos v sin Hox
% Bl P 2E aon
I_ I+
If we place S Tk T el £ equation (16) becomes
2 y~sin S Sk,
U (18)
The solution of this equation is given in the table below which gives the value

4 V-t
of 5 corresponding to any value of T which is in turn obtained from the abscissa

¢t and ¢ of the points Q and Q’.
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From the ordinate ¢ of Q we have

%:cos u VY=U-~0
sin {=cos v gin g
e=cOSq

cos & & (19)
@ sin i=D-§—7—r~\/1-e’ (20)
m'gin*i_ U -
(m+m’)’_2,.-k’D.(V1_e) (21).
y:O—DGCOSm (22)

If the relative velocity of one star against the other has been observed y =o and
therefore

(4]
F=ecs e L (23)
giving ¢ when o has been determined.

SOLUTION OF THE EQUATION 25 - sin2y = P i

(7]
¥t t-t vt £t v—t t-t

7 T = v 7 T ] T 7 T ] T
0 00000/ 30 002060 0-1956 || 90 0-5000 |1120 0-8044 |150 0°9710
1| 00000 | 3L| 00318 |61 0°2040 || 91 05111 | 121 08127 ||151 0-9738
2| 00000/ 32| 00348 62 0-2125 || 92 05222 | 122 0-8208 ||162 09763
3| 00000 33| 00386 | 63 0°2213 || 93 05333 123 0-8287 |[153 09787
4| 00001| 34| 00414 || 64 0-2303 || 91 0°5443 | 124 0-8364 ||164 0°9509
5| 00001 | 35| 0040] 65 0-2393 {| 95 05554 125 08439 |[165 09830
6| 00002 36| 00488 ! 66 02485 || 96 05665 126 0-8512 ||156 0-9849
7| 00004 37| 00527 67 0-2578 || 97 0°5774 |/127 08584 (157 0-9867
8| 00006 38| 00368] 68 0:2673 || 98 0-5883 ||128 08654 |158 0-9883
9| 0-0008( 39| 006111 69 02769 || 99 05992 {|129 08722 {169 0-9897
10| 00011 (| 40| 0°0656 | 70 0°2867 |[100 0°6100 |[130 0-8788 |[160 09911
11| o-0015 | 41| 00703 T 02966 ({101 06207 |'131 0-8853 (161 0-9923
12| o0'002 (| 42| o075 | 72 0°3065 |[102 06313 (/132 08915 |162 0-9935
13| 00025 | 43| 00302 73 0-3166 (/103 06419 (133 08975 (163 09945
14| 00031 (| 44| 0°0855 | 74 03268 104 06525 ||134 09033 [164 0-9954
15| 00038 45| 00910 75 03371 (|105 0-6629 (135 0°9090 (165 0-9962
16| 00016 || 46| 00967 || 76 0°3475 |(106 06732 |[136 09145 | [166 0°9969
17| 0005 || 47| 01025 || 77 0-3581 ({107 0-6834 /137 0-9198 |'167 09975
18| o0-0085 || 48| 0°1085 || 78 03687 ||108 06935 |[138 0-9249 168 09980
19| 00077 [49| 01147 || 79 0-3793 |(109 0-7034 |[139 0°9297 |169 0°9985
20| 00089 || 50| 01212 || 80 03900 (/110 07133 |l140 0-9344 (170 0-9989
o1 ; 00103 /|51 | 01278 || 81 04008 [[111 07231 ({141 . 09389 {171 0-9992
22| 00117 || 52 | 01346 || 82 0-4117 |[112 07327 |[142 09432 (172 09994
23| 00133/ 53| 01416 || 83 04226 {113 0-7422 |[143 0°9478 1173 | 0°9996
24| 00151 | 54| 01488 || 84 04335 ||114 0-7515 ({144 09512 (1174 0-9998
o5 | 00170 || 55! 0°1561 || 85 0-4446 |[115 07 145 09550 175 09999
26| 00191 | 56| 01636 | 86 0-4557 |[116 07697 ({146 0°95%6 H176 0°999y
27| 0021357 01713 87 04667 |[117 0-7787 {[147 0°9620 (177 1°0000
28 | 00237 || 68| 0°1792 || 88 04778 |[1i8 0°7875 ({148 09652 /178 10000
20 | 00262 (| 59| 01873 || 89 0-4889 (/119 07960 {|149 0-9682 {179 1-0000
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Example of Schwarzschild’s Method. .

T of periastron = 8-95 = July 10-95.
apastron = 34-52

=444 {=-45-0, D=4685

44-4

=— =18° 37

ST SRt 8

Take t=20 ¢=-887
Y= 6-08 Z'=+38-T

v-t 13-92
i e el = 69°-875,
T Tsias o el
—-38-7 )
co8 UZ-ES? u = 145°-69
v =127°-07

log sin £=9-75140, log cos §=9-91680, log cos y=9-54685
log e = 9-63005 e =0-427

log a sin i=log 86400 + -01261 +1-95637 +1-67071
a sin t = 29,936,000k

y = 3-4- [1-67071.+9-63005 + 9-97665]

=— 16 5 5kms.

Methods of Zurhellen.*

The integral conditions of Lehmann-Filhes are more simply determined as
follows :—

Copy the curve with axis of abscissa on tracing paper, turn the copy in its plane
180° and move it along on the y axis until the ordinates of a maximum and a minimum
fall on one another, Then Lehmann-Filhes conditions are equivalent to saying that
the areas between these ordinates, the y axls, and the quadrants of the curve must be
equal. This method works well when e is small, but if ¢ is large the dissimilarity of
the portions above and below the y axis prevents its being advantageously used.

In Zurhellen’s methods for determining ¢ and o ;

g denotes observed velocity.

¢ denotes velocity with respect to mean axis.

z denotes velocity with respect t6 y axis or the velocity in the orbxt
.9-y=z=¢+Decosow _ (24)

" 4

Zurhellen’s First Method.

This differs only from Schwarzschild’s by using the difference of the ordinates.of
periastron and apastron for the determination of

o8 w Cl; L | (25)
Example.
tp=444 [a=-450 D =46-85
9-4 3
CoS @ — 337 m=17° 25 .

and uemg changed value of o asin Schwarzschxld’s example e=10-432 .

) _; Astronomische Na/chnchten No. 4191
25a—10
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Zurhellen’s Second Method.

Instead of choosing the points @ and Q’, as in Schwarzschild’s method, about
midway between periastron and apastron, choose them where v = %, or at the ends
of the parameter

v:———;— g,—y=D{cos(m—%)+ecos(q }

=D (sin w+e cos w)

v=+—%— g,—y:D*{C(‘;é(w+%)+6008w}

=D (-sin o +e cos w)

Therefore from (24)

L=+D gin o E =-FE,
&L=-D sin o M, =-M,
t1—T=_ (t:“T)

The points lie therefore in ¢ symmetrical to the ¢ axis and in ¢ symmetrical to the
periastron.

Lay the tracing on the curve, rotate it in its own plane 180° around the inter-
section of the periastron ordinate with the { axis. It intersects the original curve in
two points, which are those required and which must be on different branches of the
curve. Now as

T

tang—ztanlz’—-tan (_2——4’ )andfortan-;—:;l

—_—

2
e (i0) 2 o0)
M,:—(%—¢)+sin ¢ sin (—;r—- —¢)
M,=+ (—'2'——¢)—sin ¢ sin (%—4,)
.-.il;'_(t,-t,) A B (26)
t,—t, can be directly read off and then —;—-— ¢ can be taken from Schwarzschild’s table

above.

The ordinates of the points v = —;- give o

tx—t: :x_z:

sin 0= ——>2 or tan ¢ = —— @7

2D {p—la

As a control the lines joining the points v =--1§r~and v =+%and also v =1+ ;

and v = +-?§"— must intersect the { axis in the abscissa of periastron and apastron.
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Example.

Forv= -%L &="14-0 t,= 2-95

P= =

;'- L=-14-4 ¢, =150
t,-t, 12-05 _ L AR =yl
Sptasar= 12345 g =647 4T
& = 25°-53 e=0-431

140+144 284 284
937 " 937 AT

=17° 39 or 17° 37

sin o =

139

The values of ¢ and w obtained by these two methods are reliable as  is small

and the ’s accurately known.

Zurhellen’s Third Method.”

Frequently the direction of the curve at periastron and apastron is sharply defined
and is changed the less by a movement of these points the nearer they are to the null

points (velocity in orbit 0).

dg 2z dg 2w 1 . dg

@ " U dM = U 1-ecosE dE

____2_1 T 4 —ws¢msmsmE—smmcosE+esm@
U - (1-e cos E)*

At periastron E = o, and at apastron F =«

( ) Dcos¢.T81—in—:);
( ) +2"r D cos ¢ . (1+e)’

s () (2

If we take this ratio =—%* and take & positive

3 k-1
=R
Calling (_dt ) (
g g i sm m
ERGn b U cos' P
SN w = m cos ¢ \/—p.a
Example,
75-0
——— _ — ‘1
( 538 (WL 5 10976
D =gz L4
( ) = 44 5 = [9-22634]
p :a=[-93080],
log %k = -46540 k=2-920
1 920 _

25&——10%

(28)

(29)

(30)
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log p.a=9-38348 log i = 9-84396
-~ 2x D

sin ¢ = 0-490 log cos ¢ = 9-94042
log sin o =9-47612 o=17° 25
As, owing to the position of periastron near the peak of the curve, the direction of
the tangent is not accurately known, the values for ¢ and & obtained in this method
will not be very reliable.

Zurhellen’s Fourth Method.

The y axis is henceforward taken as the axis of abscissa and the ordinates
designated by Z.
According to Schwarzschild.
hin Z (max) +Z (min)
R Zp-2Z
Zocgy (31)

©w=——

2D

Example.
_ 66-18-27-52
T 44.-4+45-0
89-4
937

= 0-432

cos o= o=17° 25

Zurhellen's Fifth Method.

In this method the null points g =y are used. If we represent all these magni-
tudes with the upper index o and distinguish by the subseripts 1 and 2 the formula (2)
gives when g = y.

tan B’ = cot » cos ¢s E'=E'+x (32)
M+ M ' =E’+E’-¢ (sin E'+sin E’)=E’+E’

M!-M*=E’-E’-¢ (sin E'-sin E*) =72 ¢ cos

o_z0 o, 20
,_.-.e=,,{i b=t %x t,-;t,_T}

M'+M!
2

A U (33)
° [
tan ¢ =—cos ¢ tan ——2U"{t’ ;t_l—T } 38)
E1° =3 (M1°+M,°) v +_;_ N
™ (35)
e B'=3 (M2+ M) + e
Example.
' =15-74 1 8-t 585
i =47-28 TR ] 51-38
AN ;
T=8-95 -—2—-—T=22-56
1 te_¢* :
logar(g—iitl- =n 9-55352 7 iy e
ﬁ t:-l-t:

(= —T)=158-17



REPORT OF THE CHIEF ASTRONOMER 141

SESSIONAL PAPER No. 25a
log sec 158°-17 = n 0-03232, log tan 158°-17 = 9-60269
log e=n 0-03232 +n 9-55352 = 9-58584
e=0-358

log cos ¢ =9-96510
log tan o = 9-96510-+9-60269 = 9-56779
o =20° 17
This method like Lehmann-Filhes alternative method of obtaining e fails to give
accordant results and is not in general very reliable.

Zurhellen's Sixth Method.

If the second and the fifth methods have been used, we get a further value of
e without difficulty.
If we join the points v = %and v’=+——1§r—
d from the y axis of the following property.
d: U=(sinw—¢ecosw) : 2sinw=3—-%ecot w
=3-1% (cot w cos ¢) tan ¢
and from (82) and (35) ;
5 i (] ° :
tan o sec ¢=—tan¥ L
2d-U P M +M!

tan ¢ = T . ta 3 % (36)

Example.
d=17-2-8-0=9-2
18-4-51-38 a
tan ¢ = - 51.38 tan 158°-17
log tan ¢ = n 9-80746 + n 9-60269 = 9-41015
¢ =14-42° e=0-249

log tan o = 9-98610 + 9-60269 = 9-58879
0=21° 12

3
and v =+?7rthe lines cut a length

This is unreliable both on aceount of the acute intersection of the joining lines .
and also on account of the unreliability of the fifth method on which it depends.

Zurhellen’s Seventh Method.

In the points E = %—

pE { r IR <1
i 2 U\ 37
For finding the above points the condition required is that the Z’s are of equal
magnitude but opposite sign. For from (2)
Z=+D cos ¢ sin w
Z=~-D cos ¢ sin
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The tracing is therefore turned 180° around the intersection of the ordinate of
periastron with the y axis. And we also have

Zx_zz
tan o -—m sec ¢ (38)

A control is given if the points £ = —;— and E =+ —;— and E = +3T7rare joined.

The y axis must be cut at the abscissa of periastron and apastron. From the { axis
a length d’ of the following properties will be cut out.
d : U= (sin o co8 p+eC0Bw):—28inmcos¢
=3+% e col wseco

_2&-U _ed-U Z,-2Z,
e_———_ T n o cos ¢ = Boriis (39)
Example.

£ =-050 &= 1840
Z,= 143  Z,=-13"T%
ZP= 61-33 ZA=—28'07
log &= -49715 + -83187 - 1-T1079 = 9-61823

JiLh

e=0-415
Z,-Z 28-07
= 0041 et TR s L o e
log sec ¢ =0-04 OSZP_ZA 9.4 [9-49690]
w=19° 2
Control.

d'=61-25

122-5-51-38 28-07

i 51-38 89-4 —%

These methods, though giving fairly accordant results in this case, can not in
general be considered so trustworthy as the earlier methods.

Zurhellen’s Bighth Method.

In many cases the abscissae of the extreme values are accurately known. The
condition equations for these, which are designated by the upper index m, are as
follows:— ~

tan Y™ =-tan o
sin E™
cos Em—¢
sin BE® (cos E2—e¢) =gin E® (cos E™-e)
gin (BR-EP) =¢ gin E®-¢ sin EP=EP-M>-E™+M™
Ep-Em»—sin (BEP-E®)=M>-M™

. fm_4m
and as MRP-M2 =2, 2

=—1tan o sec ¢

we get

3 (Em—E™) from Schwarzschild's table.
From (82)
tan o sec ¢ =+cot E°
cos (Fm~KE,)=+e cos B°
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An equation that holds for each combination of one extreme with one null point.
If we consider everything with respect to one determined null point say 1 then.
Em-E°=-(E”-E°) and by (35)
3 (BR+Em) =Bo=} (Mo+ M) -5

cos (BR—EpP)+cos (Em—-E°) =+2ecos E°
e=cos 3 (Em-E™) gec E°

=cos } (B2—-E™) cosec } (M°+Mp2) (40)
tan @ =—tan v™ o0 =—9" or -V
tan 3 v™ =tan ({—+%) tan 3 BEm } (41)
Example.
£ =80  £=9853 f’{}: -3996
3 (Em-Em) =80°-84 :

e=cos 80°-84 cosec 158°-17=0-428 ¢ =25°-35

Em™—=158°-17-90° — 80°-84 =-12°-67
tan ¥ v™ =tan 57°-68 tan-6-33°
3 om=—9°-953 om=_19°-906
o=19° 54

As this depends upon the abscissa of the maximum and minimum velocities, and
as the positive maximum is well defined, and the negative maximum also well known
from the equalization of areas, these values are reliable.

Russell’s Analytical Method.

In this method the observed radial velocity is developed into a trigonometrie
series, and the elements are found by comparing this series with the corresponding
analytical expression for the velocity.

The theory of the method may be presented as follows: The period U, and the
corresponding value p of the ‘mean motion,” are given at once by the observed
velocity-curve. The radial velocity, being a known periodic function of the time, may
be expanded into a Fourier series of the form -

V=c,+c, cos p (E-t)+c,co8 2 p (I-E)++....
+8 8in p (E—t)+s, 8in 2 p (F-F)++. .. 1)
where ¢ represents the time, and £, the initial epoch.

The coefficients of this series may best be obtained as follows: Divide the period
into any even number 2n of equal parts, beginning at the epoch {, Let v, », . . . .
v, _, be the corresponding values of the velocity (v, corresponding to %,).

Then we can get

1
Cp = —2—;—'00 + v, L v2+ ........ + Van_s
1 .’— w 21r T
c,:T‘-v,,+v, o8 —+v, S — kb ...l + 0y, CO8 (2n—1)T
1 27 4r 2
=] Vot ¥ C0B——+v, c08——Ft. ... + v, , CO8 (2n—1)T
e o ol & 3
s =—1| v, smLHJ, SRR S0 vk g + vy, 8in (2n—1)L
njl n n n
b T . 2 . A4xw ! 2
s=—oV v sm—n—+v, smT++ ........ + Vg0, 8in (2n—1)T

and similar expressions for the remaining coefficients.
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The number of parts into which the period should be divided, in order fo obtain
sufficiently accurate values of the coefficients, depends upon the rate of convergence
of the series (1), which in turn, depends upon the eccentricity of the orbit. If this
is not more than 0-3 a division into twelve or sixteen parts will suffice. For values
of e greater than 0-3 the method is not as suitable as some of the geometrical methods.

Series (1) may now be transformed into the form

V=a,+a, cos [p (t-t)+a]+a,co8 [2 p (t-2)+aJ++.... (2

by setting
a, cos g, = ¢, 8, €08 a,= ¢,
g, 8in @, =-8, a, sin a,=- 8, 3

We have now to find an ana]ytlcal expression of the form (2), for the velocity,

in terms of the elements. Let
o = longitude of periastron measured from the descending mode.
z = projection of radius vector (r) on line of sight.
V = velocity of the bright star
the other symbols used having their usual significance.
Then we must have

V:YT .......... (4)
. Now,
z=rgin (v+w).sine -

=7 coS v.8int.8in w+7 8in v sin ¢ cos o
2 . d lla d .
.——=2gin ¢ 8in © ——(r cos v) +8in ¢ co8 w. ——(r sin v). ... (§)
dt iy ) at ¢ )

For central orbits we have the equations

E=M+esinB........ (6)

r=a (1-¢cos B)........ ¢
cos E—e

COo8 v—m ........ (8)

Hence » cos v =a (cos E —e¢)
rsinv=a\1-é.s8in ¥
Using equation (68) to develop cos E and sin E in terms of ¢ and M by an appli-
cation of Lagrange’s Theorem we get the following expansions.

rcos v=-% aeta (1-%ec" +%oze'+%216¢". . . ... ) cos M
+%ae (1-%e+Re' +%oe'. . .. .. ) cos 2 M.
Beisn v
rsin v=a (1-5% ¢ —Yose*+11%056¢" . . . . ... ) sin M
+Y%ae (1-%e' +%2e' +Thoe* . .. ... )sin2 M
TESIIvS Mo 1
] e £ aM AT .
Differentiating, remembering that—dT = p, substituting in (5), and, for brevity,
setting
1-3e'+...... ':_'X'1
F=g e} = VS s =0
1-3&+...... =X,
Tr—f e de i, =Y, ete
we obtain
= %: pasini (¥, cos w cos M - X, sin v.sin M)

+peasing (¥, cos o cos 2 M- X, sin o sin 2 M) 9)
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If in this we set

X, sin 0 = b, 8in B, X, sin w=b, sin B,

Y, cos q=Db,cos B, Y, cos o=b, cos B, (10)
we have )

dz

77 = buposini cos (M +B,)
+b,peasini cos (2 M+B,)

Substituting in (4) and remembering that M =M +pu (¢-1)
we obtain
V=y+pa sini.b.cos [p (t-1)+M,+8]
+pea sini.b.cos 2u(t-t)+2 M, +B,] . (¢3))

This is our desired expression for the velocity in terms of the elements and of

the time,

The series (2) and (11), considered as functions of the time, are of the same
form. If they are to represent the same quantity, their corresponding coefficients
must be equal. That is, we must have

Y= @,
bpasini=a, M +B,=a
bpea sini=a, 2 M,+B.=a, 12
Neglecting terms involving ¢ these reduce to
a sin 7 S M,=a,~a,
73
a’
Bi== —a—- w = 2 oy — (13)

1

It is clear that equations (13) give accurate values of the elements only when
¢ is very small. But, in any case, they give approximate values of ¢ and , by the
use of which in the complete equations nmewer and more accurate values of the
elements may be deduced.

Example.

Let the number of parts into which the period is divided be twelve.

We find
y = ¢, =—16-955 per gec,

¢, =+29-253 8, =+23-465

6, =~ 2:692 s, =+15-055
and hence

a, = 87-500

a,=15:294

from which the preliminary value of ¢ is 0-4078
also a, = 321° 16’
a, = 79° 52 _
from which the preliminary value of
o 18 202° 20’
Using the above values of ¢ and « as first approximations, and solving the com-
plete equations we find
e=10-422
= 201° 09" measured from the descending node.
asin ¢ = 29,291 /700kms,



146 DEPARTMENT OF THE INTERIOR

7-8 EDWARD VIl., A. 1908
Summary of Values.

e o
Lehmann-Filhes.. .. .. .. .. .. .. .. .. .. 0-438 “19° o7
Schwarzaebild, .o .o -0 s E i e e e DAY 18° 87
Zurhellen No. 1.. .. .. .. .. ci v ve v .. 0-432 17° 25°

=3 N0: 0T 0 SFor 215 b e T 2 E e e i RO B D1 17° 38’
£ N I e v e iore oo oo e 2 i YO 17° 25°
< No. 4.. T e o R Sy () 1 ] 17° 25
(o NOIB. e im0 -85S 20° 17
52 0 e e I S B 517 | 21° 12
£ N2 T oz b o frarkits (eleel 1 =8 e 1o (U B STy 19° 2
(Control) S 8, 1 RIS L I i s]
“ 0 [Tt s i 8 el U e onsb ) s e (11317 19° 54
R issel S o o e et L .y SO 21° 09

If we take the mean of all values we get
e=0-413 0=19° 8

If the values of 3, 5, 6 which are not suitable for this orbit be omitted we get
e=0-429 0=18° 50

which may be considered as very close approximations to their true values.
Similarly taking means of the determinations of time of periastron passage we
get it very nearly T =9-0 days=July 11-0. - For @ sin 4, the mean of the three
determinations of 29,763,000, 29,936,000 and 29,292,000 is 29,664,000™s,
The final values for the elements of aDraconis may therefore be put as above, in
the confidence that they represent the observations very closely.

% ORIONIS.

1 Orionis R.A. 5" 30-5™, Decl.—5° 59/, Magnitude Visual 2-8, Phot. 3-4, Spectrum
of Orion type with broad and diffuse lines, has been under observation here from the
beginning of December, 1906, until it was too near the sun for satisfactory observa-
tjon in April of this year. In all 45 spectrograms have been secured, of which 43,
all that were suitablé for measurement, have been reduced. All the spectra were made
with the Brashear spectroscope, but it is proposed to continue the observations with
the new single prism instrument as soon as possible. The spectra are of very poor
quality for measurement, the lines being very diffuse and of non-symmetrical character,
which may possibly be due to a second spectrum. As there are, in general, only two
measurable lines on the plates A4471 and A4341, the resulting measures are subject to
considerable uncertainty, and if it were not for the large range of velocity it would
be hopeless to attempt any determination of the elements.

As it is, sufficient observations have not yet been obtained for a good curve, but
it has been considered advisable to give those already obtained and to draw a provi-
sional velocity curve, leaving its discussion and correction until further observations
have been secured. It is hoped that, with the new single prism instrument, several
more lines will be measurable and that the smaller linear dispersion will not, owing
to the diffuseness of the lines, appreciably diminish the accuracy of measurement of
any single line, while the probable error of the velocity should be considerably reduced,
and, with a large number of observations, satisfactory elements obtained.

As with o Draconis, the Journal of Observations is followed by the separate
measures and this is succeeded by a table containing ours and previous measures with
the phase, corresponding to a period of 29-12 days, which seems to agree best with
the observations. The resulting velocity curve is given in fig. 8, and shows some
large deviations in the measurements. It is especially incomplete in its descending



PLASKETT— ASTROPHYSICS.

15 20 25

30 _DAYS

Fig. 8.—Velocity Curve of 7 Oricnis.
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branch as, even after we had discovered its nature and the need of observations at

that epoch, the weather was always unfavourable, and we were unable to secure them.
A preliminary determination of the elements by the method of Lehmann-Filhés

gave for ¢ about 0-75, and « about 105°, but no great dependence can be placed on

these values owing to the uncertainty in the form of the curve at maximum and

minimum.
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+ ORIONIS 453.
1906. Dee. 11.

Observed by W. E. HARPER.
G. M. T. 154 17= Measured by W. E. HARPER.

Sl g EENEN
.| Mean [Computed "83 E g . |ls| Mean (Computed| 'gg E g
= of ave |9 § Velocity (|5 of ave |§ r § Velocity
5o Settings. | Length. | £ E =t 2| Settings. | Length. £ g B
5 £ 38| = g i 1
"3| 865:3050 4494738, ..|. ...l ieiennn. 2 5i-6327| 4383°751|...0 720......|........
2| 63:6260, 4476°251|....| ‘185 = B0 tos 1| B50°2460] 4342 207 18! 0°634| 1-550' +106°95
1 63°3760| 4473°'550/°516] 1-676| 1-670; +123-75|| 3| 48°4569] 4325°9G1!....1 939 .... |eeee....
) 62°7450) 4466° 712 o 7 £ N, s 3| S 46-4497] 4308°081{....| .... P B2 o
3| $56-7836) 4404 927|. .. |......|.. 0 ol } \
Weighted mean ... ...... +115°35
......... veee + 097
V ................. + 15
Curvature.. - 50
Radial velocity ...... . ... +116°0

+ ORIONIS 485,

1906. "~ Observed by W. E. HARPER.
G. M. T. 14» Measured by W. E. HARPER.

| [EIE | “é H oA ‘é |
Mean Computed 'SB E ga, 1 .| Mean |Computed -g? E 2
of ave 'g 2 | Velocity |2 of ave 3 § Velocity
Settings. | Length B % %! Settings. | Length. |E E |2
S|z | & = S -
8683000 4528'798....| .. ... foeeeennnn 3| S56° 7645 4404°927|....| .....0 ... .. oees
65°2050; 4494°731|....| 7 DB [T A ] 2| b54°6105] 4383:731..... 720, . | =Sk
636128 4476'237‘.... i ¢+ PR ORI | (- 50°0173| 4340°354(-361) 634 ‘273 -18 84
63-1665| 4471°400,°376; 676 300! — 20°48)| 3| 45°4320) 4325 018|.... el S
62:7319| 4466°712,....| °727|.. ... ‘ ....... 3| S 46 4305 4308 081 .l .......
Weighted mean....... ... -19-88
o T R < v - 2°23
Va. .+ 0022
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+ ORIONIS 517.
1907. .Jan, 2. . Observed by J. 8. PLASKETT.
G. M. T. 15 056™ Measured by W. E. HARPER.
.| Mean [Computed "SB & 5 .| Mean |Computed EB E g
= of Wave § ] 2 [Velocity || £ of Wave |B El g {Velocity
| Settings. “Length. E g = 2| Settings. | Length. | & E il
15 Ea .
B e | & |'A B 0 -
o 1 |
3 S68'3105] 4528:798|... ¥, | M 311856 7195|4904 0971 s JEE RS oL S et
2] 65°3117| 4494°795|....| ‘738 ceeeeeof| 21 54°6066) 4383 675.... B0 R g oL
2| 63°6162| 4476-159|....| -185|.... 2 50°11556| 4341:312|-340| "634| '706] 4+-45°71
2|  63:2542| 4472°233|-249| -676| 573 +3%:39| 3| 48-°4241| 4325-943 L N o [ T
2| 62 7390 4466°679|....| "T27] ... |.cceiiann 3| S 46-4146] 4308°081|..../...... A AP IR
Wei E)bed IABEIT. Lo ors oo s o +43°'55
", .. . . ~ .
V2T e 2o 00 L e g e + 04
Curvature........ - 50
Radial velocity....... .... .. +34'0
t ORTONIS 522.
1907. Jan. 9. Observed by J. S. PLASKETT.
G. M. T. 142 37m Measured by W. E. HARPER,
Hld g | 304 | %
.. Mean |Computed E? B g .| Mean Computed 'Ea E g
= of Wave |5 3 § Velocity ||.2 of 4 Wave |8 3 § Velocity
-2 Settings. | L ngth, |£ g = 2 Settings. | Length. | & g8 )
g 5] 5] 4
3 S |z | & I.B AR
S65°3802) 4494°738[....[......] ...iiiien aaen 2, H54°7117| 4383727 .m] (U L
2| 63:6979 4476-220... 2301w A R . . 1 1 80°3174] 4342086 - 0°634| 1°450|+100°05
1] 63°4597| 4473°630| 582 1°676| 1'906 -+127°70] 8| 48°5600| 4325°944|....] -
1 62-8282| 4466-803|.. .| 727| . ... ... .. | 3| S46°565606] 4308-081| ...
3 S56‘8620I 304927 . S Gl A, »
Weighted mean ............ +113°87
T e —11°¢
=t PR IR WNEE By (e + 04
Curvature.. ... - 50

Radhal velocity. ............ +101°0
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DEPARTMENT OF THE INTERIOR

7-8 EDWARD VII., A. 1908
+ ORIONIS 535.

Observed
G. M. T. 150 20m Measured {,’; } W. B. Haremn,
Al A4 8 1 I O
- . < | Y . 3
.| Mean |Computed Eg E g | ) v Mean Computed g% B g
= of ave |8 ] 2 | Velocity. |2 Wave |[§ ] § Velocity
20| Settings. | Length. | & g = 2 Settmgs. Length. |& g c
-1 Q -
B S|z |Aa B) S | & | A
2| 6571450 4494°6301....| “T88|..... [......... 2 54'4781| 4383745 esol P, | [, ) ot L
2/ 63:4580; 4476°071)....| °185! .....[.... W oe..ql 2] 49°8657| 4340°164|- *634) -550(— 87'95
1] 62:9973] 4471°074/-183| 676! -493| - 33°05|| 2| 48:3160| 4326:053!....| °939|... ..
1| 62-5816] 4466-590(.. .| 727 .... [....... Lol 2] 46°3146] 4308°207(.... 081 .. A=
2 BEY62TTI 2404000 b <997 e bl
!
Weighted mean . ... .. - 36°32
IR DT oA - 14°34
PR i Sle——— ESRAL | |
Curvature ... .... .... - 50
Radia veloecity.............. — 51'0
+ ORIONIS 539.
1907. Jan. 16. Observed by J. S. PLASKETT.
G. M. T. 15+ 20m Measured by W. E. HARPER.
| Al e ) Al | g
. . < - B‘ <
| Mean |[Computed oE B g .| Mean |Computed B e g
= of Wave |3 2 2 |Velocity., = of Wave |39 S & Velocity
20| Settings. | Length. i g £l 45 Settings. | Length. | & g 2
B S | = { A = & )= 1A
- — i
2| 65°2906] 4494°650!... L | U] (ALY 2| b54'6468| 4383-786|... i 7 P Y A
1 63:6140( 4476°171)....[ “185|.... .|.e.eer.n. 2 501247 4340°916/°834 ‘634 -200|+ 13:80
2| 632075 4471°751/°736] 675 060! -+ 4°02f 3! 48-4957| 4326°076)... ot PR [
2 62 4TI 4466 7T .. | T2 e Josapsnean 3 46-4970) 4306°189|....1 O08Y......|........
3|  B6°T7975| 4405°005(....| 927 i
‘Weighted mean e wes + 8701
T o SR RO —-14°61
P = | |
Curvature . ... - 50
Radial veloeity . . .... - 0
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SESSIONAL PAPER No. 25a

¢« ORIONIS 556
1907. Jan. 18. Observed by J. S. PLASKETT.
G. M. T. 15" 40™ Measured by W. E. HARPER.
| Al & o8 | & & | o
e £ e g
Mean |(Cowmputed 'g? B E Mean [Computed =B E g
= of Wave B I 2 [Velocity ||.5 of Wave |5 & g |Velocity
29 Settings. | Length. |& g = 2| Settings. | Length. |= g e
5 : !
B e | = & E gk it e =
2( 6562792 4494°716(.... 3| 54'6110{ 4383-721] ...
2| 63°6007| 4476°235|.... 2|  50°0800| 4340°853| 884
3 63:2246| 4472149/ 066 3  48°4410| 4325°905|....
2|  62°7198| 4466°996|.... 3| 46:4395 4308°044| ...
3] 56:7650| 4404°948|....
1 i

Weighted Mean... ..... +22°50
o R A S -15°50
O At - ‘M9
Curvature . - 50
Radial velocity.......... +6
it ¢« ORIONIS 565
1907. Jan. 21. Observed by J. 8. PLASKETT.
G. M. T. 16k 22m Measured by W. F.. HARPER.
A d |8 = -
S| 5] o 5]
.| Mean [Computed '§3 E E .| Mean |Computed 33 B g
£ of ave = § Velocity || £ of ave |B = _g Velocity
-*| Settings. | Length. E g '% -2 Settings. | Length £ g 2
3 i 2
E S |a | A B S | = | A
2| 65°2580] 4494°591].... -7438] . ceeeeens || B B6°7526] 4404°9921 . 4 f SRR PO
2| 635737 4476°063|....| -185| ..... s el 3 50°0999 4341°248(°117| 0°634| -483| +33°35
2l  63-2239) 4472-265|°326| 1-676| -700(+ 46°80| 3 48°4416) 4326°138|....1 5 M9......|..e....n
1 62'7016| o] IR LR f BRCRRT (R
Weighted Mean......... +38:73
Wl one e = 2200
Curvature.. - 50
Radial velocity.......... +21'5

28a—11



DEPARTMENT OF THE INTERIOR

7-8 EDWARD VH., A. 1908

+ ORIONIS 585
197, Jan. Obeerved by
G. M. T. 14+ 50= Moo 13} W. E. Hanrm,
[ KERER T ’ bala ] g |
1 ! |
.s) Mean |Computed = g | | Mean :Computedf'%g, B | E r
Zl "of | Wave 5 | F | § Velocity £ of | Wave |5 | & | § Velocity
4% Settings. | Length. £ | E | & | 2 Settings. | Length. |£ | E | &
| i N = = | o o -
B - RN B S | & | A
; ' !
2 I3
2|
1 1
i R | | i il ! !
W ted mm....i8:§5+62'30
Vo ors = 4
Curvature. - -0
Radial velocity . +42°8
« ORIONIS 587
1907. Jan. 30. Observed by
G. M. T. 13 32= Measured by}w E. Harres.
Al d | £ ] 1 ]..i..:'ig'
s - g | 1 R - e
A Man Com| ?i & g ean Govnvl,]mlaed'gg E ! g
= | Wave |8 2 2 .Veloclty. _=‘ of | ave | E l & |Velocity
= Settmg! Length § g 3 5 Length.i]og E! %
z z | & B Zz | A
| i | |
2| 652770 4494 734 T {2 | 546023 4383728....| “72W......|.......
2| 63-5903 4476°173... 185 . 50-1848 4341940 904/ 0-634 1-270/+ 87-63
1| 632850, 4472-911/-916 1-676 1-240 +82'962| 48-4324 4325 964 S RS e
g gmﬁ 466°727| ... g ............. 2| 464322 4308'125)....| 5 R I
ek M s £k B R Bl
Weighted mean....._... +84
Ak M +
Curvature. - 50
Radial velocity... ...... +64°9
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SESSIONAL PAPER No. 25a .
¢« ORIONIS 592 i
1907. Jan. 30. rved by
G. M. T. 15b 57= Measured by }W. E. HARPER.
l Al 4] 8 IR
.{ Mean [Computed 5'5 E g .| Mean [Computed/EB E g
= of Wave [T I g | Velocity | = of ave "g d g |Velocity
g’ Settings. | Length. |& 8 E) -2 Settings. | Length. |& g )
8 2 47
B SRS = S |z | A
2 65°3162{ 4494°740{....1 -738|...... eyl B0 56°7975) 4404°931].... (| PSS TSR O
2 B3 6281 4765006]x. .\l cABB| Ll seudl o 1 50°2020| 4341°669(°674) 0634 1°040| + 71°76
13| 63-3041] 4472-633|°656) 1-676| ‘980 + 65°66 |2 48°4745| 4325°913|....| -939(...... RGN
1 62:76156) 4466°770(....| "72Tf......] c¢veeeens !3 I 46:4742] 4308°068|,...] “08l|...... = "
Weighted mean...... coee. + 68710
Na% i hsayee - 19
Vo Rl - 16
Curvature., - 50
Radial Velocity..... ... ..... + 479
¢« ORIONIS 594
1907. Feb. 4. Observed by
G. M. T. 12t 15= Measured by }W E. Hareer.
! - Al A |
. Mean |Computed EB E £ .| Mean !Compu ted EB B g L
£l Tof ave (8 | & | § |Velostyl[£| of Wave |8 | 3 | § [Velocity
£ Settings. | Length. £ g B 20| Settings. | Length. |& g B
B S | = | & 3 S |z | A
1 65°3280 4494°815i....| -738|. ....|cc.eenenn 3 56°8030] 4404°815( ... -927| .. . l... ....
1 63°6450) 4476°258|. ..| "185|.. .. |....... 12 50°2348; 4341°723 804| 0°634| 1-220) + 84-18
2 63:3546] 4473°098|°026) 1-676| 1-850| + 90-45||3 48°4867] 4325°758|....| "939......|.... by | 4
1 62:7750] 4466:°824|....| "727|......| .. ceunn.

256a—11%
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DEPARTMENT OF THE INTERIOR

+ ORIONTIS 601.

7-8 EDWARD VII., A. 1908

1907. Feb. 6. Obgerved by J. S. PLASKETT.
G. M. T. 15 15m Measured by W. E. HARPER.
a4 4| 8 | Al A ] 8
. @ : s 3
.| Mean |Computed EB B £ il «f Mean |Computed|BE B g
= of Wave |8 =2 § Velocity. || & of Wave i Velocity
20| Settings. | Length. |& g8 | & | Settings. | Length. E | &
& 5 =] P 5] 2
B - 3 z | &
i =
2 65°2010 4494°702 o Rl T | 8l s67res| asonser|... | -em|.....l.......
2] 63:6063 4476°142(....1 “I85(......0¢cc00.ue- t 2{ 50°25637| 4342'200(.224| 0°634| 1-590|+109°70
3| 63:4104] 4474°000(°056 1°676 1°380| - 92-46! 3| 48:4722| 4325926 .. 2l I L I el
1| 62'7304] 4466°642|....1 7T27i......]......... ] 'I
Weighted Mean.............. +99°36
Va. -21°56
W, Ay - 16
Curvature....— 50
Radial Velocity.............. +77°1
A ¢ ORIONTS 605. s db
1907. Feb, 7. erved by
G. M:T. 128 17m Moor v B} W. E. Hanezs
af A | ¢ NERER
. g 4 I g
.| Mean |Computed(gZ E g / .| Mean |Computed|gE| B g .
gl of ave |B - § Velocity. || = of ave |B 2 g Velocity
S| Settings. | Length. (£ | § | & S| Settings. | Length. |§ | B | &
® 3 ] 45 o =} 2 -2
B o | & | 8 =5 T i [
1|  656:2772] 4494'749|.... Fa8l. .. s . L 3| 56°7609| 4404-894|....1 -927{......[... ...
1] 63-5953| 4476°217|....] "185l......0.cc.0nn.n 1| 50°2386| 4342 258|°304| 0°634| 1-670{-+115'23
1] 63-3719] 4473°785|'786] 1°676| 2°110| +141-37/| 3| 48-4462) 4325°891|....| "939}......[........
1]  62:7152| 4466°678|... o oy [ ST |
|
Weighted Mean......... .... +128°30
\ A -21'78
Vi e o5 e o on s
Curvature.... — 50
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SESSIONAL PAPER No. 25a

¢ ORIONIS 609.
1907. Feb. 12 Observed by W. E. HARPER.
G. M. T. 12+ Measured by W. E. HARPER.
et : & J
SR g | B
Mean |Compnted|o £ £ Mean |Com uted-g = g
3 of Wave |& < & | Velocity|| < of ave |8 - g |Velocity
| Settings. | Length. |$ g 2 | Settings. | Length. |8 8 2
3 3 2 3 5 el
B S|= 1@ 3 3|2 | A&
2] 65°2562| 4491°615).... 1 Bl v s g S| 56 THE2| 4904-987]. uil 9T eah e s e s s
O OBIR02 4476 1H21 . Lo B ARl 2] 49'9698| 4339-851|°814! 0°634| -820| —56°58
2! 63°0791 4470°709 768 1-676/ 920/ ~61°64)| 3| 48:4531) 4326°054i....| 939...............
2|  62°7036] 4466 654 727 .. b
pés
Weighted mean......... -59-11
@ -convesrascsanrsen -22°96
WV 10 ok .+ 09
Curvature........... - 50
Radial velocity ....... . — 825
¢ ORIONIS 618,
1907. Feb. 21. Observed by W. E. HARPER.
G. M. T. 13» 30™ Measured by W. E. HARPER.
=ENTY, 4 i I
S| g ‘ Gl L
Mean |{Computed g 2 g Mean |Computed -UB 2 g
] of Vave |3 = § Velocity | of Wave |32 = § Velocigy
5| Settings. | Length. § 2| 2 5| Settings. | Length. |3 E 2
5 5| & 5 g e
3 818 18 = S|z | A
2|  68:2651] 4528-901).... {1 4 e ’ 3! 56-7485) 4404°971) ...| "927|......| .......
2| 63°5820 4476°272|.... Sl L 2| 50°1098| 4341°272|°224| 0°634| -590| +40°48
2|  63-20311 41472°152|-086( 1°676) ‘410 +27-47 | 3; 48°4375 4326 €03|. e AT A S
T BTN, A6 T ] TTREE] e mi e s 3 46°4316] 4308°104) ...| “081|......[... ....
Welq]hted mean.. .... +33°97
] i
Curvature.. - °50

Radial velocity .... .... + 8.7
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« ORIONIS 627.

DEPARTMENT OF THE INTERIOR

7-8 EDWARD ViIiI.

1907. Feb. 22, Observed by J. 8. PLASKETT.
G.M.T. 150 Measured by W. E. HARPER.
a4 - T 5
i i 8 N =}
] 53
.| Mean |Computed '?,B E g .| Mean |Computed '83 B g
2| o ave (B | B | & [Velocity.|S| of ave (8 | A | & [Velocity
-2 Settings. | Length. | & g s -2 Settings. | Length. & g B i
-t (=] ot
B S | = | B B B = | &
2| 65°2750! 4494-803(.... T38| .....|ieceeen.n 3 567835| 4404-923/....1 927 .....Jec00en..
2! 63°5942] 4476°222|... RG] R L 2| 50 1903| 4341°443(°494| 0°634} -860] +59°34
2|  63:2302| 4472°252(°206) 1'676| -530| +35°51|| 2{ 48" 4880 L Syoodd o ORI R LI | PO
B[ 62:7271) 4466°795|....| "TA|......|ic..ee... .
Weighted Mean ... .......... +47°42
S S SA O g —24°80
Wasareiz . A - 19
Curvature........ - b0
Radial Velocity .........coeuvnn.. +22°0
= ORION1S 636.
1907. Feb. 26. . Observed by J. S. PLASKETT.
G. M. T. 15t 10™ Measured by W. E. HARPER.
373 | 3 | 33 | 3
B | B g .UB B | g
;| Mean |Computed'g = .| Mean [Computed g2
= of ave & g Velocity.|'.2 of ave '3 % E § Velocity
% Settings. | Longth. £ | B | 2 F Sottings. | Tength. £ | E | 2
B S & | A 13 S |& | A
2|  65-3028| 4494-734|..... 738 '3l 567982 4404967! ..... R SR,
2  63°6207| 4476°193| ....| "18D 2|  50°1525| 4341°1641°0640°634| -430) +29°67
2| 63:2634| 4472°307(2°276|1 676 2| 48°4976| 4326°065|..... bt < I B Y [
1| 62:7528| 4466°784|..... 2. ...
Weighted Mean........... .... . +33-93
............. -25°20
Vd ............. - 22
Curvature...... - 50
Radial Veloeity..... . . ... ... +8°0

» A. 1908
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SESSIONAL PAPER No. 25a

1907. Feb. 27.
G. M. T. 14 30m

+ ORIONIS €44.

Observed by J. 8. PLASKETT.
Measured by W. E. HAurkh.

A4 | 3 Al4d |8
. D o 1 5]

.| Mean [Computed 54=3 B E .| Mean |Computed EB E g '
= of Wave |5 i & [Velocity.||5 of ave |5 & § Velocity
! Settings. | Length. |& g S 20 Settings. | Length. g g 2
B S | & | A = g =l a
2 65°3137| 4494'805{....] "738|..... | . ...... 3| 56:7962| 4404'897|....| ‘920 ......0.. ....
21" 63:0314! 1447622601 A ISR LRl Sea s . 2| 50°1809) 4341-376|°464| -634| ‘830 + 57°37
2|  63°2898) 4472°5H43/°466; ‘676 °-790] + 52°93!| 3] 48-4790] 4325°938[....] 939|,.....1........
1l  62°7678) 4466°900 ...| "727[.... .l....c..nn

¢« ORIONIS 647.
1907.

Mar. 6.
G. M. T. 12t 19m

Observed by J. S. PLASKETT.
Measured by W. E. HARPER.

S 4 = 44 g
q & 1 8 )
Mean |Computed gg B E .| Mean [(Computed(B& B g
pre - . e - - :
= of Wave 2 ] 2 |Velocity.|[ S of ave 5 g § Velocity
20, Settings. | Length. [& g = .2 Settings. | Length. | & 5 )
g 5 5§ | = s ok L B e
B © |z A& =z | o |@& | B
2 65°2869, 4494°798)... At < L [ S 3| 56:75677] 4404°914... a2 | P AN A
2 63:6104| 4476°342|.. .| 185 .. ee wee o' 2] 50°2036| 4342'063| 164! 0 634] 1°530(+105°57
&l 63:3630| 4473 653|°526| 1-67%| 1-850/+ 123'95 | 2| 48°4270, 4325°865|....| -939(......|........
1 62:7363) 4468 BO6T]....| TRIL. . b ceseees 3 46'4207| 4307975|. .. .{-B 0B}, . Nl i,
Weighted Mean .... ..... ....... +109-23
sl LR E Y - » - 25:96
Votvag oo o ol - ‘04
Curvature........ - B0
Radial Velocity.......ooovinennnnn. + 830



160 DEPARTMENT OF THE INTERIOR

7-8 EDWARD VII., A. 1908

« ORIONIS 650.
1907. Mar, 6. Observed by J. 8. PLASKERTT.
G. M. T. 15219m Measured by W. E. HaRPEE.
Al A I IR
.| Mean |Computed Ea B g .| Mean !Computed| §F & g
= of ave 5 = 2 |Velocity.|| 5 of ave | B I 2 [Velocity
oiSettings| Length. | £ | £ | = FSettings| Length. | £ | E | 2
. g ) 5 i)
B S L& |8 ’B 8 |z | A
2 65°2700 4494°725(...... [ 738 ..... bt 5 g [ 3 56:7494| 4104932 .... -srzzl.. Al o2
1 63-5987 4476°314) .... 3 U e W T 2] 50-1832| 4341°976] 1-984 0°634! 1-350| +93°15
3| 63:3615| 4473'736| 3 746] 1°676 2 070' +138°69{( 3| 48-4230] 4325'929(.. . O e e
1) 62:7115| 4466°712| .... i AR T e S _
|
Weighted Mean........... +102°25
Vit ol
Curvature.... — 50
Radial velocity. .. 756
. ¢ ORIONTIS 653,
1907. Mar, 8. Observed by .J. 8. PLABKETT.
G. M. T, 125 32m Measured by W. E. Harrrr.
S0 A g | t ERE
.| Mean [Computed ‘53 B 2 P .| Mean 'Computed EE B g
2| of ave | © "é g |Velucity./|2| of ave ir _g Velocity
-Settings| Length. | & g 2 & Settings| Length. § g E
=3 | 8 [= | A = o o
2 65°3455] 4494°897) ... .| 738 .. wereo.. | 3| 56-8136] 4404°922| . .... | 9T e
2 636619 4476°352| ... -185). . l ....... I 2| 50-2928| 4342-335 444! 0634 1°810 +121-89
3' 63:4322) 4473°854 3°726 1-676 2 050 +137°35{| 3] 48°4805| 4325°798/..... | 93y .....|.... ...
1 62°7820| 4466-:22|..... ST e sl :
|
Weighted Mean....... .. +132-36
Hin oo b A bon -26°05
N obotts odo - 09
Curvature. .. — °30

Radial velocity............ +106°0
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SESSIONAL PAPER No. 25a
+ ORIONIS 655.
1907. March 8. Observed by J. 8. PLASKETT.
G. M. T. 15 15™ Measured by W. E. HArPER.
Al a8 ] Al a | s
5 ¥ g i i g
.| Mean [Computed B B 5 Mean EB E g
£l of ave i & |Velocity. = I ave 8 & & [Velocity
#f|Settings| Length. | & g o %’]Settmgs Length. | & g :ns.
i 8 .
B 8 | & | A ll?l | 8 |2 | A
2 65:3094| 4491°894|...... Syl R o.o..|| 3| 567705 4s04-802..... - AT o o
2| 636220 4476°317| ... .| ‘185 . .. oo [| 2| BO-2558] 4342°394| ‘494 0°634| 1°860|+128.34
1) 63°4127( 4474°042) 3-946) 1°676) 2-270] +152091 3| 48°4388) 4325°821)..... L A e A LB
1| 62°7398| 4446:767|......[ ‘727| ....
Curvature.... — 50
Radial velocity....... vee. +109°5
¢ ORIONIS 659.
1907. March 11. Observed by J. 8. PLASKETT.
G. M. T. 12h 52m Measured by W. E. HarpPER.
' ERRER e
: G g : M g
| Mean (Computed 'E’,g B E .| Mean [Computed EB E g
2| of ave | B ] 2 |Velocity.|i&| of ave & E g |Velocity
;’Settmgs Length. | & g s -F|Setrings| Length. | & g =
g | B LA = A -
2| 65-3169; $194°928! . .. ‘738 e LIS 31 56-7781| 4404°917|...... < A e L
i 63 6437 4476°505 ... .. 186 o1 ) (LT £8 2 2| 49-9547| 4339°574] T14/ 0°G34) 920, —-63°48
2| 63°0960, 4470°560, -41%| 1-676| 1°260| —84.42(| 3| 48-4382 4325°765...... EON0) . R S
2| 62°7562] 4466 785| .... yo o d)1 2 il I eater
Weighted mean, ..... -73:9%
B SN eramel - o) e -26-12
NS 2e) o - 12
Curvature ........ - b0
Radial velocity - l(_)ll_'O
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1907. Mar. 11.
G. M. T. 15t 26m

DEPARTMENT OF THE INTERIOR

+ ORIONIS 662.

7-8 EDWARD VI, A. 1908

Observed by J. S. PLASKETT.
Measured by W. E. HARPER,

G. M. T. 12k 32= ~

al 4| 8 S 9| 8
. B 5] i 3 g
.| Mean |Computed |FE £, g .| Mean [Compnuted|ZE B g
Zl of |"Wave (8 | F | & |Velosity.$| “of | Wave |5 | B | § |Velocity
.50 Settings. | Length. ] g 2, .2 Settings. | Length. | £ g a
3 5 5 | & 5 5 | 5 | .=
B S|= | A E| Sl/= |48
1| 653272 4494'892(... | -738[. . oy 3’ 56-7865| 4404-851|. .. Aealk Tdbire
1| 63:6463 4476-383|... | -185|......0 .......] 1} 49-9173 4339-078| 254| 0-634] 1-380] —95°22
1| 63-0036| 4470°384,°256! 1°676| 1°420] -95'14|| 8] 484512 4325-733| ...( -9%9|..... |........
1 627725 4466'9191....‘ et N F Ve T
1
Weighted Mean .... — 9518
Vu- .......... - 26°12
N4 A T, - 28
Curvature...... - bb
Radial veloeity... ... - 1220
« ORIONIS 665.
1907. Mar. 20.

Observed by J. S. PLASKETT.
Measured by W. E. HARPER.

Al S| g Sld | g
: | 5 |
| Mean |Computed|Z= E 3 .| Mean |Computed EB 5 .
= of Wave |G o 2 |Velocity. |2 of Wave |3 S § Velocity
5| Settings. | Length. & g 'g. 29| Settings. | Length. | £ g s
B ool [ P =] = S |& | &
2. 65°3009 4494799 ... T8I ... 3] b56°7648 4404-835(....| 927). ....l........
2| 63°6134| 1476°225....1 185 .... [........ 3| 50°1227) 4341°168,°328] ‘634 -604] +47°88
9 63°2358 4472°123('091] 1-676; -415' +27°80,, 3] 48 4338, 4325°776,....] 939 ......|.......
2 62756 446 T4d|....| TaTl...[ H ] ’
Weighted Mean .... ........ +39°85
L P —-25°90
oy Vi@ orevest 2215k - 18
Curvature... — 50
Radial velocity......... . .. +13°3
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| Weight.

163
SESSIONAL PAPER No. 25a
¢« ORIONIS 666. L
1907. March 20. erv y J. 8. PLASKETT.
G.ogl. T alr;“ Measured by W. E. HARPER.
';. % ; 4| g
i g R
Mean [Gomputed £ Mean |Computed B g
= oe:. gve g Ed § Velocity. ||+ of Wave | = 8 |Velocity
5| Settings. | Length. |8 E = E,, Settings. | Length, g 8 2
K ) 2 » ] e
B S| =z | A B S | & A
2| 65°3077| 4494°876|....] ‘T38|l .....|....eeenn 3 56°7690| 4404°877\....| 927|..... | .c..n..
2l 6316172 -4476:266/., 5| TRSGE. 0 T e, 2| 50°1226| 4341°167|°269| 0°634| -635| +43°81
2|  63:2563| 4472:346|°266] 1°676! 590, +39'53|| 3| 48'4387| 4325°820....] "939|...... ceee.enn
X  -62:7X10; 14486°779]... .| FRTo... ] e
Weiqrhted mean......... +41°67
2t s el -25'90
Nl i =U s
Curvature.. — 50
Radial veloeity ......... + 15°1
¢ ORIONIS 667.
1907. March 20. Observed by J. 8. PLASKETT.
G. M. T. 14 37 Measured by W, E. HARPEK.
530t =i
Mean |Computed|w B g } Mean | Computed g B g
of ave |3 = § Velocity. || « of ave |32 = § Velocity.
Settings. | Length. | 8 g < 5| Settings. | Length. g g 2
& | 8 | & 2 5 | 2
S|z | A = S|% |A
2| 65°3222| 4494°837) ... 738|.. 3! b56:7823| 4404°809|....1 ‘927|... . |eeeou.n
2] 63:6331] 4476°239).... 3 e R <. (121 B5O°1376] 4341°105,°234) 0°634) 600 +41°40
2 63'2648| 4172°237|'176] 1°676| °500| +33'50|| 3, 48-4588| 4325°801!....| 939 ..... |. eyt o
2 627600 4466785....| 72|l ( ‘
Weighted mean... ..... +37°45
Goerreana. —26°90
Vaoeoioon — 128
Curvature.. — °50
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« ORIONIS 672.
1907. March 26. Observed by W, E. HARPER.
G, M. f. 12b96m Measured by W. E. HARPER.
T 3 Az | K
| 2 5 | g . Bl e | E
.| Mean |Computed '§ = o 2 Mean Computed |3
= of ave i 2 |Velocity.||=S Wave fg’ I H Velocity
& Settings. | Length. | & £z = Setngi. | Tonn ElE|E
B B l=w | & = (A T I
=i = e =
2 S 68-3301; 4528 798[....| .....}1...... o woee (11.3) Beh6 47600) 4A0EIOTR . Lol L s
2| 63:6232] 4476°133|....!1 °-185|...... g 50 1415 4341°589 '574! *634) -940|+ 64°86
2| 63-2755| 4472°371/-406| -676] 730+ 48'91| 3| S 46 4106{ 43087081). ..o [L e i
2 O THRY 466 TA . qu) W .ot O e g
Weighted mean...... ........ +58-98
L R R o = o= ¥ -25-41
Vol o sl dis - 18
Curvative. ...... - 50
Radial veloeity........... ... . +33°0
« ORIONTIS 673.
1907. March 28, Observed by W. E. HARPKR.
G. M. T. 1202fm Measured by W. E. HARPER.
“IE=RE | A A g
RN | £ | 2
.| Mean |[Computed '§ g Mean Computed 5 8
= of Wave e g [Velocity.| = of Wave |5 Ed 2 [Velodity
20| Settings. | Length. g -.g = ¥ Settings. | Length. & g a
z 2|4 | s 3|2 |4
2 65°3080 4494-944| .| TY...... . B6°7476] 4104-900( . .{ 927 ... |........
2] 63'6100, 4476'994 ...| 185, .. . {1l | 50°1049  4341°342|°484 0634 ‘8504 58°65
2 63°2999 4172-922)-806) 1- 676 1130 + 76°71 48°3939) 4325°776|....] 939  |........
2] 62 7339) 406°821) .| T . l ........ ii
Weighted mean..... ..... . . +65°87
SIS SRS =gt -25°18
T AT T ook —< D)
Curvature, .... . - 50

Radial velocity........ ....... +40°0
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+ORIONTIS 678.
1907, Mar. 30. . 4 Observed by J. 8. PLASKETT.
G. M. T. 12" 50™ Measured by W. E. HARPER.
S| 8 A | B
Mean (Computed B E B .| Mean [Computed Eg E g
=| of Wave E] § |Velocity =|  of Wave 8 & & |Velocity
..q;.‘;’ Settings| Length. £ g 'g. % Settings| Length. g g ‘g.
B (5] z | A = o Z | &
2i 65°3161| 4494-729|..... STa8N... 3| 56°7667 4404°916..... bt S
2| 63°6137| 4476°061] ... .| °185 2| 50°1699 4341°853 1:794/ 0°634( 1°160
2| 63°3314| 4472°995| 3°096| 1°676 3| 48-4262| 4326°001 5939 ....
2| 62°74156] 4466°642) ... B i [
Weighted mean . . +87°59
Briiga R -25 00
RV LT e ol - 2
Curvature...... - 50
Radial velocity ............ +62°'0

+ORIONIS 680.

1907, April, L Observed by
G. M. T. 12" 56 Measured by}W T Ak
Al A g g B
.| Mean |Computed 3 & g .| Mean |Computed 'EB E £
e of ave 3 Ir § Velocity.|[£ of ‘Wave ] 2 |Velocity
SiSettings| Length. | & | £ | & S/Sertings| Length. | £ | £ | &
g o Q L) 2 =1 o =]
= o T = = o TS
2] 6b6°3222| 4494°936 ..... ORI . M 3| 56:7902| 4404:988)......| 927} .. . |..enn...
2| 636281 4476:285 ...... RO, SR, 3| 501877 4341°667| -724| 0°634| 1-090| +75°21
2| 63-3080, 4472°806| 636, 1°676| 1°010] +67°67|| 3' 48-4519| 4325°839| .... o I I N
2/ 62°7657 4466'838‘ ’ L nra i
We@ted BBRATS . e Gz +72°20
............ -24'64
N, o & eerene - 22
Curvature... ... - b0
Radial velocity ............. +46°8
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1907.  April .
G. M. T. 12h 50m

DEPARTMENT OF THE INTERIOR

7-8 EDWARD Vil., A. 1908
« ORTONIS 486.

Obrerved by 4. S. PLASKETT.
Measured by W. E. HArrER.

A4 | 8 R
. . @ . . ®
.1 Mean |Computed 'gg E g Mean {Computed 33 B g J
_‘él of Wave § & 2 |Velocity.||5 of ‘Wave ir] § Velocity
% Settings| Length. | £ | F | & %(Settings| Lengtb. g g | &
£ S |2 |4 13 3 |2 |4
2| 65-3298( 4494-727(...... TR T AR R 3| 56-7823| 4404-921)...... vyt S L (L d B
2! 63:6424] 4476-212|...... b PN DU L TR el 2| 502157 4342°124; 2-104| 0°634| 1-470|+101-43
2i 63-3472| 4473015 2°996! 1°676) 1°320) +88-44i| 3| 484398 4325°973)...... g WO e
2| 62:7645| 4466°739| .... R0 oo N W \
Weighted mean. ........... +94°93
Ve Gs oo < Dot ~24'40
A Rt S T - 22
Curvature ..... - 50
Radial velocity.......... ... +69°8
+ ORTONTS 687.
1907 April 3, Observed by J. S. PLASEETT.
M. T. 13k 22m Measured by W. E. Harrer.
st e S 8
. : 2 3 @
.| Mean |Computed '§3 E g .| Mean |Computed EE B g
=l of Wave |8 E & |Velocity.|[5| of Wave 2 I & |Velocity
% Settings| Length. | & E | % £ Settings| Length. | & E | g
= S |=Z | A B S |=& | A
2 65°3100| 4494°667|..... 3| 56°7720 4404'919...... - o { (LI e WM IR
2| 63-6337) 4476°218| ... . 2| 50°1852 4341°944] 924 0°634] 1°290| 489 01
2| 63:3294| 4472°922 3| 48°4285; 4325972 29897, .
2) 62:7527; 4466 712

Weighted mean ve ..+ 86
et ks B —24°40
S A e -
Curvature. .... — 50
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SESSIONAL PAPER No. 26a

« ORIONIS 693.

1907 April 5. Observed by J. S. PLASKETT.
M. T. 12h 30m Measured by W. E. HARPER.
z > 5]
.| Mean |Computed '83 E g ' .| Mean |Computed§ E 5
= of ave fé g § Velocity. ,é of ave § -él & [Velocity
.g’ Settings. | Length. 5 5 ‘g. -2 Settings. | Length. § E .g.
B S - R B' B A
2  65°3042) 4494°543(....0 T38|..... |eeseernnn 3[ B6°7750! 1404-948|....1 927|. ... l....aian
2| 63:/195) 4476:065) ...| CABBL LTI ey 2 B0°2099; 4342-170|°094 0°634| 1-460 !-100 74
3 63-3650| 4473°308(-426| 1°676( 1-76C| +117°25(| 2 484335 4326:017|..,.) 5:989/..... [.... ...
2  62:7427 4466°605(....1 “T27|......|.ccven.nn I
‘Weighted Mean.......... +110°65
= Brdia o s s -2399
A e - 22
Curvature - ‘50
Radial velocity........... +86°0
¢+ ORIONIS 695.
1907. April 5. Observed by J. S. PLASKETT.
G. M. T. 13* 19 Measured by W. E. HARPER.
| R ‘TR
@ 9
[ Mean [Computed '83 E :E .| Mean |Computed 'E—,’a B %
£ of ave |5 | & | § [Velocity.|[8] ~of Wave |8 |3 | § |Velocity
| Settings. | Length. | & § ) | Settings. | Length. |& g | &
o (=]
B o | = | & = & sl a
2|  65-3224| 4494 619|.... 2o (R U TR it 3|  £6°7847) 4404°907...... 2 e e st A
2| 63-6357| 4476°101| .. SE86. =y O 13| 50°2048| 4341-891/1 904 0°634| 1°270| +87°63
2/  63-83505] 4473°010|°086| 1-676] 1410, +94 47| 3| 48:4505| 4325°927|..... 7305 e R P e
1  62°7617 4466°663/.... TS Baprerd f Va.e s M £
Weighted Mean .. . +91-54
Vhi
Curvature - 50

Radial velocity
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1907. April 6.
G. M. T. 12= 2m

DEPARTMENT OF THE INTERIOR

: 7-8 EDWARD VIi., A. 1908
« ORIONIS 702

Observed by W. E. HARPER.
Measured by W. E. HARPER.

Hl d ] 8 St
Bl e | 8 Bl B
.| Mean [Computed g o i ;| Mean |Computed | =3 §
= of ave (B a § Velocity. || .5 of ave o Velocity
2 Settings. | Length. | & g =4 20| Settings. | Length. é g B
= 3 <] L8, & 3 =] -]
z o | A = o | & | A
: |
2| 65°3060] 4494°643) .. 738‘ e 3| 56°7700, 4404°916|....| -927l..... |...... b
2| 63°6195 4476°125|....[ 185 . .. |.... .l 2] 5072205 4342 236|°274| 0-634| 1°640{-+113°16
20  63°3617| 4473°332| 396 1'6764 1°720| +115 24| 2 484238i 4325°888)... 32 RS T S S 5
1 62°7431! 4466°664!....] 727|..... |l......... i
| I
Weighted mean............ ....... +114°20
VE ] b AR e Sy
Curvature.............. - 50
Radial velocity........... . ... ... + 897
¢t ORIONTS 703.
1907. April 6. Observed by J. S. PLASKETT.
G. M. T. 12t 50m Measured by W. E. HarPER.
il L A A 4 | g
£ g ) > 5]

Mean |Computed 'SB B g | .| Mean |Computed ,§B = g |
= of Wave |§ £ s [Velocity.| &'  of Wave (B 4 & [Velocity
%! Settings. | Length. | & g e | .%’ Settings. | Length. |2 g =

=] | 1 =1 oot
& S | =z | A B S & | &
li 65°3325| 4494'731]....] "738|..... [P e 1o & 3| 56-7985( 4404°944|....| ‘927, ... |.....e-s
14 63:6472| 4476°225].. 185 oo |ns 2l 50°2682| 4342°475(°454| 0°634] 1-820{+125°58
2| 634199 4473°761|°736| 1-676| 2:060| +138-02| 3| 48°4560, 4325°977|....| "939.... .f........
1| 627571 4466°614|....] °727(......'.... gl
Weighted mean.... .........  ..... +131°80
Yot o 1 2880
Vaie-vs | - 22
Curvature. - 50
Radial velocity.......... .. «.c..n +107°3
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<« ORIONIS 705
1907. April 11. Observed by W. E. HARPER.
G.M.T. 12» 46m Measured by W. E. HARPER.
T e -
.| Mean |Computed|g Z g ; .| Mean {Computed|g ¥ 5
= of ave § & § Velocity. || £ of Wave |B ] 3 Velocity
9 Settings. | Length. | & g 2, & Settings. | Length. | & g 2,
3 E | 5 & g & £ | =&
=3 B il P B B (i) |
2  85'3438 4-194'732'....l 738! ... > 3! B6:7920] 44014867, .. 3 el LR MR
2| 636437, 4476°072|... -185|.. ... |... . ...|| 8 49°9523) 43395571604 0°634| 1-030] —71°07
2| 63°1484| 4470°714(°836| 1-676| -840| -—b56°28|| 3.  48'4466| 4325°885....( -939|...... SeEllE
2] 62:7677| 4466°585....0 ‘T2|......|ee0eenne [
Weighted mean............ -66°16
T LA i ) e S —22°80
Natns el T o P35
Curvature. ... s (= ehh
Radial velocity............ ~88'7
« ORIONIS.
& &
Number of Neg. Date. 2 Velocity. Number of Neg. Date. E Velooity.
£, S
i
m 1907_ h m
+116° .[Feb. 27..|14 ..| + 26
-~ 22 March 6..112 . + 82°
. O 1% 1R + 75°
A D N . R +106*
w B A8 WG +110-
.+ 3¢ o 11,112 .. -102°
3 +100° w 11,116 .. -122-
. -~ b2° w 200,18 .. + 13°
el A0S w 20..13 .| + 15’
e Bl w 20..13% ..] + 11-
+ T . - + 33
+ n 28..12 .. + 40°
+ nw 30..112 .. + 62°
+ April 1..(18 ..| + 47
=+ n 3..118 ..| + 70
+ " 3../13% ..| + 61
+ v o 5..18 ..] + 8"
s " Or s 135‘ + 67
+ " 6..112 + 90°
+ " 6../13 +107°
+ w 11..(18 - 89
PREVIOUS OBSERVATIONS.
1903. h m 1903. h m
September 5........... 22 29 + 21 |[[October 23...... ........ 23 87 + 42
Wil LT A e 21 b8 + 40 TR R e FUE L B SR b
W O R .. |22 33 + 67 " P i er o S 20 + 90
Qetober 17...... ..., 23 19 + 35

25a—12
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EFFECT OF SLIT WIDTH ON ERRORS OF SETTING.

The investigation on the character of the star image given by the combination
of objective and correcting lens had shown that the effective diameter of such an
image, so far as the transmission of light through the slit was concerned, was so
large that the exposure required was very mearly inversely proportional to the slit
width until this reached about 0-15™™ between 5 and 6 seconds of arc. In order,
therefore, to make use of the greater part of the starlight, a slit several times wider
than is normally used would be required. As the purity of the spectrum diminishes
in nearly the same ratio as the slit is opened, it is evident that for accurate work the
width of slit is limited, and it was the purpose of this investigation to see how much
the slit could be widened without increasing the probable error to a prohibitive
degree.

Evidently this will depend partly upon the character of the star spectrum and
partly upon the optical properties of the spectrograph. Leaving the latter out of
consideration for the present, it is evident in stars of the solar type, where the
spectrum is complex and most of the lines (with the small dispersion available) are
blends, that any decrease in the purity will make the blends more complex and, besides
making the error of setting larger, will increase the difficulty of identification and
determination of the true wave lengths. Hence such spectra will not admit of much
increase in slit width without great loss in accuracy. In the case of early type stars,
however, where the lines are single, errors of identification are not likely to cause
trouble and only the accidental errors of setting remain. The more diffuse the lines
in the spectrum, the less will the probable error be increased by widening the slit
within reasonable limits. As no experiments on this line had ever been undertaken,
and as the question could not be decided by a theoretical discussion, it seemed worth
while to make a number of spectra of the same star at different slit widths and see
how the probable error of the velocity as obtained from a single line increased with
the slit width.

"The value of such work evidently lies in its bearing upon the range of the
equipment, for if it is found that the radial velocity of a star can be obtained nearly
as accurately with a slit -063™® as with a slit -025™® wide, it is evident that stars a
magnitude fainter may be obtained and that all exposures are diminished by about
60 per cent.

The star chosen for the test was g8 Orionis, a helium star with moderately sharp
helium and hydrogen lines and with some metallic lines. Five plates at each of five
slit widths were made with the Brashear spectroscope, and the twenty-five plates were
then measured by myself under similar conditions, using as far as possible the same
lines throughout. Owing to the varying quality of the lines for measurement, they
were weighted, and the weighted mean was used for determining the velocity and the
weighted residuals for obtaining the probable errors. The measurements of the
twenty-five plates follow.



RECORD OF SPECTROGRAMS.

¥z1—"8g3

iadio ngﬂﬁ?ﬁ_’q TEMPERATURE. FocaL PosITION,
No. of Hour —_ —_— Slit Width. —_—
Star. of | Plate. | Date. |Exposure.| ; | Angleat ) in |
Neg. = 2 nd. . Room. Prism Box. (Millimetres.| g, .
G.M.T. *g Beg. | End. | Kind. 25008~ Fosus, Coll’r. {(Camera.
=) Beg. | End. | Beg. IEnd.
1906. hh m h. m Fahr. | Fahr. | Cent. | Cent.

B Orionis,..| 463 [Seed27.[Dec.17.| 18 33| 6| 2 06BW 25 25|Fe. Spark. 17°0 17°0|— 63— 6°3 * 0254 19°0 152 573
n .| 464 | « 270 o 170 19 00 6 2 30 W 25 " d 17°0 16°8|— 6°3/— 63 0254 190 15°2 573
" .. 465 w 27. o 17.0 19 07| 6| 2 40W, 25 25! n 16°8 16°8(— 6°3|- 63 254 190 152 573
" .. 466 w 27| o 17. 19 18 4| 2 51W, 23 23 " 16°7 16°7|— 63|~ 68 03756 19°0 15°2 573
" L 46T w 27 w 17 19 24 4| 2 56W 23 23 " 167 16°6|— 6:2[— 6°2 03756 19-0 15-2 573
" 468 n 27.| » 17| 19 31 4| 3 4 W 23 23 " 16°6 16'6l— 6°1|— 61 0375 190 152 573
" 469 | u w 17 19 43 3| 3 16 W 20 20 " 16°5 16°5|— 59|~ 5°9 0508 190 15°2 573
" .. 470 w 27.| o 17.| 19 48 3| 3 22W 20 20 " 165 16°6|— 5°9|— b9 050 19°0 15°2 573
" 471 | o 270 w 17 19 b6 3| 3 28W 20 20 " 16°5 16°56{— 69|~ 59 050 19°0 15°2 573
" . 47210 0w 27 w 17 20 04 2, 3 36 W 18 18 " 166 16°5)~ 58— 58 0756 190 15°2| 5'73
" .| 473 w 270 w 17 20 09, 2} 3 42W 18 18 " 165 16°5/— 5'8'— 5°8 076 19°0 15°2 673
" | 474 » 277 w 17.0 20 13| 2| 3 4TW 18 18 " 166 16°6|— 5°8/— 58 076 19:0) 15-2 573
" 494 [ » 27.| « 19 16 19| 6| 1 00 E 25 25 " 13-4 130/~ 7°4/- T4 025 19°0 15°2 5:70
" 495 | o 27 w 19, 15 27 6| 0 b4 E 25 25 " 13:0 12°0|— 74— 74 025 19 0 152 5°70
" 496 | w 27.1 » 19.; 15 40 4| 0 40 E 23 23 " 12°0 11°5|—- 7°4/— 7°4 0375 19°0 15°2 570
" 497 o 27 w 19.| 15 44 4| 0 33 E 23 23 " 118 11°0|— 7°4|— 74 0376 19-0 15°2 570
" | 498 o 270 w 19. 16 54 3| 0 25 E 20 20 " 11-0 10°8|- 74|— 74 0560 190 16-2 570,
n 499 w 27 w 19.] 15 59 3| 0 20 E 20 20 " 10 8 10°6|— 74— 74 050 19:0 152 5:70
" BOO | . 27.| » 19, 16 O7 0 12 E 18 18 " 10°4 10°4(— 74/~ 74 0625 19°0) 15°2 570
" 500 o 27.| w 19.] 16 12| 24 0 7 E 18 18 " 104 10°3|— 7°4/— T4 0625 19-0 16°2 570
" 502 | w 27. » 19.| 16 20 0 0 18, 18 " 103 102/~ 74—~ 74 :0625 190, 15°2 5701
" 503 | » w 19.] 16 24 0 4W 18 18 " 10-2 101 - 7°4/— 74 0625 19°0 19°0 570
" 504 [ « 27 w 19.] 16 31 0 12W 18 18 " 10-1 10°0(— 74/~ 75 0625 1901 190 570
" 506 | o 27.| « 190 16 37 2| 0 18W 18 18 " 10°0 10°0|— 7°4|— 75 075 19-0 19 0 570
" 506 w 27 w 19.] 16 41 2 0 2W 18| 18 " 100 100/ - 7°B|— T'6 075 190 190 6°70

| Observer.
€eGg *ON H3IdVd TYNOISS3S

beant

™~

. .

9 R O TP PP P PO PO O O O O

YAWONOYLSY AAIHD AHI 40 LH0dAT

R

T
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B ORIONIS 463.
Slit -025.

1906, Dec. 17. Observed by J. S. PLASEETT.
G. M. T. 18» 33m easured by J. S. PLASKETT
x| 8 ElE [§
.| Mean |Computed E ) g E .| Mean [Computed § 2
b=} of Wave 1 & .g Velocity.| = of ave ir 2 | Velocity
¢! Settings. | Length. | § g 2 !.% Settings. | Length. g g 'fg.
= i o o
B S | = |A B S | & (A
| | |
3 72:'8657| 4584°396( ..... NIRRT i S S 2 626806, 4467°042...... 7721 ..
3| 700181 4549°960|..... D642 Al e o 3{ 56°7140| 4405°174 ...... 5927
2! 65°2394) 4495°055| ... DETBBI R AL 1L cdatml 1 b5b0437| 4388-666 8416 8-100 *316
3 64°0587) 4482°013!'1°700| 1'400|°300, --20°07|| 2| 50°0231| 4341'019] 0-834| 0634 -
2! 63:5534| 4476°493|...... BHLBBI L 3| 48'3893) 4326-122|...... 6°939
2| 63:1691 4472-319] 2°006| 1-676| 330 2211 3i 46° 3865 4308-248! . 808l ,....
‘Weighted mean......... +19-08
s Y o - 4°59
LB R B, - ‘16
' Curvature.... ...... - 50
Radial velocity..... veees +13°8
B ORIONTS 464.
Sht 025,
1906. Deec. 17. Obgerved by J. S. PLASKETT.
G.M.T 19 Measured b J. 8. PLABKETT.
=il é [ | =
SRR BB | 8
.| Mean |Computed '§ i 2 .| Mean | Computed '§ 8
= of Wave Ed & [Velocity.| = of ave |5 ] _g Velocity
S| Sottings. | Length. & B2 %) settings. | Length. |§ | £ | £
g 8§ | 2|4 2 8|2 |8
g et e l !
3 72'83C4] 45814°035.... 018 L = 21 63°1336] 4471°934/°979 ‘676 -308 20°30
3 72°8603 4584°330 ‘313 : 4404821 . ] f (SR [
2  69-9855 4549°574!.... 4388-201 313 *1000 *213] 14°54
3 65°2061 i L 4340°778) 908, 634| °274; +18'90
3  64-0273 4481-669 ‘713 4325°819) . i< [ TSRS (RN
3i 63:5214, 4476°145|.... 4307 936| OBLY s ocnslhr-nsdn,
I
Wei bted Mean.......
............ 3 - 4569
Vd ....... g - - 19
Curvature, ......... - 50
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B8 ORIONIS 465.

Slit - 025, g e
1906. Dec. 17. erv Yy
G M. T. 10" o7m N rhe Tt by} J. S. PLASKETT.
Al 4 g Al |8
i ¥ D . i (53
. | Mean |Computed 'gB B g . | Mean [Computed |TE E g
= of Wave ir g Velocity.|| & of Wave § = g Velocity
£0 |Settings| Length. | & g & 0 Settings| Length. | £ g 2
B S | & A B o | % A
3| 72:8405! 4584°086 ....\ i | L T e .|| 13| 62:6541] 4466°767|.... PRI b beu L 140 &
1| 72:8449| 4584:153(-088{ -018| °070|..... ...|[S3 | 56-6892| 4404°927(....0......01.coeo | uvrn oun
N30 6010912] - 4BAT 642 . e |t aea 4 | 55°0195| 4388-429(°430| -100| °330| 22°53
2| 65-2117| 4494747 (....| 1788l... ..t iiane 2 | 50°0140{ 4340°936{-920| '634| -286| +20°42
3| 64-0275] 4481°'671/°650 400, 250 +16°72|| 3 | 48:3713| 4325°960{....| 939 .. .|. . ....
2| 63-5265] 4476°200|.... = o o T ] ) PR 4 S 3| 46°3676)| 4308:081|....} .... [..... K)o T
2 63'1460' 4472:063|°046 676/ 370 25'79|
B ORIONIS 466.
1906. Dec. 17 itk L1 Observed b
906. . 17. erved by
G. M. T. 1918w Messured by |9 S Prasxerr.
Al 4| g AlH g
¥ . 5] 3 - 5]
.| Mean |Computed |BE B g Mean |Computed E? B g
= of ave |B 2 2 |Velocity.|| & of Wave |5 | 2 |[Velocity
| Settings. | Length. | & 8 e .20 Settings. | Length. | & g =2l
° =) 427 @ E s 2
B S | & | & = 3 & | A
2 72-8289| 4583-943 ...|. 018 . i......... 2 62°6451] 4466°660| .. 23777 | Wt H B oo
3| 72°87000 4584°449(°518 -018| ‘'500| +32°60|3 66°6795! 4404'820's. .. 927].... |........
2 69:98211 4549:584(.. | 642f......0 Li.lL, i 55:0233| 4388-466(°570| -100; -470| 32°10
2 65: 1958 7 4494°5701. . I -ST3RILTLIL s L Bt 49-9981! 4340°789(‘894( 634 260 +17-94
3 64°0246) 4481°639|°710| -400; °310 20°73||3 48:35670| 4325°830i....1 "989.... [i..enn..
3 63:5150, 4475°114/....f “185| .....|[........ 3 46-3526) 4307°943|....| ‘081|.... | .......
2 63°1400 4472°004!1°076; -676G; 400, 2680
Weighted Mean ..... +23°02
AR b s —4'59
Nl nfts 1ok - 22
Curvature. . - 50

Radial velocity... .. +17°7
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7-8 EDWARD VIL., A, 1908

8 ORIONIS 467.

Slit -0875. .
1906. Dec. 17. Observed by J. S. PLABKETT.
G. M. T. 19h24m Measured by J. S. PLASKETT.
i S A | IR |
i .UB B g Bl B g
.| Mean [Computed |3 <) 2 . Mean Computed|3 g
= of Wave |5 = 2 |Veloecity. || & ave B ] & |Velocity
- Settings. | Length. | g ) & Settmgu. Length. |& g8 =
s S .
E S | =& | A B S | = | A
3| 72°8329| 4583:992|.. IR rRS S X L 2| 63'1466 4472:075!°051| -676| -375{ 25°12
3} 72-8457| 4584°150/°178 018 -160; -+10°43|| 3 56’6872! A4304°908}. ..o F8TH A i eat
2] 69:9900) 4549°627(. ..| 642 .. ..l .. .....0 4l 55°0150, 4388-385(-400| -100| °300] 20°49
3| 65°2085] 4494°'711|... YT . Lo W 2  49°9975 4340°784!°796| 634 -162|+ 11°17
23 64-0397( 4481°805/°780 °400{ -380 68| 3| 48:3670 4325°920|....{ °"939.... |........
63°5300] 4476°238|....| °185|..... S AL ] 3| 46-3627, 4308'037] .. TOBL It R =
Wei hted Mean....... +20°98
......... = ey 38 - 4°69
Vd .............. > 182
Curvature...... - b0
Radial velocity.... +15°7
B ORIONIS 468.
Shit -0875.
1906. Dee. 17. Observed by J. 8. PLASKETT.
G.M.T. 1931» Measured by J. S. PLASKETT.
3] 5 (2 1974 ] 2
! g <1 Ut U o e
a7 Bl L= B | 2
.| Mean |Computed ] o o .1 Mean (Computed g = @ 2
E of ave (B & 2 |Velocity. |l £ of Wave |5 ] § Velocity
| Settings. | Length. |2 g = .| Settings. | Length. | & g =
o 3 8 = @ 8 =) E]
B Sl B =) B -8 l& | A
2 72:8397| 4584°076( ... O18i.... [..... ... 13| 62°6520] 4466°735 BT | - o oterell Bt e fram s
1 72°8672| 4h584°416/°3568| 018 °340| + 22°16|| 3| 566 6890 4404 925 TS R
21 69-9926| 4549°658)....| 642[......] ........ i £5'0233 4388°466/°466/ -100] -366( 25:00
3] 652122 4494°752[....| 738 ... | veeeien. 1 50°0083| 4340°884(-884| ‘634 -250(+ 17'25
24| 64 0378| 4481 784/°776| -400| -376 25°15|| 3| 48-3690! 4325°939|. i S R
2| 635259 4476°194|....] 185| .... |... ..... 3| 46°3666| 4308°072 OBH =l et i
2| 63:1438| 4472°044°036| °676] 360 24°12
Welgh'oed Mean, . +22-96
............... - 459
Vd .............. - 2
Curvature........ - b0
Radial velocity........ +17 6
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8 ORIONIS 469.
ot Observed by J. 8. P
. Dec. 17. served by J. 8. PLASKETT.
](.g?GM. T?%S)" 43m Measured by J. S. PLASKETT.
404 |3 I -
gl B | § Mean |Computed(3E| E | &
M Computed|F 1 ean [Compu
= oefan 1% e C § |Velocity. = of Wave g i 2 |Velocity
2| Settings. | Length. |£ g =, 40! Settings. | Length. | & & -
> 5 =] = o 5 S -
B SIS S = O (A =
2 728265 4583-913 ... 018|...... = ALF |1 62:6459| 4466°669|....0 727|..... [.ceenenn
3 72-8595| 4584°320(°425 ‘018 -407| + 2653 3 566822 4404°856|....1 -927|..... ol h
2 69-9871 4549°593|....| 642| .....|.c..0innn ‘ 3| 55°0372| 4388°602(-674| 100 °574] 39°20
1 65°2035 4494°655(....] 738f......|....... 41 49'9881| 4340°698|°794| -634| °160|+ 11°04
24 64-0160| 4481°546( 610, °400; -210 14'04| 3 48:3586| 4325°845(....01 989|......0ce00inns
2 63:5205 4476°135[....| :18B|.... .].cececvas 3 46°3551| 4307°970]... SR a Y o S
1} 63°1329) 4471-927|°983 676/ -307 20'56||
Weighted mean...... + 16-98
SRR ~ 459
i AR - 22
Curvature . - 50
Radial velocity...... + 11'7
B ORIONIS 470.
Slit -05.
1906. Dee. 17. Observed by J. S. PLASKETT.
G. M. T. 19t 48= Measured by J. 8. PLASKETT.
gl s Sod |8
. . [ . . D
.| Mean |ComputedTE & g .| Mean |Computed|SE B g
3 + . -+ < — .
= of ave |9 E 8 |Velocity. ks of Wave ) @ § Velocity
0| Settings. | Length. | & g ) 1| Settings. | Length. & g =
B et | o 'B ot A |8
2 72:8250, 4583°895.... 018 e T %X 62:6381; 4466°585|.... v P orel AN e
3| 72:'8520, 4584-26S,°388| 018 -370| + 24-12|3 56° 6760, 4404°795|... 7 A et T
2 69°9766] 4549°668(....| ‘642|......] c.cveenn | i 55°0253| 4388-487/°620| °-100] 520 35°51
2 656°2016] 4494°634(.... ‘738......|......... 1 500005 4340-811!-984| -634| 350 +24°15
3 64:0228| 4481°620|°716] °400| -316 21°14|3 48'3521| 4325°787|....| "939l......[........
lg 63°5176| 4476-103| .. 2 b MRl UL vy otlli3 46:34821 4307°910|....| O0BL|......]vee..pose
1 63:1297| 4471-892|°002| 676/ -326 21-84 I
Weighted Mean.. .... + 22°82
Wi s B - 4°59
WWrirs: 4 Ever & - 22
Curvature.. - 50
Radial velocity.. .... + 17°5
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B ORIONIS 471.
1906, Dec. 17. Gl Observed b
ec. erve
3. M. T. 1956 Measured b)y’ }J S. PLASEETT.
SIS = Al & =
4| e g Dlekes g
.| Mean |Computed 'SB E § . Mean Computed 'gg B §
b= of Wave |5 - & |Velocity.| = Wave |5 =2 2 [Velocity
-%¥| Settings. | Length. £ E % 2 Settmgs Length, |& g =
= B (=3 =1
B S | = | A IB SulE LB
<, | |
3| 72:8216| 4583-800.. .| -018...... s i b2'6389! as66-504]. .| 727l ... Lo
3| 728030 4o81-289°368| 018 350 w2833 | 566806 edoi-sd0ll | -oal. il UL
1| 69°9873 4549'505...., ‘642 .... | ........ 1| 49-9974| 4310783904 -634| ‘270 '18°63
2| 652017 4494'636 ... 738\ ... |[1I0 00 3 5510233, 4388-466)°600] -100| 500 +34-15
3| 640180 4481-367 ‘670 400 ‘370 1306/ 48-362 4325823 .| -939l.....| ...
2| 635168 4476°004|....0 185 ... |....... 3| 463862 4307-972)...0| -es1|..l L.l
2| 631207 4471°892 °006! -676] ‘330 2201 |
Weighted mean..... ... +20°26 —
............... -4
V: ............... - 19
Curvature .......... ~ 50
Radial velocity...... ... +15°0
B ORIONIS 472.
1906, Dee. 17 SN Observed b
. Dee. 17. served by
G. M.T. 20k (04m Measured by}J'- S. PLASKETT.
=3 =) I é
| = =
.| Mean |Computed EB E B | Mean Computed EB E g
= of ave |[© & § Velocity. | = of Wave g ] & [Velocity
2| Settings. | Length. B g ) 20| Settings. | Length. | & g )
(=1 o o
B Sl & | A = B | B
3 72:8363| 4584°034|....| 018} ..,. |.. ..| 3| 62°6448) 4466-657|....] 727 .....0...... .
14| 69-9915| 4549645 ...| °642..... T 3 56-6827| 4404°862) ...! -927|...... 5wy ¥
2 65°2091| 4494°717|....| 738l .... | evenennn 14 50°0200 4341-0C0[ 084 °'634] -450| +31 05
2 64:0271| 4481°634( 690 .400{ -290| +19°403 48:3607( 4325-864)....0 -939(,.....1 ..... .
13 63-5184| 4476:112|.. .| -185/......|.... PPN - 46:3538| 4307°959!.... ‘081 .....|...... o
1 63°1460; 4472°285| 349 '676[ 673 4504
Weighted mean ........ +28'99 "
................ -4
Wl vt oe onran ~ 95
Curvature .......... - ‘50
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B ORIONIS 473.
Slit *075. ol a5,
1906. Dec. 17. served by
G. M. T. 908 ggm Mhourea by}J' 8. PLASKETT.
4l 4 | % '] al a4 | g
.| Mean [Computed E; E g | .| Mean Computed 3k E 8
i of ave |5 | § Velocity.| = of ave |5 & 3 | Velocity
| Settings. | Length. | & g ’% || Settings. | Length. | & g =
{=3 - ! B
E S| & | A lB P - )
2 72:8672| 4584°415!....] -018|..... ]........ i 62°6725] 4466-955|. ... ST -
2 70°0161| 4549-936(....| '642|..... [ .. ..... 3 56°7186| 4405°219!. . L A i T Y
13 65°2359] 4495°016)....] 788|..... J.e....... | 3| 55°0624] 4388°849| 569 100 -469] 3203
2 64:0521| 4481:941|°685| °400| ‘285| +19-06|1 50°0216| 4341°006('766, -634| -132( +9-11
L 635490 4476°445/... YRBD 1ig i Tk sn 2 . 5 ’3 48-3930| 4326-156j....| °939|. ... |........
1 63°1724) 4472°355(°110] 676 '334 22°37)13 46-3905| 4303°283|.... -081i...... =]
] . ‘
Weighted mean.......... +18:26
L) & o s oV S N e - 459
Nd. .2l gt e A RS - 2
Curvature.. .......... - 50
Radial velocity..... . .... +12°9
8 ORIONIS 474.
Slit -075.
1906. Dec. 17. Observed b
G. M. T. 20% 13m Measured b§}"- 8. PraskETT.
sl a4 Al 4| 8
) 8 A 3
| Mean [Computed 'F.?B- E g | .[ Mean [Computed '83 Y g
= of Wave B @ 2 Velocity. £ of Wave |€ 2 S | Velocity
.%f' Settings. | Length. | & g - 'l.g.f Settings. | Length. (& g 2 |
o— o -
B S & | & B Lo I
|
3 72 8345 4584'012! i) 3 62°6359 4466°562|....0 727(.. ...l .......
1 69°9864| 4549°584/.... 8 56°6780]' 4404'815{....1 -9277 .....|........
1| 6571895 4494°500|. 3| 54-9865 4388-106|-210[ 100 ‘110 751
3 64°6260, 4481° 655|740 2 49-9938| 4340-750/-834{ ‘634 200/ +13°80
1 63°5190] 4476°119 .... 3 48-3558! 4325°856/....| 939 ......| voo....
1| 631262 4471'854"936 3| 46:3567| 4307-985|....| -os1l..."T). Il
Weighted mean . ........ +18°26
1Sy i - 459
PN V] - 19
Curvature... ... ..... - °50
Radial velocity. ......... +130
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£ ORIONIS 494.

Slit ' 025.
1906. Dec. 19. Observed by J. 8. PLASKERTT.
G. M. T. 15 19m Measured by W. E. HaRrPER.
3714 R
I @ ([T o
.| Mean |Computed E B 5 .| Mean |Computed '§B B g
Al of ave |5 | & | 3 |Velocity.|2| of Wave |3 | 2 | § |Velocity
9 Settings. | Length. | & g - - i Length. & § fg,
B S | =& | B = S|z | A
2 72:8247) 4584°180|... '0181 .............. 2 62'6524) 4466°898|....[ 727...... RS
3] 72°8590| 4584'603 *018] -423| +27°57|3 56-6875 4105°032(....| 927(......[........
1 69°9854) 4549°814] ...| "642)... ..|......... 2| 55°0454 4388°7991°680] °-100| 580 39-61
2 65°2063] 4494°868|. 7881 ozl e v il 2 50°0097| 4341°005(°854| -634] 220/ +15°18
3 640383 4481-961|" *400{ 450 30-10}/2 48-3740 4326°094!....0 939i.... .|........
2 63°5177| 4476°271].... -185| .. ..I....... 3 46:3695| 4308°209|....| 081| .... [...... %
13 63°1623] 4472-408[" ‘676 610 40°87 5
Weighted Mean .... 42839
AT T —-5-42
Vo iaoae I8 + 09
Curvature. . - 50
Radial velocity ..... +22'6
*B8 ORIONIS 494.
906. Dec. 19 i Observed
1906. ec. 19, rved by
G.M.T. 15 19m Measured by}J‘ 8. PLASKETT.
Al 4| 8 'i ; EICR
;| Mean |Computed 33. E g ; .| Mean Compated| g2 E B
b= of Wave |8 < 2 |Velocity.||2 of Wave |9 8 g Velocity
-2 Settings. | Length. | & g el -&¥| Settings. | Length. |= g )
Z S z a 3| | O Z =)
2 72°8210| 4584°134|... .1 °018|...... [........ 2/ 62:6388 2466 751).... FE-4 PR LY | [ e
3 72°8493) 4584-484/-368| 018! -350| +22-82(| 3| 56°6789, 4404:916 .. B N T SOy s
2 69-9800) 4549-761(....| -642l......0......... 1) 55'0326] 4388°674)" 100} -566] 37°97
3 65°1989| 4494°785[....1 738l......0.ci00unn 2! 50°0078 43140°988|° 634 330; 422 77
4 64-0307| 4481°877:-833| 400 433 28:96|( 3 48:3600 4325 967;....1 939 .... |....... s
3 63:5150| 4476-241|.. .| -185 4 o= omi e 3| 46°3556) 4308°087|... g4 | [ B 1) WS
3 63°1482 4472-255 206| ‘676 “b530 35°51 |

* Check measurement.
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8 ORIONIS 495.

Slit " 025.
1906. Dec. 19. Observed by J. S. PLASKETT.
G. M. T. 15027 Maeasured by J. S. PLASKETT.
e K 33| 2
© @
Mes.n Computed EB E g .| Mean [Computed ?;B B g
ave |5 =] 2 |Velocity.|| = o Wave |8 2 g Velocity
Settmgs. Length. |= g B ['% Settings. | Length. g g &
= (=} -
B S|z | A 33 = -
3 728437 4584'414I.. 2 PN il b 12 626598 4466°'977)....
3 72-8604] 4584°620|'224] -O18] -206| +13'43)|3 b56-6974| 4405°131)....
2 69-9988| 4549°974|.... LA 3 55°0340| 4383-688|'488
3 65°2232 4495°056.... 13| 50-0181| 4341°083| 874
3 64°0355; 4481930 690, 3 48-3806] 1326-153|....
3 63°5348) 4476°457|.... 3 46°3770) 4308°275|....
24 631569 4472°319| 086 { .
Wel%hted WIGEC L syt +21°76
.................. -§42
Sk S e e ey +
Curvature................ - B0
Radial velocity .. . ........ +16'9
B ORIONIS 496.
Slit 03875.
1906. Dec. 19. Observed by J. 8. PLASKETT.
G. M. T. 15240n Measured b yJ S. PLASKETT.
o e - dld g
| = = 5]
| Mean Comput;ed"ﬁiB : § ) .| Mean |Computed ’33 i é
b1 of ave |H F .g Velocity || 2 of Wave § = 2 [Velocity
¥ Settings. | Length. i g 2 2 Settings. | Length. | & g B
o (=3 .t
S b il [ = 1 A 8
2 72°8432( 4584-408 62°6507( 4466°-879|.... LT LISE S S s,
3 72:8715] 4584°758| 368 56:6956| 4405°113|.... 927 . .. |........
2 69-9928( 4549°902!... 50-0168| 4341-070{-910{ -634| ‘276 +19-04
2 66°2142| 4494°956|.... 48°3736) 4326°090] ...| -939|...... wiys. T
24 64°0390 4481°968| 770 4637556 4308:262....| 081 .....|........
2 63:5298| 4476°402
Wei hbed Mean .. ........ +22°62
...................... -5-42
Vd ................... + 04
Curvature.......... e - b0

Radial velocity............... + 167



180
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8 ORIONIS 497.

7-8 EDWARD VIi., A. 1908

Slit *0375.
1906. Dec. 19. Observed by J. 8. PLASKETT.
G. M. T. 15" 44m Measured by J. S. PLASKETT.
=) ] fé Ho4 fé
| Mean [Computed B B g | Mean [ComputedE5 B g
Z| of Wave |5 | 3 | 3 [Velocity.|E| of ave 5 | | & |Velocity
-2 Settings. | Length. | & g = | Settings. | Length. | & é £
B (=] .
B S | & A B S| = | A
2 69°9746) 4549°686).... B et Yo o oo ST I li 62:6392 4466°755(....1 “72M.... lbeeoloun
3 64 0218 4481-780(|°760| -400; °360| 4+ 24°08 55°0242] 4388°592/-600| -100] ‘500 34°15
2 63-5123| 4476°211]... '185‘ ...... e 23 1 50°0015] 4340°930( 924 -634| -290| + 20°01
1%  63°1347) 4472°109]-086] 676, -410 27-47|13 48:3504) 4320°962|....] “939|.... if..ceee..
|
Weighted Mean...... + 25709
(=it 8= A -5'42
Vi ooeinss o D4
Curvature . - 50
Radial velosity....... + 192
B ORIONIS 498. =
Slit *05.
1906. Deec. 19 Observed by J. S. PLASKETT.
G. M. T. 15b 54m Measured by J. 8. Praskert.
404 | 8 =l
. . 3 . . [
| Mean |Com uoed-'§ E £ | Mean [Computed 33 E E
= of ave |9 & g Velocity.|!= of ave |5 & § Velocity
% Settings. | Length. g g 2 .%" Settings. | Length. | = g '§.
B S |& | A = S |=& | A
3 728427 4584°402).... A 30 S 0 A 1 62°6571) 4466°948!....1 727| .... |........
3 72-8702] 4584°734|-354] -018] -336| + 21 90||3 56:7000( 4405°157(....| "92T|..... |eeecoces
2 700056 4550°055]....] 642(. .. .|..... ... 3 53-0338| 4388-686|°466] -100| -366] 2500
2 65:2146) 4494°961|... ™ 14 50°0112| 4341°019(-814] -634| -180] + 12°42
2% 64:0422) 4482°003('767| 400, -367 25°22||3 48-3776| 4326°125|.... 939]. .. [.... .. 3
2 63:5338| 4476°446(....[ “185{..... [c.veennon 3 46°3761| 4308°268|....( -081]. AT
1% 63-1656| - 44727 1444!°216) -676] 540! 3618
Weighted Mean...... + 24°61
oA dand -5'42
Va0 + 04
Curvature . - 30
Radial velocity....... + 187
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1906. Dec. 19.
G. M. T. 15»59™

B8 ORIONIS 499.
Slit -05. L
erve i
Measured b;}J' 8. PLASKETT.

S = Sl g <
3 g o T g
.| Mean |Computed Eg B g .| Mean [Computed EB E g
= of Wave |8 I 2 |Velocity.|| = of ave |9 3 § Velacity
39 Settings. | Length. | & g B 2| Settings. | Length. |& g 2
3 S |=& | A &= B | & a
2 |° 69°9969| 4549 952|.... '642‘ ..... o Al om 3 bf 7004 4405°161i....| 927(..... |... ....
3 60121201 | 44940821, -1 T8 el St o o i 550456 4388°801)°660] <100, 460! 38141
23 64°0510| 4482°100| 870, 400, 470 +31-44{1 50°0141| 4341°046|°814 -634] 180 +12:42
2 63'5304| 4476°403|.-..[ "185|......]... ... 3 48:3821| 4326°167(....| ‘939......|.... fr
13 631693 4472-484|°213| -67c| 536 " 3591|3 | 46'3785| 4308-288....| -os1| . l|IITIll
T'| 626708 4467°095/....| T|.. ...
Weighted mean......... +27°64
N e T e | T -5-42
Viaete o € Rt + 04
Curvature .......... - 560
Radial velocity.......... +21°7
8 ORIONIS 500.
1906, Dec. 19 ol Observed b;
906, Dec. 19. serve )
G.M.T. 16h07= Measured b?}J - 8t PLaSKETT.
Mg o S
.| Mean |Computed 'Eg E g Mean |Computed 'EB B A E
= of Wave |8 2 § Velocity. || 5 of Wave |8 3 § |Velocity
20| Settings. | Length. | & g B £*| Settings. | Length. | & g 'g.
5 Q B
B 18| BB z & 1'mla
3 72°8407| 4584°377|.. . 1 62°6531| 4466905 s ot A T e
3 69:9912| 4549-884.. . i Al i b6 69721 4405°129] .. 11 e e el e
2 652176/ 4494°9Y5|... e | ST ST 3 55°0072| 4388°426|'216| "100 ‘116 792
13| 64°0303| 4481°873|'600] °400] °'200( +13-38(|2 500033 4341°050| 864 634 -230| +15-87
3 63:6353] 4476°462(....1 .185] .... [....... .|I3 48-3771F 4326°121(.... 939 ......|........
2 63:1550| 4472°329(°081| "676| ‘405 27°13|(3 46°3742/ 4308°251|.... "O08L|......|........
Weighted mean. . +18'79
et fo diceiie S e - -5-42
e TR o e 00
Curvature ..... .... - b0
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B ORIONIS 501.

9 RS Observed b
1906. Dec. 19. v v
G. M. T. 16" 12= Measured by jJ- S- PLaskerT.
I ]
4T g |
E| B | & |
L | .| Mean Computedlg | |
£ (5 ot Wave 41 2 | Velosity
& |® Settings. | Length. g E| g |
B B o & | A
=1 | —— 1 {
| | | .
2! | d1 ! 62625 aesssr....| crem.....l....o..
13 il 13| 5676706/ 4404°833l....| -927\... . | .. ....
1 A0 (14 500022 4340-936/°000] 634/ ‘366 +25°25
| 87| 48°3488| 4325-866/.... 939 ..... AR
1 | 3| 46-3463 4308'004}. 081 .. ’ N
) | | | | | |
Weighted mean. ........ +36°49
-ter L > -b5-42
Yo S T -00
Curvature ..... - 50
Radial velocity.......... +29'6
8 ORIONTS 502.
Slit *0625.
1906. Dec. 19
G. M. T. 16» 20=
oo a1y
Mean [Com bedg [ §
,El of ave :§ ﬂs‘ | &
S Settmssl Length & 5 | B
B ; © | & | A
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SUMMARY OF VELOCITIES.

Stit 025 Slit  -0375 Slit  '05 Slit  -0625 Slit 075

Plate. | Velocity.| Plate. | Velocity. | Plate. | Velocity.| Plate. | Velocity.| Plate. |Velocity.

463 +13°8; 466 +17°7 469 +11°7 500 +12°9 472]  +23'6
464 145 467 157 470 17°5 501 296 473 12°9
465 152 468 17°6 471 15°0 502 157 474 130
494 23°3 496/ 167 498! 187 503 93 505 14°3
495 159 497 19°2 499| 217 504 22°0 506 58

Means + 16°56 + 17°4 + 16°9 + 17°9 + 13:9

r= 117 + 0°38 + 114 + 242 + 191

General Mean +16°5 kms. per sec.

Tt will be noticed that there is not very good accordance in the velocity values of
some of the plates; this may be accounted for partly by poor temperature control,
partly by increased slit width and possible asymmetric position of the star image and
partly by faulty guiding. The star is too bright for the best results in guiding by
transmitted light, and it would be quite easy to obtain non uniform illumination of
the collimator lens which might easily persist for the whole of an exposure. This
ranged from 2™ with slit -075™® to 6™ with slit -025™® wide,

Any systematic displacement produced by any of these causes will not, however,
affect the result obtained by discussing the residuals from each plate, and this is what
was done in the first case. The residuals in kilometres per second from each line
on a plate were grouped together for each slit width, five plates between 20 and 25
lines, and the probable error of the velocity obtained from the measurement from a
single line was deduced.

Slit Width. ¥robable Error.
-025mm 2-89kms per gecond.
- (3o 8.19kms i
-(50mm 4.44%ms £
-0625mm 3. 9gkms !
-Qrpmm 4.68kms 4

The probable error, as the table indicates, increases gradually with the slit width
although not nearly in the same proportion. If this diminished accuracy were permis-
sible, the range of the instrument would be more than doubled. It is probable in
spectra with sharper lines that the ratio of increase of probable error with slit width
would be greater, and in spectra with more diffuse lines, less. The increase is undoubt-
edly due to the greater difficulty in setting accurately on the diffuse lines given when
a wide slit is used. If the dispersion of the spectrograph were increased and the focus
of the camera correspondingly shortened, this difficulty should be materially lessened,
and as soon as a short focus camera lens is obtained for the new spectrograph, this
investigation will be continued along the lines indicated, for the purpose of determin-
ing the maximum permissible slit width for reasonably accurate determinations, and
for obtaining the relative efficiency of two spectrographs,—one with low dispersion
and camera of long focus, the other with high dispersion and camera of short focus.

However, although not sufficient plates were measured to give a definite deter-
mination of the exact relation between slit width and accuracy, what has already been
done seems to show that the slit width can probably be materially widened on early
type stars without entailing much loss of accuracy.

25a- -13
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The other three investigations mentioned above are given below as Appendices
A, B, O, and complete the report of the astrophysical work done during the past year.

In conclusion, allow me again to express my deep sense of obligation for the
many kindnesses you have shown and the help and encouragement you have always
given me in my work.

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

J. S. PLASKETT.
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APPENDIX A,
(Reprinted from the Astrophysical Journal, Vol. XXV., No. 8.)
‘THE CHARACTER OF THE STAR IMAGE IN SPECTROGRAPHIC WORK.

¢BY J. §. PLASKETT.

¢ The object of this paper is to describe some experiments on the size and form
of the star image given by the combination of objective and correcting-lens, with an
investigation into the causes of the observed effects and suggestions for the improve-
ment of existing conditions.

‘The equipment of the Dominion Observatory, Ottawa, for radial-velocity work
consists of a 15-inch telescope with a Brashear visual objective and photographic
correcting-lens, and a spectroscope of the Universal type, also by Brashear. The
objective for visual purposes is excellent, and the spectroscope is admirably adapted for
general spectroscopic work, but, as the experience of others as well as myself has
shown, is not suitable for the accurate determination of radial velocities. Tts design
as a universal spectroscope does not give sufficient stability, and, in exposures of any
length, flexure will not only ruin the definition, but is liable to introduce systematic
errors in the velocities obtained. Pending the construction of a spectrograph specially
designed for the required purpose, an attempt was made to render the present instru-
ment capable of giving accurate velocity values. The investigation and removal of
the known sources of error led to the discovery of the aberrations to be presently
described. A brief description of the steps leading thereto may be of interest.

¢ Trusses connecting the various parts of the instrument, where flexure could occur,
with the supporting tubes were applied to such effect that an initial displacement of
the speectral lines, equivalent to a velocity of 30 km per second, occasioned by a move-
ment of telescope and spectroscope through two hours in right ascension, was reduced
to 12 km The prisms were firmly clamped in place, without inducing strains in the
glass, by screws passing through the base of the prism-box and the minimum-deviation
linkwork into the prism-cells. The slit-jaws, originally too thick on the edge, were
reground, and the occulting diaphragms for star and spark light were removed from
the slit-head and placed on an independent frame attached to the supporting tubes.
The comparison apparatus was remodeled, the direction of the spark being made
transverse to, instead of parallel with, the slit-jaws, and many other smaller details
were carefully attended to.

¢ After all known sources of error in the spectroscope itself had been overcome,
and after it had been placed in thorough adjustment, it was found that test spectra of
the standard-velocity stars occasionally gave values differing by as much as 3 km per
second from those obtained by other observers. As the probable error of the mean of
the measured lines did not exceed four-tenths of a kilometre, and as all the other
known causes of systematic error had been overcome, it seemed probable that this
might be due to unsymmetrical distribution of the star light over the collimator and
camera lenses. Evidently such unsymmetrical distribution can cause a displacement
of the lines only when the camera is not in exact focus. The camera was always
carefully focussed by a modification of Newall’s method, which readily detected
displacements of the sensitive surface from the focal plane of less than 0-05 mm in
a focal length of 875 mm. But as the plates are supported only at the ends of the
plate-holders, differences in the curvature of the glass may easily cause differences of

925a —133 187
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0-1 mm or more in the position of the center of the sensitive surface, where all
measurements are made, In the case of a displacement of 0-1 mm from the focus, a
distribution of the star light on the collimator objective so that its center of intensity
is 5 mm to one side of the axis, is sufficient to cause a displacement of the spectral
line %75 X %0 = %50 mm equivalent to a velocity of 1-8 km per second.

¢ An examination of the illumination pattern on the collimator lens, both visual
and photographic showed how easily such or even greater displacements of the center
of intensity could occur even with the utmost care in guiding. The illumination could
never be made uniform, no matter how the relative positions of slit and correcting-
lens were altered. The pattern was either a diametrical bar parallel to the slit of a
width about one-third or one-fourth the aperture, or else such a bar with the addition
of a peripheral ring; while a very slight movement of the slit-jaws to one side or other
was sufficient to cause one side only of the lens to be illuminated, without causing any
appreciable change in the appearance of the image in the guiding telescope, guiding
being done by means of light coming through the slit. It is easy to see how the center
of intensity of the star light could be displaced without the observer being aware of
the fact, thus causmg a displacement of the star lines unless the plate were in exact
focus.

‘The appearance of this pattern and its behawour for change of slit position
indicated spherical aberration of the condensing system. That aberrations of some
nature were present was indicated not only by the long exposures required—upward
of two hours for a star of the fourth photographic magnitude—but also by the large
effective diameter of the image as shown by the wide opening, 0-25 mm, of the slit
required to obtain uniform illumination.

¢ An examination of the correcting-lens showed that part of the difficulty might
arise from the accidental inversion of the diverging element, which had been so placed
in the cell that surfaces of unlike curvature were adjacent to each other. On inverting
this concave element so that surfaces of like radius of curvature were in contact, the
illumination pattern became more uniform, the required exposure time was diminished
by 50 per cent. and no errors of a greater magnitude than should be expected with the
dispersion employed, appeared in velocity determinations of standard stars. If the
diameter of the object-glass, 15 inches, and the linear dispersion of the spectrograph,
18-6 tenth-meters per millimeter at Hy, be taken into account, the exposures required—
less than an hour for stars of the fourth photographic magnitude—compare very
favourably with those of other equipments.

¢ Notwithstanding the great improvement shown, photographic tests of the star
focus for different temperatures indicated that the star spectrum was much wider than
could reasonably be accounted for by atmospherie disturbance, and I was led to make
thorough tests of the character and diameter of the image.

‘To determine whether a narrower spectrum could be obtained by a change in
adjustment, a plate was made for each of six settings of the correcting-lens, above and
below its computed position, over a range of four inches. A simple device applied to
one of the plate holders enabled ten successive star spectra to be made side by side
on each of these plates, at different settings of the slit position in the neighborhood
of the star focus; the sixty spectra forming a record of the diameter of the star
image under varying conditions. To insure that the spectrum had not been widened
by a drift of the star image slong the slit, the spectroscope was turned in position
angle until the slit-jaws were parallel to an hour circle. By opening the slit 0-2 mm,
and by using a bright star, Vega, a fully exposed linear spectrum was obtained in
eight or ten seconds, evidently with no chance of widening due to drift. The width
of the narrowest part of the narrowest spectrum on each plate, presumably where the
star was in focus on the slit, was measured, and these widths ranged from 0-085 to
0-115 mm. As the camera and collimator objectives are of the same focal length, and
as one second of arc in the focus of the refractor is equivalent to 0-0275 mm, the
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diameter of the star image according to this test must be between 8” and 4”-8. The

1-2197)
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diameter of the central diffraction disk as given by the formula d = is, for a

15-inch objective and Hy light, about 07-57, while the actual effective diameter as
obtained from the width of star spectra is five to eight times as great.

¢ This enlargement of the diffraction image may be due to three causes: (1)
aberrations in the spectroscope; (2) atmospheric disturbances; (3) aberrations in
the system of objective and correcting-lens,

¢1. Aberrations in the spectroscope—It is a simple matter to determine whether
the wide star spectra obtained are due to this cause, for by direct photography of the
star image no aberrations in the spectroscope can affect the result. A series of star
trails was therefore made on ordinary plates by the system of objective and correcting-
lens. A small plate, held in guides in the slit-cap of the spectroscope, could be moved
in these guides between exposures so as to make a number of trails on éach plate. The
collimator tube, carrying the plate with it, was moved by the rack and pinion about
a quarter of a millimetre between each exposure, to insure having one of the trails
within an eighth millimetre of the focus. A plate each was made of six stars ranging
from the third to the sixth magnitude, and the width of the narrowest trail on each
plate, corresponding to the position where the star was most nearly in focus, was
measured. Although the conditions of seeing both for trails and speetra were above
the average, about 8 in a scale of 5, the trails were not continuous, but broken and
jagged, owing to atmospheric disturbances, and the measurements were made in two
ways: first, of the width of narrow short parts of the trails where the seeing had been
momentarily steady; and, second, of the average width of a longer strip of trail. In
the first series of measurements the widths varied from 0-070 mm in the fainter stars
to 0-110 mm in the brighter stars, while the average widths of longer strips were about
20 per cent. greater. Since the widths of spectra were practically the same, it is
evident that the cause must be sought in the star image itself, and is not due to
aberrations in the spectroscope.

€92, Atmospheric disturbances—Newall, in his paper on the design of spectro-
graphs* has introduced a very useful conception, that of tremor-disks, and he states
that atmospheric disturbances enlarge the effective diameter of the star image. Such
enlargement may be due either to bodily displacements of the image from its mean
position or to the spreading-out of the central image into a more or less expanded
disk. He considers that the actual effect, so far as getting light through the slit of a
spectrograph is concerned, is the same as if the image consisted of a central core from
17 to 2" in diameter surrounded by a more or less diffuse and gradually diminishing
portion, the whole diameter being in the neighborhood of 4” or 5”. If we accept
Newall’s estimates as correct, and if we remember that in no case was a sufficiently
long exposure given to allow the outlying parts of the tremor-disk to increase the
width of spectrum or trail, then the diameter of the image given by the Ottawa
objective and correcting-lens, even allowing the extreme limit assigned by Newall for
atmospheric disturbances, is nearly twice as great as it should be.

¢ 1t is also a simple matter to test this conclusion experimentally. As the objective
gives excellent visual definition, it may be safely assumed that the visual star image is
of normal diameter. A measurement of the width of spectra and trails produced by
the visual image, and a comparison with the widths given by objective and correcting-
lens in photographic light, should at once decide whether the observed effect is due to
atmospheric tremor. The correcting-lens was therefore removed, the spectroscope was
adjusted for yellow light, and spectra were made similarly to the previous ones, though
on Cramer Isochromatic plates, which have a pronounced band of sensitiveness almost

* Monthly Notices, 65, 808, 1905.
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identical in wave-length with the turning-point of the color-curve of the cbjective.
The widths of the spectra produced varied between 0-050 and 0-065 mm, about 27,
but as the seeing was very unsteady (about 13 in scale of 5), these widths are doubtless
about 25 per cent. greater than would be the case with good seeing. For the star
trails the same make of plate was used, light of shorter wave-length than A 5000 being
absorbed by a yellow screen of plane glass placed in contact with the plate. Owing
to the insensitiveness of the plate to light of wave-lengths between A 5000 and A 5400,
and to longer waves than A 5800, only the light which is effective in forming the visual
image can act in producing the trails. As before, the width of the trails varied with
the brightness of the stars, ranging from 0:025 mm in faint trails to 0-055 mm in
stronger trails, or from 17 to 27, while the average width over a longer strip of trail
was about 20 per cent. greater. Notwithstanding the bad seeing, both trails and spectra
were much more sharply defined than those made with the correcting-lens in photo-
graphic light and of only half the width.

‘ These experiments conclusively prove that the abnormal width of spectra and
trails in photographie light is not due to aberrations in the spectroscope nor to atmos-
pheric disturbances, and clearly point to aberrations in the condensing system as the
cause of the observed effects. A short summary of the experimental data will render
this more evident. The theoretical diameter of the central disk, or rather of the first
dark ring, for visual light X 5600, is 0”-74, for photographic light, A 4340, is 0”-57.
The actual width of visual spectra and trails is from 17 to 2”, or one and one-half to
three times the theoretical diameter. The actual width of photographie spectra and
trails is from 3" to 4”-5, or five to eight times the theoretical diameter.

¢ Some further information regarding the size and character of the photographic
image may be gained by considering its effective diameter under another aspect, that
of the loss of light at the slit. Referring again to Newall’s paper, and taking, as he
does for an example, a tremor-disk of 5” diameter with a core of 2”7, we find that
a slit 0-025 mm wide will transmit 31 per cent. of the incident star light; a slit
0-037 mm, 44 per cent.; a slit 0-05 mm, 58 per cent.; and €0 on. I am indebted to
a suggestion by Professor Campbell for a method of testing this theoretical result
experimentally. A series of star spectra were made at different slit-widths, and the
resulting intensities were compared. As it is practically impossible to make a number
of wide spectra of uniform intensity throughout their width, photometric measure-
ments cannot be relied upon and recourse must be had to visual estimates. Such
estimates can be made more accurately if the exposures are so regulated as to give
spectra of equal intensity, and, moreover, within the limits of exposure time and
intensity used here, errors due to the characteristics of the plate employed are to a
great extent avoided. The spectrum of « Lyrae, the star used, is practically continuous
except for the H series, and is therefore well suited for the estimation of intensities,
while its brightness is such that only short exposures are required. Ten different slit-
widths between 0-012 and 0-25 mm were used, and ten spectra, one through each slit-
opening, were made side by side on the same plate.. The exposures were so regulated
as to render the resulting spectra as nearly equally intense as possible, and the final
estimate is the mean from a number of plates and from spectra of different widths.
To render the comparisons more direct, slit-widths will be represented by divisions, a
single division corresponding to 0-025 mm, and the relative exposure times will be
reduced to a unit of 100 with a slit-width of one division, 0-025 mm, or 0”-91, the
normal width with the dispersion employed here.

¢ The following table shows that the exposure required is inversely proportional to
the slit-width until this reaches 0-1 mm, leaving out of account widths less than a
single division, where diffractional logs within the collimator plays an important part.
It also shows that with normal slit-width less than 17 per cent. of the light incident
on the slit is transmitted. In Newall’s hypothetical case 31 per cent. would be trans-
mitted. The experimental data given above, using Newall’s method of calculation,
indicate a tremor-disk 8” or 10” in diameter with a core of about 3”-5, and, as the
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previous experiments have shown, this is much larger than can be accounted for by
atmospheric disturbances.

TABLE 1.
Loss or LicAET AT SLIT.

Sy e COMPABAT?:?TE;};?:Y roR EqQuar

Divs. Mm Secs, Experimental. 2‘;”3&‘;*;‘;,‘
3 0012 045 300
1 025 091 100 100
14 -037 1-36 67 70
2 +050 1-82 50 54
3 ‘075 273 33 39
4 ‘100 3:64 28 34
5 125 4°55 25 31
6 150 5°45 217 31
8 *200 727 183 31
10 250 9-07 167 31

¢The above experiments point conclusively to aberrations in the system of
objective and correcting-lens, when used with photographic light, as the cause of the
observed effects, but they give no information concerning the nature of these aber-
rations beyond indicating in a general way, from the appearance of out-of-focus
photographs of spectra and trails, that spherical aberration is present. It was decided
therefore, to make quantitative tests to ascertain if possible the nature and magnitude
of the aberrations and the best means of removing them.

¢ The most simple and accurate method of determining the zonal errors and axidl
astigmatism of a telescope objective is Hartmann’s method* of extra-focal measure-
ments. The principle of the method and the measurements and reductions necessary
are extremely simple, while it gives accurate values with the expenditure of com-
paratively little time and without the use of any appliances except such as can be
readily made by anyone. For the benefit of those who have not the above paper at
hand, and in order to render the present article complete, the essential prineiples of
the method will be briefly described.

Fic. 1.—Determination of Focus.

.‘ It depends upon the determination of the intersecting point of pencils of light
coming from different parts of the objective. Suppose a diaphragm containing two

* Zeitschrift fiir Instrumentenkunde, 24, 1, 33, 97, 1904.
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'smsll openings, equidistant from the center and along a diameter, be -placed over the
objective. If the distance between the pencils of light coming from these openings
be measured at two points, one within and one without the focus, the point of inter-
section of the pencils, and consequently the focus for the particular zone in question,
can be at once obtained from similar triangles. For let d, Fig. 1, be the distance
between the pencils at the scale-reading 4, within the focus, d, the distance at the
scale-reading 4, beyond the focus. Evidently then the scale-reading for the focus
4 is 4, +(d—%—)(A,—A,). The distances d, and d, may be determined directly by
1 2,

micrometer measurements on the pencils from a star or distant artificial point-source,
or by making exposures on photographic plates in the two positions and measuring
the distances between the resulting images by a measuring microscope. The latter
method is preferable and was used exclusively, except that the photographic deter-
minations were checked by micrometer measures.

‘A zone plate 4, Fig. 2, similar to that described by Hartmann, was employed.
The apertures, except the four inner ones, were each about 25 mm in diameter, and

oooao oooao goooD 0000

V= . 0
Fic. 2.—Zone Plates.

the radii of the nine zones were respectively 28, 47, 66, 85, 104, 123, 142, 160, and 178
mm. In order to determine the astigmatism along the axis, each pair of openings is
duplicated by a second similar pair at right angles, so that the focus of each zone of
the objective is determined for two elements perpendicular to each other. In the case
of the zone of 142 mm radius the focus can be obtained for four elements 45° apart.
Thus an exposure within the focus, and a second one without the focus, give data
sufficient to determine the focus of each of nine zones of the objective in two directions
perpendicular to each other., These two directions are distinguished from one another
in the measurement by making an extra aperture in the zone plate, which, on being
reproduced in the negatives, serves to identify the origin and direction of the angle ¢.

¢To determine the zonal errors of objective and correcting-lens, the zone plate
was placed in position in front of the objective and a small photographic plate was
placed in the guides in the slit-cap of the spectroscope. The spectroscope is supported
on two parallel tubes carried by an adapter on the tye-end of the telescope, and can
be readily moved up and down through a range of about 20 cm. Experience showed
that the images were most sharply defined, and the best measurements could be obtained
when the plates were between 6 and 10 em from the focus. As the photographic focus
was to be tested, an ordinary Seed 27 plate was first tried; but it was not found
possible to make very accurate settings, as the pencils from the zone plate were spread
out into radial spectra owing to the long range of wave-length (A 5000 to the limit
passed by the object-glass, say A 8600) to which such a plate is sensitive. Several
means of overcoming this difficulty were tried. As a yellow screen in front of an
ordinary plate did not improve matters, the dispersion of the pencils must evidently be
chiefly due to the light around HB. An ordinary lantern plate, which is sensitive
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from about A 4600 down, was therefore next tried, and gave go?d images capable of
accurate measurement; while if a yellow screen were used with such a plate _the
resultant images were again elongated, showing that the prolonge(_l exposure entailed
thereby had extended the action on the plate toward the red and reintroduced t'he. fErst
difficulty. A yellow or red star was used in preference to a white or blue, as hm.m-ng
the action in the violet, shortening the effective range of sllpectrgfm, and thus giving
i with less spectral dispersion and with no apparent elongation.
lma‘g;e;‘our sets ofpzcxtra-focal plates were made which, on being measured, reduced,
and averaged, gave the focal positions of the nine zones as tabulated below (Table IT).
All four measures are in substantial agreement, which of course is closer for the outer
zones where the convergency of the pencils is greater. There the probable error of a
single determination of the focus does not exceed 0-1 mm, while near the center it
may be as great as 0-5 mm. It will be noticed that the focus for the edge of the
objective and correcting-lens is upward of 2 mm longer than the focus near the center,
and if astigmatism be taken into account also, the difference is greater than 2:5 mm.
The values are plotted graphically in the curve (4) of Fig. 3, the vertical distances
being magnified some six or seven times, the appended scale representing millimetres.
The horizontal line is drawn in the position of focus 75-34 that gives the smallest
circles of confusion, in this case 0-04 mm in diameter. The astigmatism will increase
this to some extent, so that probably the diameter will be nearly 2”. Unless the slit
is set exactly at this mean position, which is not likely, the diameter of the confusion
disks will be still further increased, so that we may consider 2” as a moderate estimate.
Tt must be remembered, however, that in speaking of circles of confusion the con-
ceptions of geometrical optics alone are being considered, and no account is taken of
diffraction phenomena, which may have some effect on the geometrically calculated
dimensions of the star disk resulting from aberrations of the magnitude here present.
However, the experiments on the width of spectra and trails showed conclusively that
the photographic image was about 2” greater in diameter than the visual image,
presumably unaffected by aberrations, and this agrees with the geometrical theory.
To determine where the aberrations arise it is necessary to accurately compare
the performance of the objective used visually with the performance of the objective

TABLE II.
ZoNaL Focr oF 15-INCH OBJEOTIVE.

Ra.dfius Os3 Emvgx?g;z)gg::}ffgmc-Lms OBJECTIVE ALONE VISUAL.
o ¢ b
Zone. Focus. Mean. {Astigmatism Focus. Mean. [Astigmatism.
28 45° 7354 B el -0-20 106:430 {0 .o -0°05
135 7394 7374 + 20 10654 10648 + 06
47 0 Ly + 08 08851 R St + 42
90 74°03 7411 - 08 10751 10793 - 42
66 45 i 1 S AN U - 30 106-67 |..... fas ST - 13
135 7414 73°84 + *30 106-93 106° 80 + 13
85 0 TG R s L + 11 10642 |........... + 26
90 73°94 74°04 - 10 105-91 106-16 - 25
104 45 TABD-A 1N e - 23 106°16 |..........n. - 08
135 7611 7488 + 23 106-31 106-23 + 08
1238 0 7568 + ‘22 T 188 5 e TR 8 + "0y
90 7626 ! 75°46 - 21 10602 106°11 - 09
142 2256 S e & e tnte + ‘24 106708 0.0 comaes + 20
676 700 S [ AL L - 37 st ST S A = 11
1125 TOOT A - 02 10582 |. c..vun .nt - 06
1575 7583 7569 + ‘14 105°83 105°88 - 05
160 45 To 8RS 100 - 15 105-91 |..... + 04
135 75 88 75°73 + 15 10583 105°87 - 04
178 0 U b L R + ‘21 LTI A - 01
90 7569 75°90 - 21 105°95 105°94 + ‘01

Mean focus...... 7534 106°01
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and correcting-lens in the photographie part of the spectrum. Zonal tests were there-
fore made of the objective alone. For this purpose the wave-length of the light used
must be limited to A 5400-) 5800, the range to which the eye is most sensitive, which
is the most luminous in the spectrum, and which coincides with the turning-point of
the color-curve of the objective. Fortunately, as the band of color-sensitiveness of
Cramer Isochromatic plates almost exactly coincides with the same region, all that
is necessary in order to obtain photographic test plates is to absorb the blue and violet
light by a suitable screen, and thus confine the action to the visual part of the spec-
trum. A deep yellow sereen with plane parallel surfaces was used in contact with the
plate. Although the pencils from the zone plate are displaced slightly on passing
through this screen, these displacements are proportional, and the only effect will be
to lengthen the focus for all the zomes by the same amount, about one-third the
thickness of the screen, without in the least altering the relative positions of the
pencils. An exposure of about a minute on Capella, through the screen, with the
plate from 60 to 100 mm from the focus, gives a negative of good intensity in which
. the images of the pencils are quite round and free from any noticeable spectral
elongation, thus allowing accurate measurement.
¢ Five sets of extra-focal exposures were made in the visual part of the spectrum,
and the mean values resulting from the measurement and reduction of these plates are
given in Table II and plotted graphically in curve F of Fig. 3. An examination of
this curve shows that no point or focus is at a greater distance than 0-2 mm from the
position of mean focus, shown by the horizontal line, except a small region near the
center of the objective, which has a longer focus. The effect of this region on the
performance of the objective must, however, be exceedingly small, owing to its small
area, less than one-tenth of the objective, and to the weak convergency of the pencils
proceeding from it. In fact if Hartmann’s eriterion T% as to the quality of an
objective be computed from the above mean values, it is found to be 0-141. According
to this classification an objective is moderately (“missig”’) good when T is greater
than 15, good when T is between 0-5 and 1-5, and exceedingly (* hervorragend”)
good when T is less than 0-5. In the ideal, absolutely zoneless objective T is O.
¢ Evidently the objective when used visually is of the very first quality, and the
aberrations appear only when it is used in conjunction with an auxiliary corrector for
spectrographic work. Whether the aberrations there present are due to the correcting-
lens, or to the objective when used in the photographic part of the spectrum, remains
to be determined. For this purpose a further application of Hartmann’s method was
necessary to find the color-curves of the objective alone, and of the system of objective
and correcting-lens for a number of zones. It was hoped that such observations would
throw light on the cause of the aberrations and suggest a possible remedy. They
would also serve as a check upon the zone-plate determinations, as, in this case, no
spectral dispersion of the pencils could affect the accuracy of setting. To find such
color-curves, the pencils of ligh{ coming from a zomne plate fall on the spectroscope
slit, and the distance between the resulting spectra taken with the slit within and
beyond the focus gives a measure, calculated in the same way as before, of the focal
position of any desired wave-length for any particular zone. :
¢TIt was decided to determine the color-curves of eight zones of 38, 57, 76, 95, 114,
133, 152, 171 mm radius; and, to prevent the spectra from merging into one another,
two zone plates were required, one (B), Fig. 2, of the four zones of 57, 95, 133, and
171 mm radius, and the other (C), Fig. 2, of the remaining four. The central open-
ings were each 20 mm square, and the outer 20 by 25 mm. The zone plates were so
placed on the objective that the row of openings was parallel to an hour circle, and
the spectroscope was turned in position angle until the slit was parallel to the open-
ings, in order that irregularities in driving would not widen the spectra. To diminish
the exposures as much as possible, bright stars, Vega and Strius, were used and the

* Zoitechrift fur Instrumentenkunde, 24, 46, 1904.
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slit was widely opened, as no inaccuracy would be thereby introduced in the distance
between the spectra. The exposures were made on a night when the temperature was
nearly stationary, and were arranged in the following order:

Plate 1; Zone Plate (B) Fig. 2; slit about 50 mm within the focus

2; ') « 50 «
3; ) L 40 beyond =3
4 ; (B) ({4 40 (3 [{3

¢ This procedure was followed to avoid as far as possible any relative displace-
ment of the focal determinations of the two sets, due to slight changes of temperature
of the objective. That no measurable displacement has occurred is shown by the
continuity of the zonal curves of Fig. 8 drawn from the combination of the two
separate determinations, and by their agreement with those made by the regular
zone-plate method.

‘Each of these plates contains eight spectra side by side, one from each light
pencil transmitted by the zone plate, and the position of the focus for each zone and
for any desired wave-length in the range on the plate can be determined in exactly
the same way as before. The hydrogen lines, in the first type stars used, serve as
datum marks for the identification of wave-lengths, and measurements were made at
eleven positions between A 3970 and A 5080. The corresponding focal points, as
calculated from these measurements, are given in Table IIT for eight zones of the

TABLE IIL
CoLouR-CURVES OF OBJECTIVRE ALONE.

.

<

g

NI WAavVE-LENGTHS.

b

4 —

2 HB ! H H3 H

= d % .

E 5030 4861 4680 4560 | 4440 4340 4250 l 4175 4102 4035 3970
38 85°57] 86:87| 89-64/ 9202 9428 96:30[ 99:78 102-48) 105°82) 10959 110°96
67| 8530 86-30| 88-95| 92:00( 94°28| 96'60( 100°25( 102-74| 105°95 108°75 111°61
76| 83-84| 8578 88:76/ 91°09 93-67| 96:39 99-50 102-34| 105°31] 10869 112-31
95 84-67) 85-42| 8841 90°82] 9356 96:34 99-37| 102'61] 105°68/ 109-11 112-12

114 84-38] 85°78| 88-68) 91-16| 93:87| 96°77| 99-58| 103-06] 106-19| 109-63| 11265

133/ 84'71) 8593 88'68 91-08| 93-91] 97-16] 100-21| 103'16| 10672 110'11| 113-08

152 85°06) 86°29| 89°18) 91°49] 94'41) 97°42| 100-53| 103-71} 106°79 110°10f 11338

171 85°41] 86-87| 89-65] 92°03] 95°02( 9804 101°20] 104'62] 10781 111'10| 11453
TABLE IV.

Corour-Curvis oF OBJECTIVE AND CORRECTING-LENS.

3
5
S | WAVE-LENGTHS.
-y
o —
5 | a8 ! H | He
g o
§ 5030 4861 4680 4550 ’ 4440 4340 4260 4175 4111(’)52 4035 3970
— - = ay s e
1 |
38 55'12) 54'75] 53-11f 51-18] B50°65 50°92] 50°92) 51-17( b51'36] 5168 51-91
57| 53:38| 53°89] 5255 5198 5123 51-04] 5500 5091} 50-95 5130 51-82
76| b4'51] b53°67| b52'564 61" 51-19| 51-14; 51°16] 51-11 51°20| 51°46 51°26
5] 5557 5437 56316 6246/ 51-95 51700 51-60; 51-74 651-96! 52°30 52-66
114| 55°45| 5482 5362 5312 52'79, 52-59| 52'65 6279 53-03] 53-24 53-31
133 55'94| 55°10| b53°83| 5383 53'06‘ 62'89| 52°93] 53'051 53-31] 53°60 53:73
152| 55°84| 55-18] 54°05 53-b4) 53°26, 53°07| 53'25; 5338 5349 53°62 5364
171 56°05] 5539 b54-38] 53°90) !53'60l 53:53| 563-56{ 63'97| b64°15] 5427 54-34




REPORT OF THE CHIEF ASTRONOMER

SESSIONAL PAPER No. 25a

120,

/70| /

&o

70

5,

]

L 04
50, [y
40 i 1 i I 1 : ! i || |
PMms D A His Hr s

Fic. 4. Colour Curves for a Median Zone.

197



198 DEPARTMENT OF THE INTERIOR

7-8 EDWARD VII., A. 1908

objective alone, and in Table IV for the same eight zones of the objective with correct-
ing-lens, the latter being about 40 mm nearer the focus than its computed position.

¢ The reason for using the correcting-lens below its computed position at once
appears on inspection of Fig. 4, which represents, in their correct relative positions,
the color-curves of a median zone of 108 mm radius, determined in exactly the same
way as above. Curve A (Fig. 4) is the color-curve of the visual objective between the
limits A 6250 and )\ 3970, which shows that the minimum focus is at about )\ 5600,
exactly in its computed position. Curve B is the color-curve of the system of objective
and correcting-lens between )\ 6250 and )\ 3970, which shows that the minimum foeus
is at about HS, instead of Hy, its computed position. When the correcting-lens is
moved down, away from the objective, some 40 mm we get curve C, and at 70 mm,
curve D. In curve C the minimum focus is nearly at Hy, and in D at )\ 4460
Evidently the lowering of the correcting-lens some 40 mm effects considerable improve-
ment in the color-correction without, as the earlier experiments showed, appreciably
enlarging the image, and the lens has been used in this position almost from the first.

¢ Although all the data in regard to the complete color-curves are given in Tables
IIT1 and IV, still the actual curves drawn from these figures show all the conditions
at a glance, and are hence worth giving. To prevent too great a confusion of lines,
the curves for four zones only (zone plate \B), Fig. 1), of 57, 95, 188, 171 mm radius,
are shown here in Fig. B, the upper curves being of objective alone, the lower of
objective and corrector. These curves show at a glance that, in the photographic part
of the spectrum, the foeus for the edge of the objective is longer, than the foous for
the center, that it has negative spherical aberration. This chromatic difference of
spherical aberration is inherent in two-part objectives of the ordinary glasses, and the
only remedy is to compensate for it by introducing the correct amount of positive
aberration by the correcting-lens. However, the lower curves show that, instead of
compensating for this chromatic difference, the correcting-lens has, on the contrary,
increased it somewhat, and the focus for marginal rays is upward of 2 mm longer
than the focus for central rays. This agrees almost exactly with the previous deter-
mination of the zonal foei of objective and corrector, and is good evidence of the
substantial accuracy of the determinations. Before leaving these curves it may be
pointed out that the crossing of the curve from the 57 mm zone over the others in
passing from short to long waves is due to the longer focus of the central zomes in
the, visual part and is further evidence in favour of the accuracy of the deter-
minations.

¢To obtain a still more striking comparison of the cause and magnitude of the
aberrations present in the system, the color-curves can be presented in another form,
that of zonal foci curves like 4 and F, Fig. 3, previously determined. We have the
color-curves, or the positions of focus, of the whole photographic-region for eight
zones of the objective in Tables IIT and IV, and these can be readily plotted in the
same way and on the same scale as A and F, Fig. 8. If such curves were plotted for
every wave-length in these tables, they would show a striking agreement in form, but
I have satisfied myself with representing the positions of the focus of eight zones for
Hy, the wave-length for which the system was computed, and for the mean of )\ 4250,
4340, 4440, and 4550, the range of spectrum used here in velocity determinations.
E, Fig. 8, is the curve for Hy of the objective alone; C is the curve for Hy of
objective and corrector. D is the curve for A 4250 to A 4550 of the objective alone;
B is the curve for A\ 4250 to A 4550 of the objective and corrector.

¢ A comparison of curves D and E with F shows in a striking manner the chromatic
differences of spherical aberration in the objective when used with photographic light.
If we leave out of account or allow for the deviations in the central zones, we see
that the focus of the outer is about 1:8 mm longer than the focus for the central
zones, a figure that agrees almost exactly with the computed difference as furnished
me by Professor Hastings. A comparison of curves 4, B, and C with D and E shows
that this difference, instead of being removed or diminished by the introduction of
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the correcting-lens has on the contrary been increased by about 0-8 mm, so that the
difference in focus between outer and central zones is now about 2-5 mm, which, as
before stated, will give a confusion disk nearly 2” in diameter. I wish to point out,
before leaving these curves, how the form of the curve is maintained throughout
from F up to A except that the axis of the curve is inclined downward by the chro-
matic differences in the photographic region, and further tfilted by the introduction
of the correcting-lens. To show this I have dotted in the approximate positions of such
axes in the curves B to A to correspond with the horizontal axis in F. It will be
noticed that the irregularities in the visual curve are continued throughout, but in an
intensified form, as is to be expected when it is considered that the objective was
computed and figured for visual work, and its use in the photographic region with an
auxiliary corrector was only a secondary consideration.

¢ I see no reason to doubt, however, if sufficient positive aberration were left in the
correcting-lens to compensate for the negative aberration introduced by the chromatic
differences, that the performance of the system could be much improved, although it
is not likely, from the magnifying of the unavoidable zonal aberrations, that it would
equal its visual quality. If the curve A4, Fig. 8, representing the present condition of
the system, could be tilted through the angle between the horizontal and dotted lines,
by such a change in the correcting-lens, the resulting confusion disk would certainly
have a diameter less than half ifs present magnitude, while the percentage of the
incident star light transmitted by the slit would be considerably increased, probably
doubled, with a proportionate diminution of the required exposure times -for stellar
spectra.

¢ Such an improvement would be well worth considerable effort, and I have been
in communication with the Brashear Company and with Professor Hastings to that
end. With their well-known willingness, I may even say anxiety, to produce the
highest quality of optical work and to make any improvements that may be suggested
to them, the Brashear Company are undertaking to make a new correcting-lens to
computations by Professor Hastings, to whom I am very much indebted for criticisms
and suggestions on the present paper. I may say that Professor Hastings finds a very
marked agreement between his computed data of the objective, color-curves, and
chromatic differences, and my observations. He explains the failure of the correcting-
lens to compensate for the chromatic differences of focus, which it was computed to
do, by the fact that this lens has to correct the errors of an objective of nearly fifty
times the area, that the small departures of the wave-surfaces from a true sphere have
grown enormously when these surfaces have contracted to one-fiftieth their original
area, and that a very perfect correction by spherical surfaces can hardly be hoped 1or.
He thinks, however, that considerable improvement can be effected, and I have no
doubt myself that he and the Brashear Company can do much better than he says
when they have quantitative values of the existing aberrations.

¢ The reason for publishing this paper in its present incomplete form, before the
new correcting-lens is ready, is to bring before stellar spectroscopists the important
matter of the size and character of the star image given by their telescopes. T have
gone fully into the details of the investigation and explained the difficulties that arose
with the means of overcoming them, in order to smooth the way for similar investi-
gations into the character of the star image given by other systems of objective and
correcting-lens. It seems to me extremely probable that, in the major part if not all
of the telescopes employed in spectrographic work, aberrations of the same or a
similar nature are present. If a correcting-lens computed to compensate for the
chromatic difference fails in one case, it is possible, even probable, that it may fail in
others. Another basis for this belief is a comparison of the relative exposure times
required for different installations taking into account size of object-glass, slit-width,
and dispersion of the spectrograph. I am well aware that such a comparison must
nesessarily be incomplete, and the results reached subject to an uncertainty, say, of
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25 per cent., owing to the difficulty of comparing different installations under different
conditions of seeing, etc. We have already seen how important a part is played by
atmospheric disturbances in enlarging the star image so that the linear diameter of
the image increases nearly in proportion with the focal length, and therefore approxi-
mately, as the ratio of aperture to focal length does not vary much in large instru-
ments, with the diameter of the object-glass. Consequently, the effective value of
increase of aperture is not proportional to the increase of area, but more nearly to
the increase of diameter, which was accordingly used in the comparison. So far as
regards the relative dispersion of different instruments, the exposure time was taken
a8 directly proportional to the linear dispersion, presuming the same height of
spectrum in each case. No account was taken of the difference in the loss due to
absorption and reflection in the prism-train, although this may be quite important
in some cases. The exposure time required was taken as inversely proportional to the
slit-width, and this, as one of the experiments detailed above shows, is probably nearly
in accordance with the facts. In the following Table V, data of the various equip-
ments which are and have been used in radial velocity work, so far as they were
available to the writer, appear, but these data are incomplete and may in some cases
be in error, although probably not to a marked degree.

TABLE V.

ComrarisoN oF EFFICIENCIES OF INSTALLATIONS.

28 | & ;a5 | 8 | &
§§ g 3 §§ & g = Actual Exposure
g i ) A 3
; 25 Aa & BeE = § A uired.
Equipment. g’% k-] o L g SE
e e T S 2 |BOphi-ly Aqui- ]
48 B3 S |38SE| 3 TS WY LAUTL, Postis.
A é pcé % @ £ ﬁ ucht. lae.
15 1 1 18°6 | 0°025 1 50m 60m 6m
40 2°67 7t 10°8- 038 0-42 75 115 15
36 24 576 12°5 026 0°62 2517 2517 4?
24 16 256 114 ‘025 1:02 | 120 120 207
25 167 2:78 14°6 1025 076 7 76 15
12 08 0-64 15'2 ‘020 1-91 75 ] 156
30 20 40 13-0 020 089 65 °? 65 15
123 | 083 069 186 .025 120 60?7 60 ? 4

‘The above comparison shows that the Lick, Bonn, and Lord equipments in
practice approach more nearly the theoretical efficiency than the Ottawa, but the
Yerkes, Lowell, Newall, and Pulkowa depart farther from it.

¢ There seems therefore reasonable ground for believing that considerable improve-
ment in the efficiency, and considerablé increase in the range of the majority of
spectrographie equipments can be attained by looking into the character of the star
image given by the condensing system. Although the exact effect of atmospheric
-disturbances on the effective diameter of the star image is difficult of determination,
T feel satisfied, if I can obtain a correcting-lens that will give a star image reasonably
free from aberration, that the exposure times required here can be very materially
reduced, T hope by 50 per cent., and I see no reason why a similar or even greater
improvement could not be effected in some of the other equipments.

‘I acknowledge with pleasure my indebtedness to Dr. W. F. King, the Director
of the Observatory, for help and encouragement in the prosecution of the work, and
to Mr. W. E. Harper for making duplicate measures for comparison purposes on some
-of the test plates.

‘ DoMINION OBSERVATORY, OTTAWA.
¢ January, 1907
25a—14
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AFPPENDIX B.

(Reprinted from the Journal of the Royal Astronomical Society of Canada, Vol. 1,
No. 1.)

‘THE SPECTRUM OF MIRA CETL

‘BY J. S. PLASKETT.

‘ The spectrum of o Cefi has been photographed at the Dominion Observatory
18 times on 11 nights during the months of December, 1906, and January, 1907, The
number of observing nights during these two months has been very limited, the
weather having been unusually cloudy, and no more spectra of this interesting variable
could be obtained. :

‘ The spectrograph at present in use is an adapted Brashear Universal Spectro-
scope, having collimator and camera lenses of 1% inches aperture and 15 inches focus,
and a train of three denmse flint prisms, index for Hy about 1-64, giving a linear
dispemsion at Hy of 18-6 tenth-meters per millimeter, with a resolving power -of
40,000. A spectrum about 55 mms. long is obtained, of which, however, owing to
curvature of field of the triplet camera lens, only about 15 mms. in the centre is in
the best focus. The balance of the spectrum becomes more and more diffuse towards
the ends of its range, which extends between X 3950 and X\ 5100. The extreme limits
measured for radial velocities lie between )\ 4200 and ) 4584, but it is possible to
obtain fairly accurate values of the wave lengths, within one tenth of a tenth-metre,
between HB and H3.

¢ The spectrum of Mira, observed at this maximum, differs in some essential
particulars from previously recorded observations.

¢ The star has been much brighter than for several previous maxima and it is
natural enough, if we consider its variability to be due to changes in its internal
condition, to expect a change in its spectrum. These changes appear both in the
absorption and the emission spectrum, and will be treated in greater detail later on.

¢ Probably the most striking change is in the character of Hg, which had been
previously recorded as either dark, or as only faintly bright. Sidgreaves (M.N.
LVII, p. 344) did not consider he had certainly seen H@ bright. Miss. Maury
(H.C.O. Annals XXVIIL, p. 45) saw it bright on some Harvard plates. Campbell
(Astrophysical Journal IX,, p. 81) could not see it visually, while Stebbins, (Ibid
XVIII., p. 341) in his exhaustive paper, was successful in recording both it.and He
on some plates, but with much less relative intensity than at this maximum. In
every spectrum made here, even those with only two minutes exposure, HB is distinctly
and certainly bright, and there is not the slightest doubt of its emissive character.
No trace whatever has been seen of He on any of our plates and it is apparently not
present. It also had never beem seen bright until Stebbins recorded it.

¢ A number of comparative exposures from one minute to twenty minutes were
made to determine, among other things, the relative intensity of the emission and
absorption spectra. As an estimate from these plates,—no attempt was .made to
accurately determine intensities,—I would say that the bright Hg8 had an intensity
about 15 times that of the continuous spectrum in that region, Hy about 25 times and
H§ at least 50 times. These estimates apply to the plates of January 23 and 26, when
the star was considerably past maximum. In December no comparative tests were
made, but the ratio would not be very much different, so far as can be judged, from

the over-exposed emission lines.
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¢ Before discussing the character of the spectrum it will be preferable to give
the record of observations and the measures of the wave-lengths of the lines and bands
obtained from the most suitably exposed spectrum, No. 486. Although 486, 515 and
521 are the best of the plates, the first eight are all measurable, and of these 486 and
515 have been reduced for the wave lengths of the absorption lines and bands, and for
the determination of the radial velocity. All the plates, with the exception of 575 to
578, in which the camera was accidentally not in good focus, have been measured for
the velocities due to the Hy emission, and they show, as will be seen, fair agreement
with one another and with Professor Campbell’s previously determined values. "The
velocities obtained from the absorption part of the spectrum in the two plates
measured agreed so closely with one another, and at the same time were nearly the
same as Professor Campbell’s and Mr. Stebbing’ values, that it was not thought
necessary to measure more plates.

RECORD OF OBSERVATIONS.

B wo
Plate No.| Date. |G.M.T.| Exp. |Prism temp| Seeing. | Observer. Remarks.
452 [Dec. 1114 29| 18 m. - 85| Good H Absorption spectrum underexposed.
486 w 18/ 14 32| 19 m. - 16 " H spectrum.,
493 w 19/ 14 50| 20 m. ~ 74| Fair P Underexposed.
515 w 27[15 55| 30 m. + 21 Poor P Fair spectrum.
521 |[Jan. 9|13 45| 30 m.| - 12°8( Fair P Good spectrum.
534 w 15/ 14 35| 40 m. — 12°8 | Poor H Underexposed.
555 " 18{ 14 30 60 m. - 80 Poor P n
563 w 21113 65 20 m. - 12'3 | Good P "
569 w 22/15 16 | 05 m. ~ 89, Fair H For emission lines only.
575 w 23713 43| 20 m. - 18'8 " B For emission lines.
576 w 231 14 07 10 m. — 188 " 4] 0 1
57 " 231 14 17 05 m. - 188 ] P b "
578 " 231 14 23 02 m. - 18'8 " ¥ " "
579 w 26012 15 20 m. - 100 | Good P " "
580 w 26012 32| 10 m. - 1070 " ok " "
581 n 26| 12 41 05 m. — 99 " ] ¢ " n
582 " 26| 12 46 01 m. - 98 1" P " "
683 " 26| 12 50 02 m. - 98 " P n "

¢TIn the above measures, the wave lengths of the star lines are determined in the
usual way, from the linear positions of the star and comparison lines on the plate, by
Hartmann’s interpolation formula. The displacement of the lines in tenth-metres due
to the motion of the star is known, when the velocity is known from the formula

P -
by 299,860

¢ The velocity is obtained from the mean of the velocities due to 25 lines near the
middle of the plate, which had been identified as far as possible with known terrestrial
or solar wave lengths. This velocity, on being transferred back into displacement by
the above formula, gives the correction to be applied to the measured wave-lengths of
the absorption lines, emission lines, and bands at the ends of the plate, to reduce them
to normal wave lengths.

250—143
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o CETI, No. 486.
1906. Dec, 18. Observed by W. E. Harprr.
G. M. T., 14k 32 Measured by J. 8. PLASKETT.
Measferggﬂ?V RS Norﬂaggtvzave Displacement. Velocity. Remarks.
4955° 520 404 Red Edge of Bright Band
4862°877 1627 1350 [+82:75) H 8 Emission
4848°948 765 R. Edge of Band
4805639 524 Line near edge of band
4805 866 446 R. Edge of Band
4763309 1:91 Mn line near edge of band
4762° 766 1-36 R. Edge of Ban
4657795 6 39 Ti Cr
4627 - 889 649 Cr Mn Line at R. Edge of Band
4608 688 7°28 Sr 7'51 Line at V. Edge of
: Band
4595652 4-27 V43
4585°917 4°53 Fe Line at R. Edge of Band
4581841 046 V Cr 0°59, 0°23
4578749 7356 1:393 +91'10 4
4537372 5966 1-407 9300 Ti Cr
4528 920 7°490 1-430 94°66 Ti
1524335 ‘2°974 1-361 90°23 Ti
4519°698 8-198 1-500 9945 Ti
4472°804 . Ti
4463437 { FeMnV
4454°7 35605 1-200 80°76 Ti Mn
4436630 5439 1-191 80°49 Ca Ca
4428730 7 420 1-310 8868 Ti Fe
4406211 4-951 1260 85°80 Fe
4402- 0°738 1-327 9037 \4
4396°746 5286 1-460 99-42 TiV
4386213 4-873 1-340 9165 v
4385°076 3:720 1-356 9288 Fe
4380°616 9°396 1-220 +33°57 v
4369° 560 826 Ti Fe
4354312 3038 1°274 87°78 Fe V
4345°977 4°597 1-380 95°22 Ti Cr
4341°734 0°634 1°100 [75°90] H-y Emission Line
4334204 2-988 1°216 84-02 \4
4331° 403 0189 1-220 84:30 A4
4316°224 5:018 ; Ti Fe
4307 ‘438 6078 1-360 9465 Ti
4297°334 5914 1-420 96°84 Ti Cr
4292°800 1-50 Ti Fe
4776° 252 4:922 1-330 93-10 Cr Ti
4259747 8-477 1-270 8928 Fe
4248° 296 6°996 1-300 9178 N
4234'618 336 Fe Emission
4231°277 0°00 Fe 9-93
4230° 768 951 Fe Emission ?
4223°131 6°904 1-227 86°99 Ca
4208-190 6 862 1-328 94-68 Fe
4180°090 8:84 'V Ce Emission ?
4180°937 9°68 V 9°54
4179069 7:82 Fe 7'70
4175°473 422 Fe 4°09
4174°826 3-58 Ti Fe Emission ?
4167096 584 Ce Cr Fe Emission
4139°778 853 V Ce Mo Emission
4135897 4°49 Fe V 449, 4'59
41260°867 956 Fe V Ce Mo Emission ?
4104 185 2-95 Mn Emission ?
4103030 2000 1'030 [+75'29] H& Emission
Mean of Absorption Lines +90'43
e =+52 Ve ~24:20
€ =%1'0 Va - 009
Curvature correction - 0°50
Radial velocity = +656°6
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o CETI, No. 516.

1906, Dec. 27. Observed by J. 8. PLABKETT.
G.M.T., 15" 55m, Measured by W. E. HARPER.
Measured Normal . -
Wave Length. Wave Length. Displacement. \ Velocity. Remarks.
4572-705 1-276 1-430 +93°66 (Mg
4560222 8-938 1-284 85°27 |Ti
4546°234 4845 1+389 9170 [CrTi
4541976 0°776 1-200 79:32. A\Cr
4537 - 385 5965 1-420 9400 |TiCr
4528780 7490 1-290 8540 |Ti
4521360 2:974 1-386 9196 |Ti
44979756 6°57 Ti Mn Cr
4490902 960 Cr
4463517 2:21 Fe Mn
4461557 0°20 V Mn
4459°016 7-656 1-360 91:39 [TiV Mn
4454885 3505 1-380 92'87 |Ti Mn
4439°396 8006 1 390 93:82 |V
4428°780 7°420 1:360 92:07 |Ti Fe
4427351 6201 1-350 91-39
4406°331 4-951 1-380 9382 |Fe
4402 076 0°738 " 1-338 9118 |V
4396696 5°286 1-410 95-88 TV
4380806 9-396 1-410 96-58 |V
4369560 8071 1-489 10206 |Fe
4354348 3-038 1°319 90°00 |FeV
4353°316 2°006 1-310 90°00 (Cr Mg
4341-784 0°634 1:150 [79-35] |Hy Emission
4334-308 2-988 1-320 91-10 |V
4320°247 8817 1-430 99:24 |Ca Mn
4307 558 6078 1-480 10300 |Ti
4302203 0915 1-258 87-68 |Ti
4297 244 5°914 1-330 92:83 |CrTi
4290617 9-237 1-380 +96-32 |Ti
Mean of Absorption Lines 4 92°48
€ =+4'7 Va —26-45
gy =F0I9 Va - 022
Curvature correction - 0°50
Radial velocity= +65°3

‘In the tables above, of plates 486 and 515, the first column contains the wave
lengths computed from the linear measures by Hartmann’s formula. The second
eolumn contains the normal wave-lengths determined, in the cases where there are no
entries in the two succeeding colunins, by the process outlined above, and in the other
cases where the lines have been identified, by taking the corresponding wave-lengths
from Rowland’s table.

¢ These identifications have been made as consistently as possible, using only
those elements which it was considered probable from the similarity of o Cefi to
third type stars, would be present in the star. The third column contains the displace-
ment of the line in tenth-metres from its normal position due to motion, and is
obtained by subtraction of the second column from the first. The fourth column con-
tains the velocity corresponding to this displacement, obtained by multiplying by
999,860/

‘Tet us consider in the first place the radial velocity of o Cefi as determined
from the displacements of the absorption and emission lines. The mean velocity from
the absorption lines in No. 486 is + 90-43 kms. per second, which, on applying the
correction for the orbital and diurnal movement of the earth, and for the curvature-
of the spectral lines, reduces to 65-61 kms. per sec., recession, compared with the sun.
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For plate 515 the velocity is + 65-83 kms., in good agreement with the first. Professor
Campbell,* from his determinations in 1897 and 1898, obtained a mean velocity of
+ 62-3 kms., and Stebbins in 1902, of 66 kms. This shows that the motion of the
star 18 constant, as the variation between the Lick and Ottawa determinations can
readily be accounted for by the uncertainty in the identification of the lines, and in
the intensity to be assigned to them in the blends, in a star so different from the sun
in its absorption. Campbell’s value of the velocity is probably more nearly the true
one on account of the greater dispersion and resolving power of the Mills spectrograph,
which admits of the resolution of lines much closer together than is possible with the
Ottawa instrument.

‘The errors in identification and blending are plainly shown by the very high
mean error ¢ = == 5-2 of the determination from a single line. In the case of stars
like 8 Geminorum and o Bogtis, where their similarity to the Sun allows of satis-
factory identifications and blends, the mean error is only one-third of the above,
while the mean error of setting on the lines of o Ceft which are of good quality for
measurement, is not materially greater than with solar stars. It is evident, therefore,
from the satisfactory agreement of the velocities obtained at two epochs nine years
apart, that the star’s velocity, so far as it is determined from displacements of the
absorption lines, is constant, and, as Professor Campbell has already said, its varia-
bility is probably not dependent upon or connected with any orbital motion.

A comparison of the displacements of the bright hydrogen lines on the two plates
already measured, and their corresponding velocities, with the mean velocity from the
absorption lines, shows that the former is about 15 kms. smaller, that, if the displace-
ment could be explained by velocity changes only, the emissive layer is lagging behind
the absorptive layer at the rate of 15 kms. per sec. It is of course more likely that the
difference is due to some unknown condition in the atmosphere of the star which may
displace the spectral lines. To obtain all the information possible in regard to the
character and displacement of the hydrogen emission lines, a number of plates were
made with varying exposure, from 1 minute to 20 minutes, and these were carefully
compared with one another and with the previously exposed more intense plates to
determine the form of the emission lines. No trace could be found of Campbell’s
triple formation in any of the plates, although the earlier ones, when the star was near
maximum, were not suitably exposed to exhibit such an effect. The lines were,
however, in the majority of the plates, unsymmetrieally broadened with respect to the
actual centre of intensity determined from the tips of the emission lines. These tips
were nearer to the violet side of the bands, showing that the radiation was not sym-
metrical, and this asymmetry became more evident, the more intense became the line.
This is indicated in two ways in the table of the velocities due to the bright hydrogen
lines, first by the actual measure of the positions of the red edge of the tips, and of the
violet edge of the bright Hy lines, and second, by the smaller velocities given by the
short exposure, less intense plates, as compared with the plates exposed for the
absorption spectrum, in which the emission lines were much over-exposed.

* Astrophysical Journal, IX., p. 31.
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RADIAL VELOCITIES, o CETI.

From Hy Emission line.—Reduced to the Sun.

et
St
5 Red Edge of|Tips_of H-
5 off1ips o Y
38 | Bx posure | (pgerver, | Hy to Tips | to Violet | Rad. Vel Remarks.
Ep‘ mﬂ' 7Revs. v Edge Revs.
Z
452 I 18 min. H 086 ‘073 +48°6
486 19 « H 099 083 541
493 20 P 088 ‘076 46°7
5156 30 . P -083 -056 52°2
521 | 30 . P 091 078 488
634 | 40 H 076 070 51°1 :
565 | 60 . i *102 ‘046 379 |Abnormal? (Poor night and
563 | 20 P 067 068 430 change of temp.)
569 | 06 i rme e R 1 g ] 440
579 | 20 « P 057 055 454
580 10 i 057 038 468
581 05 o B ‘046 047 41°3
582 | 02 " § TR e SN w6 ] 8 S R 457
583 | 01 Fiab o Tt T al 40°1

Mean of 14 plates = + 46°1
Mean of plates exposed for absorption spectram = 4 480
" " emission spectrum only = + 44°2

¢ These measures show a fair agreement among themselves, but this accordance is
considerably increased when they are divided into two sets—of the strongly and
moderately exposed plates,—and when plate No. 555 is omitted. It is abnormal in
the marked asymmetry of the bright line, as shown by the measure in columns 4 and
5, and its low velocity may be due to the long exposure on a poor night, where an
instrumental displacement might have occurred through change of temperature.

¢The mean of the first six, exposed for the absorption spectrum, is 49-9, and the
mean of the last seven, exposed for the emission spectrum, is 44-2., This difference
may be due to two causes, either an actual change in the position of the centre of
intensity of the bright Hy, or an apparent change dus to an unsymmetrical broadening
of the line on the plate, caused by the over exposure of a bright line whose curve of
intensity is not similar on each side of the centre. In the case of the first six plates,
in which the emission lines are over exposed, the velocity obtained is greater, indicating
that the setting of the microscope wire had been further to the red than in the case
of the last seven. Mr. Harper, to whom I am indebted for the measurement of these
plates, tells me that in each case he set the wire as nearly as possible on the centre of
the broad black line and no attention was paid to the tips. This would indicate that
the emission line was slightly asymmetric towards the red, thus shifting the setting
towards the red with increased exposure, and the displacement is not likely due to an
actual change in the position of Hy itself.

¢ There is a remarkable agreement between the mean velocity 44-2 kms. obtained
from the last 7 plates, and the mean velocity 44-4 kms. found by Prof. Campbell from
6 plates made by him in November 1898, when, as he says, the lines appeared nearly
monochromatic, with a faint broadening or companion to the red side, practically of
the same character as observed here. This would tend to show that the conditions in
the star under which the bright Hy lines are produced, tend to repeat themselves at
different maxima, so far, at any rate, as the displacement is concerned, although the
relative intensity of the different members of the H series is widely different.

¢ No trace can be found, however, in these spectra of the bright Fe lines at 4308-081
and 4876-107, recorded by Profs. Campbell and Stebbins, but there are no fewer than
8 lines between H§ and )\ 4235 which have every appearance of emission lines. They
stand out as isolated narrow bright lines in a fairly uniform strip of absorption
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spectrum, with an intensity at least twice as great as the back ground of spectrnm in
which they lie, and are even shown prominently in the widened reproduction of plate
486. Tt seems hardly possible that they can be narrow strips of continuous spectrum
left unabsorbed, as their width is generally less than half a tenth-metre. It may be
said on the contrary, however, that they have not been identified with any one element,
and that the nearest identifications, are of elements which have the most pronounced
lines in the absorption spectrum. There is an exception to this statement in the case
%feéour of the lines which fall reasonably close to four lines in the spectrum of

um.

¢ The wave-lengths, and the nearest metallic lines are as follows:—

BRIGHT LINES IN THE SPECTRUM OF o CETL

NORBRNAL W.-L, NEAHEST METALLIC LINES.

* 4233°36 423376 Fe, 423333 Mn Fe
4229-51 4229-61 Fe, 122987V
417884 417854 V, 417915 Ce
417358 4173-71 Ti, 4174°00 Fe, 417339 Fe

*4165°84 416578 Ce, 4165°71 Cr, 416560 Fo

* 413853 4138-27 V, 413851 Ce 4138-70 Mo
411956 411962 V, 4119-99 Ce, 411977 Mo 4119°55 Fe
4102° 9% 4103°14 Mn,

¢ The three lines marked with a star (*), are those which appear the most sharply
defined and separated from the absorption spectrnm, and which seem to be almost
certainly emissive in character.

‘ The normal wave-lengths were obtained from the measured wave-lengths by
subtracting the displacement equivalent to the veloecity of the absorption lines. If the
mesan value of the velocity due to the bright H lines were applied to the normal wave
lengths above given, they would be increased by 0-25 tenth-metres. Owing to the
distance from the centre of the spectrum and the comsequent poor focus, the wave-
lengths above given may be uncertain to the extent of one tenth of a tenth-metre,
possibly more, although the identifications of the absorption lines measured in that
region agree to the same limit with the values in Rowland’s table. It seems, therefore,
impossible to certainly identify any of these lines with the metallic emission lines,
though their appearance and their isolated positions in the general absorption in that
regioin scarcely admit of any other interpretation of their character than the emissive
one. A further evidence in this regard is their appearance in some of the other early
spectra, in which the exposure was insufficient to show any but the faintest trace of
absorption spectrum in the given region. Stebbins, in his paper found only one of the
above lines as bright, A 4233-36, but did not attempt any identification. He also finds
) 4178-84 as apparently bright, but considers it to be only a bright place between two
absorption lines. He gives no record of the other lines registered as bright here, and
evidently they were not visible in his spectra. Professor Campbell, in his observations
says there is good reason to believe in a bright line at ) 4102-8, evidently the same as
the one observed here at A\ 4102-95. He also mentions one or two more as probably
present on the violet side of H$, but no such lines can be seen in our spectra.

‘The absorption spectrum of o Ceti is of the banded type, Secchi’s third, Miss
Maury’s XX., and has scarcely any recognizable similarity to the solar type. It is
considerably different from a Orionis and even further advanced than Herculis. Its
character is well shown by the identifications in the tables of measures of plates 486
and 515. The only absorbing elements present in the strong and best defined lines,
those which were measured, are Ti, V, Fe, Mn, Cr, Ca also is present, and a stray
Mg line appears in No. 515, which is undoubtedly the same line seen as distinctly
bright by Stebbins. The first specified are those which are most strongly affected in
the spectra of sun spots, and which, as Professor Hale and Mr. Adams have shown,*

e

¢ Contributions of the Solar Observatory, Nos. 8 and 18
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are much intensified in the spectrum of Arcturus and still more so in o Orionis as
compared with their intensity in the sun. Apparently, they are even more prominent
in o Ceti than in « Orionis, as our measures have disclosed no other elements as
certainly present in its spectrum. Stebbins doubts the presence of T', but the number
of positive identifications in Nos. 486 and 515, and its analogy with the other sun spot
elements, seem to offer conclusive evidence in its favour.

¢ As the spectrum does not extend much below A 5000, only the bands in the blue-
green are shown, but they are distinctly marked, sharply limited towards the red if
considered as bright bands. They are brighter than the neighbouring bands, and fade
off gradually towards the violet. There is one exception to this last statement however,
the band beginning at A 4626-0, which is of quite uniform intensity and sharply limited
toward the violet at A 4607-3. As the measures of plate 486 show, when the band was
very distinctly and sharply limited, its edge was measured, and generally also the
centre of intensity of the absorption line to the red side of the edge, but where not
very sharply limited the absorption line at the red edge was measured. Taking these
measures and estimating the distance of the edges from the measured positions, we get
the following approximate wave-lengths:—

4954-0 Red Edge of Band

4847_ 5 114 ({4

4804 . 5 3 144

4761-4 1) &«

4626-2 L} g5

4607-6 Violet Edge of above band
4584-2 Red Edge of Band

¢ These measures are only given to the nearest tenth of a tenth-metre, as, owing
to the poor focus in this region, they are not trustworthy beyond that limit.

¢ The spectrum of o Cett is very interesting, and will well repay a more extended
study than has yet been given to it. Sufficient has been learned about it, however, to
say that it is not necessarily identical at successive maxima, and this is very well
shown by the behaviour of the HB and He lines. It may be considered as well
established now that it has a constant velocity of recession with respect to the sun of
about 64 kms. per second and that the velocity determined from the bright hydrogen
lines is some 15 kms. per second less. This difference of velocity is probably not real,
the corresponding shift of the bright lines being produced by some other cause such as
abnormal conditions of pressure, temperature, or electrical state in the atmosphere of
the star.

‘The difference in the spectrum of o Celi as observed here and at previous
maxima may be summarized as follows.

¢1. Absorption Spectrum.

¢ Titanium, whose presence has been considered doubtful by Stebbins, is now very
prominent as at least one fourth of the identifications of the prominent absorption
lines measured in the two spectra appear to be due to this element.

¢ The magnesium line at )\ 4571, which was undoubtedly bright in 1902, is now,
quite as undoubtedly represented by an absorption line, which was measured in plate
515, and gives a velocity displacement in close agreement with the mean.

¢ The bands seem to end towards the violet at A 4584, as in none of the negatives
obtained here could any banded appearance be recognized below that limit. This is
also clearly shown in the reproduction. The position of the bands in the blue green,
however, agrees with Stebbins’ values.

‘2. Emission Spectra.

¢ HB which at previous maxima had either been invisible or faint, is now of a
decidedly emissive character, apparently over half as intense as Hy.

¢ He recorded by Stebbins as bright in 1902, but previously 1nv1s1ble, cannot be seen
in any plate made here.
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‘ There is no trace of the triple character of Hy and H$ observed by Campbell,
but no plates were made bere at as early a date in the period as those obtained by him.
HB, Hy, H$ are slightly asymmetric, more intense to the red side of the true emission
line, similar to the later plates obtained by Campbell.

¢ No evidence, whatever, can be seen of the bright iron )\ 4308 and )\ 4376, observed
by Campbell and Stebbins. The magnesium ) 4571 observed as distinetly bright by
Stebbins is now represented by an absorption line. The bright lines ) 4202, A 4216 and
A 4373, observed bright by Stebbins are not now present. _

¢Eight other bright lines are present in some of the negatives obtained here at
A 42334, ) 4929-5, ) 4178-8, X 4173-6, A 4165-8, \ 4138-5, X 4119-6 and ) 4102-9. Of
these the first and last have been seen bright by Stebbins and Campbell, respectively,
and the third Stebbins considers as a bright space between absorption lines. There is
no doubt in my mind that the first, fifth and sixth are emissive, but of the others I do
not feel so certain.

‘I acknowledge with thanks my indebtedness to Dr. W. F. King, the Director of
the Observatory, for his interest and encouragement in the work, and to my assistant,
Mr. W. E. Harper, who has very efficiently performed the greater part of the measure-
ment and reduction, as well as assisting in the observing.’
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APPENDIX C.

(Reprinted from the Journal of the Royal Astronomical Society of Canada, Vol 1,
No. 3).

‘THE SPECTROSCOPIC BINARY « DRACONIS.
‘W. E. HARPER.

¢The star ¢ Draconis R. A.=14" 1.7m §=1+64° 51, Visual Mag. 3:6, Phot.
Mag. 4-0 has been under observation here intermittently since July, 1906. Up to
Feb. 12 of this year 37 spectrograms in all had been secured. The radial velocities
obtained from the measurement of these were used to obtain provisional values for the
clements of the star’s orbit. These provisional elements were announced in a previous
number of this JOURNAL.

‘TIn drawing the original curve more or less difficulty was experienced from the
fact that there were certain intervals for which, owing to unfavourable weather, there
had not been any corresponding observation. This was particularly the case at the
maxima and minima. Furthermore since the measurements for velocity on the spectro-
grams already obtained were for the most part dependent on three lines; a faint Fe
A 4549, a sharp Mg. )\ 4481 and a broad diffuse Hy M\ 4340, the resulting velocity was
liable to be in error to the extent of say 5 kms. per sec. Three of the plates gave
residuals from the computed velocity curve of upwards of 10 kms. but owing to the
few lines in the spectrum this large discrepancy may probably be aseribed to accidental
distortions of the photographic film, or it may be that the character of the spectrum
of the star may have had something to do with the large residuals, as at times an
apparent doubling of some of the lines was noticed. At any rate when the new
spectrograph was put into regular use about the middle of May the time seemed
opportune for securing more spectrograms of this star. This spectrograph with the
single-prism attachment gives a flat field from about )\ 3600 through the whole range
of the visible spectrum. Although its linear dispersion is much less than that of the
old spectrograph, the number of additional lines that can be measured e.g. Hg A 4861,
Hs )\ 4102 and H, )\ 3970 renders the resulting velocity much less liable to error than
would be the case with the former spectrograph. Nine more spectrograms have thus
been secured, most of which fall in the gaps already alluded to.

¢ With the exception of the more recent negatives, for which a newer and shorter
method has been evolved, the spectrograms have all been reduced by means of the
Hartmann interpolation formula

e

ek 8,—8
where ) is the apparent wave-length of the line measured, s is the micrometer reading,
and ), ¢, 8, are constants determined from known standard comparison lines with their
corresponding micrometer readings. The difference between the measured wave-
length of the stellar line and its normal wave-length gives us the displacement d)\ due
to the approach or recession of the star. This displacement is easily converted into
velocity by means of the simple formula '

29

e 9),"860 i
where ¥, is the required radial velocity. To this velocity is then added a correction
V. due to the orbital motion of the earth and another V, due to its axial rotation.

211
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No allowance is made for the motion of the solar system through space; the resulting
velocities are therefore relative to the sun.

‘For the sake of brevity the Journal of Observations is omitted. The exposure
time required in fair seeing was about 30™ with the single-prism, and about 55™ with
the three-prism instrument, the slit-width being wusually -025 mm. Several plates
were made on each of the nights November 1, November 6 and November 8. I
suspected that the star might have a very short period, but the measures
showed no rapid change of motion such as might be looked for in a short
period binary and accordingly the mean of these measurements for each night was used.
In the summary of velocities which follows the phase is given with each velocity. This
is the time-interval after some initial epoch selected arbitrarily. I have taken the
initial epoch when the computed velocity is zero and becoming positive, s.e., T, = 1906,
July 2, G.M.T., 0b.

SUMMARY OF VELOCITIES.

Date. Phase. Velocity. Date. Phase. Velocity.
1906
July 267 067 + 3 Dec. 17°75 14°61 i
" 476 2°75 +16 " 18°75 15°61 -17
1907
Aug. 15°69 44°59 -32 Jan. 9:67 37°53 —-43
" 24 59 2:20 + 6 " 11-76 39°61 -36
] 2167 4953 -6
Sep. 10'59 19°20 -30 " 30°71 719 +4
" 19-59 2820 -42
" 2754 36 16 —42 Feb. 675 1423 ESHE
" 12°62 20°10 -36
Oct. 35 42 12 -39
w186 574 +32 May 22°64 16°57 -18
" 3168 25°41 -38
Nov 16 19°76 ~40
" 66 2477 —44 June 8'78 3350 —45
" 86 2676 —45 " 10°7 3542 -31
n 16-67 34:91 -50 " 116 3632 -42
" 19°64 37'78 ~-54 " 20°64 4536 -20
" 2169 46-41 -21
Dec. 7:71 457 +31
" 11°8 8:65 +31 July 4°63 7:96 +56
" 13°54 10°40 +34 " 562 8°96 +45

¢ These values when plotted give us a period of about 51 days. To determine the
period with greater accuracy it is necessary to take a series of observations extending
over a long time and to divide the interval by the number of periods. For this purpose,
of course, the longer the star is under observation the more accurately can the period
be determined. Our observations extend over only seven periods, whereas observations
made at other observatories taken in conjunction with our own give a range of over
forty periods. The following are the only other observations made on this star, which
are known to the writer.
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PREVIOUS OBSERVATIONS.

Date. Phase. Velocity. |Observatory
1901,
0 T Rt s P | 25 6 o e 2 DRy  Spese B 11-46 +20 |Yerkes.
1902.
June AR 0RO 00, i T e S o b TS b b 13-82 + 1 |Lick.
April 22-54 —-43
May 27 54 —42 | .
" 46-54 -17 'Potsdau.
" 4764 -14 "
June D T IO B | o 3 D AP Tk ey oA ] gl 2850 —42 Lick.
1905.
June 13° P R el RS e L BieY = o h S Sanelene '’y S S0 27°84 —~42 "
19066.
Januar, oo T o ot e e N L S B A ) 27 22 —40 !
- an A VA M o G TINR S ramar el Hle 2847 -42 [Yerkes.
" e R e T b o e I S L S S N T 31:43 - b5 "
" RGN WIS s s ST AAST NS T & L 0 A8 s ok, 49-41 -9 "
" A W) A O RS S SR e O L S TR A ) 095 + 1 "
DT T e A A i g e B e R LT MRS B S 12-07 +24 "

¢ Reducing all the observations within the same period, we find
P =514-88
which is likely not much in error.

‘Tt now remains to determine the remaining elements of the orbit from the curve
shown. There are two methods; the geometrical, in which the elements are obtained
from a consideration of the curve itself, its maximum and minimum points especially,
and the areas enclosed by certain portions; the analytical, in which we have recourse
to a Fourier series. The former method is that of Lehmann-Filhés; the latter is due
to Russell. For orbits of small eccentricity the latter is the preferable I fancy, but
in other cases the geometrical is more suitable. I have used the analytical method,
and T shall briefly summarize it; Mr. J. S. Plaskett has computed the elements by the
other method, and a comparison of the two will prove interesting.

‘ The velocity being a known periodic function of the time can be expressed in
the form of a series of sines and cosines. Thus we may write

v=cyotc, cos. u (£-1,) + ¢, co8. 2 p (—-12,) + +
+8, 8in. g ($-2,) + 8, 8in. 2 p (E-£,) + +
where ¢,, ¢, ..... 8 8, ..... are constants determined from the curve, ¢ the time at
which the velocity is v, and {, the initial epoch., With a slight transformation this
series can be put in the form ]
v=8,+a, cos. [u (t~%,)) +aJ+a,co8 [2p (E-F)+a]+..... = (1)
in which the a’s and o’s are determinable from the ¢’s.
‘To get an analytical expression for the velocity let our fixed plane of reference
be the one perpendicular to the line of sight, let
a =semi-major axis of the orbit
e =eccentricity
1 =inclination of plane of orbit to our plane of reference
o =longitude of periastron measured from the descending node
T =time of periastron passage
0 =true anomaly
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M,=mean anomaly at time £,
r =radius vector
¥V, = velocity of system of the whole.
We can then get the following expression for the velocity
v =V,+pasin.id, cos. [p (t-1,) + B+ M,] + paesin. ib, cos.
[2p (-t)+B,+2M]++..... (2)
¢ The series (1) and (2) considered as functions of the time are of the same form.
If they are to represent the same quantity their corresponding coefficients must be
equal. Considering terms of ¢ no higher than the first we immediately get preliminiary
values of ¥V, ¢, w, a sin. 4 and M, from which by a series of approximations newer
and more accurate values can be obtained.
‘From the first curve arbitrarily drawn were obtained the elements

e =0-40
o =197° 16-8
V,=-16-9 kms.

T =1906 July 10-69
‘¢ These elements in turn were used to compute an ephemeris by using the two
following equations:—

t=—2P— . [2 tan.‘l\ll—e tan. L—M ]

) ar 1+e 2 1+e cos. 6
A+B A~B
v=—5— cos. (0+w)+ 3

where ¢ is the time required to describe an angle § from periastron, v the correspond-
ing velocity, A and B being velocities as designated in the Lehmann-Filhés method.
By using values of 4 differing by 10° thirty-six points were obtained through which
the computed velocity curve was drawn. An examination showed that the original
observed velocity curve could be brought into better agreement with the computed
curve and still be in as good, if not better, accord with the observations. This was
done and a new set of elements computed from this curve. These elements, differing
slightly from the previous ones, were in turn used to obtain a second computed velocity
curve. The agreement between these latter curves was much better than formerly
but was still unsatisfactory. An increase in » and 7' would improve matters and

when this was done the agreement, though still imperfect, was fairly satisfactory.
‘ The residuals of all our observations from this second computed velocity curve

2
were now taken and the probable error of a single observation[r:—*__- 6745 \,': 1;]

was computed. Our own observations gave == 3-4 kms. but if the three discordant
observations mentioned previously were omitted this was reduced to 2:6 kms. For
the previous observations recorded r===3-6 kms. but if we omit a discordant one of
Frost’s this would be lessened to 2-9 kms. For a star of this type this may be con-
sidered quite satisfactory.

¢ Following out the geometrical method Mr. Plaskett used his provisional elements
to correct his original curve, from which corrected curve he determined his second
and final set of elements. The agreement between his observed and computed velocity
curves on this second approximation was sufficient without any further changes and
I believe that for an orbit of eccentricity as great as this one under consideration the
geometrical method is much preferable. The table of elements as determined by each
follows :—
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+60 Km
+50 ,,
+40 Pt
+30

P

+10

|
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L] 10 15 20 25 3o 35 40 45 50 55 60

DAYS

Fia. 1.—Velocity Curve of & Draconis.

+60 Km
+50 =
+40 £
+30
+20 / \'
+10 4

~—

5 10 15 20 25 30 35 40 45 50 55 60
DAYS

Fie. II.—Velocity Curve of a Draconis.
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TABLE OF ELEMENTS.

Elements, Harper. Plaskett
B NN, A BT e B18988: o e S 514-38 ]
W e PR . 5 16P7 leme; . v L A T A s Ll —17 Okms
N a00 000 ko fan s 5 o 0722550, vt b Yowtor! SOl ool e g hewrsyovawd D[Eio
=L, o o pbioo 198° (from deseendmg node) ............ 20° 15' {from a.seendmg node).
< (AP = W 1906 JHlyr 18=0nt 0 DR e I e 1906, Ju]yl -0n
GBI BNl s 057 900 kms ...... Rt . SARNIE SN 29,683,000 kms.

‘ Both sets of curves are shown; my own in Fig. I. and Mr. Plaskett’s in Fig.
IT. The heavy line is the observed velocity curve while the dotted is the computed
one. The small circles represent our own observations while the dots are those of
other observers. A graph of the orbit is also shown.

Lrine of Nodes

i

F1c. IT1.—Orbit of ¢ Draconis.

¢ No attempt has been made to correct the elements by the method of least squares
as the observations were not considered to be of sufficient accuracy to warrant such a
procedure.

¢T acknowledge with thanks my indebtedness to Mr. J. S. Plaskett, who throughout
has given me much valuable advice and assistance; and I am glad also of this oppor-
tunity of expressing my appreclatwn of the kindly interest which the Chief Astrono-
mer, Dr. W. F. King, has shown in the prosecution of this work.

¢ DoMINION OBSERVATORY,
Orrawa, CANADA.
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APPENDIX No. 4.

REPORT OF R. M. STEWART, M.A., ON THE TIME SERVICE.

Orrawa, ONT., March 30, 1907.

W. F. King, Esq., B.A,, LL.D.,
Chief Astronomer,
Department of the Interior,
: Ottawa.

Sir,—I have the honour to report as follows on the work carried out under my
charge during the past fiscal year.

The ordinary work in connection with the Time Service, in addition to the
necessary observations and daily routine work, has consisted mainly in the various
extensions and improvements which seemed called for, or became possible, from time
to time. The temperature control of the Standard clock has been greatly improved
by the installation of the Callendar Recorder described below, and by the erection of
the outer case in which it is now enclosed. The automatic arrangement for sending
out time-signals has been completed, and has been extended from the telegraph lines
to the telephone. The time service to the Government Buildings in the city has been
continued, and extensions to other departments provided for. Some additional experi-
mental work, such as time would permit of, has also been carried on. Experiments
were made on the time of transmission of telegraphic signals through repeaters, and
a few on the time-constants of relays; this work finds its application in longitude
determinations and in general meridian observations. An attempt was also made to
compare the relative aceuracy of transit observations with the observing key and with
the travelling-wire micrometer, which led to some interesting and rather unexpected
results as described below.

CLOCK ROOM AND APPARATUS.

As stated in my last report, the method of temperature control in use in the
clock room at that time had not proved very satisfactory. This was owing to irregular
variations of the zero point of the brass-ebonite thermostat which controlled the
heating circuit, due to changes in length of the ebonite section, corresponding to
fluctuations in the amount of humidity in the air of the room. A Callendar Recording
Thermometer with a special attachment was ordered to overcome this difficulty, and
was received in December last.

The recorder is essentially a self-balancing slide-wire bridge, in one arm of which
a platinum resistance thermometer is inserted; the resistance of the latter serves as
a measure of the temperature, while the record is made by a pen attached to the
sliding contact. Fig. 1.is from a photograph of the complete instrument, while the
circuits are shown diagrammatically in Fig. 2. One side of the bridge-circuit con-
sists of two fixed resistances of ten ohms each; the other comprises several adjusting
coils, the slide-wire, and the thermometer; the galvanometer is comnected across in
the usual way. The self-balancing feature of the instrument depends on the fact that
the galvanometer, which is of the I’Arsonval type, acts as an extremely sensitive
relay; attached to the moveable coil is a long light arm consisting of two insulated
wires which terminate in the two prongs of a fork, enclosing a small contact wheel.
The wires lead respectively to two ‘motor release magnets’ each of which, when
energized, serves to lift a brake off the corresponding one of two motor-clocks and

$
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allow it to work; these motor-clocks are connected by differential gearing with a
sliding carriage which makes contact with the bridge wire. In this way, when the
balance of the instrument is disturbed by a change in the temperature of the thermo-
meter, the galvanometer tends to deflect either to one side or the other, and thus
completes the circuit through one or other of the motor release magnets; the corres-
ponding motor clock then pulls the carriage along the slide-wire till the balance is
restored. The motor-clocks are connected differentially to a driving spindle whose
direction is perpendicular to that of the motion of the carriage; a cord with two or
three turns around the spindle passes over pulleys near each end of the bridge wire,
and its two ends are fastened to the opposite sides of the carriage, so that a rotation
of the spindle draws the carriage in the corresponding direction. To the carriage is
attached a pen which traces the temperature-curve on a sheet of paper ruled to the
proper scale; the paper is moved by a driving clock at the rate of 1 c. m. per hour, a
strip 1-68 m. in length lasting for a week. !

The adjusting coils mentioned above consist of an ‘ice bobbin’ of manganin
wire, having the same resistance as the platinum thermometer at 0° C, a balancing
coil of ahout the same resistance as the bridge wire, and a zero coil whose resistance
depends on the lower range required for the instrument; also a rheostat of low
resistance for the final adjustment.

The instrument is connected to the thermometer by leads consisting of two pairs
of wires; one pair (from PP, Fig. 2) is attached to the thermometer itself, the other
pair (from CQ), which is inserted in the opposite arm of the bridge, is short-cir-
cuited at the thermometer; as a resulf, the temperature of the leads, however much it
may vary, does not affect the recorded temperature.

The range of the instrument depends on the resistance of the bridge wire, the
zero point on that of the zero coil. If I, Z and W denote respectively the resistances of
the ice bobbin, the zero coil and the bridge wire, B that of the balancing coil and
rheostat, and P, that of the thermometer at 0° C, we have, since I=P, and B=W

I+B =W, N = 5 . (1)
Also, if T, is the temperature correspondmg to the ZET0 of the mstrument and « the
temperature coefficient of resistance for platinum,

I+ B4 Z=Wi+E (THgT)riwnth =3 sl S s it =S i o i

Hence Z=P, a T,

Z .
orTzPa.................(3)
Again, if T, is the upper limit of the seale;
I+ B+ Z 3+ W=P, (1LY 157 I D5 e e e )
and by combining (2) and (4)
2oW =R o (P =0 ) R RS B Sl e SR A Sy

2 W
orT,—T1=Poa.................(5)

For our instrument the present range is from 10° C to 35° O, corresponding to 2
distance of 200 m.m., or 8 m.m. per degree, which gives a fairly high order of sensi-
tiveness; the range can of course be changed to any value by altering the resistances
of the bridge wire and zero coil. The resistances of the several parts are approxi-
mately :—

Ohms.
Thermometer(atO"C) ety T I T e R Y
Bridge wire.. .. .. -5
b T ) T S Rl DR L | o el e s B L
Zerocoil.................................... -4
Balan g ia0i ]y o L o i e e el 925
o a ] ) . & o S - IR O S R -925
Galvanometer.. .. R T 5 s e el B e b

Motor release magnets (each) e e & 1o )
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The thermometer consists of about ten feet of open-wound platinum wire,
mounted on a frame about six inches square; the open winding is advantageous in
that it renders the thermometer particularly quick to take up the temperature of the
surrounding air; it is a type introduced recently for meteorological purposes.

These instruments are used usually merely for measuring and recording tempera-
tures; as it was in this instance required to control the temperature as well, an
additional attachment was necessary. A brass rod is fixed parallel to the bridge wire,
and on it slides a brass frame capable of being clamped in any desired position;
this carries an electric contact which is closed by the pen carriage when the tempera-
ture drops to the corresponding value; the contact operates the relay which controls
the heating circuit.

The chief advantages of the instrument are:—

1. Constancy of the zero point. ;

2. The temperature recorded is free from the influence of all mechanical errors,
such as friction of the pen on the paper, backlash, &e.; this follows from the fact
that the balance depends only on the position of the pen-carriage with respect to the
bridge-wire.

8. Only the platinum thermometer need be in the position whose temperature
is to be measured or controlled; the rest of the instrument may be situated at any
distance or in any position convenient.

With regard to the last point, it is necessary to consider the effect of a difference
in the temperatures of the thermometer and recorder, or rather, in this case, since the
temperature of the thermometer is practically uniform, of variations in the tempera-
ture of the recorder. If the sliding contact be placed at a distance x from the lower
end of the scale, the whole length of the scale being considered unity, and if the
actual temperature at which the thermometer is thereby kept be 7T, we will have,
using the same notation as before,

I+B+Z+sW=Q1-2) W+P, l+aT) . . . . . . . . (8

Now the temperature coefficient of resistance of manganin wire is practically
zero;* hence without sensible error we may put I=P,. Also, since the wires B and
W are at the same temperature, B=W for all temperatures (provided they are of
the same material).

Thus (6) reduces to

Z+(1+2) W=(Q1~-2) W+P,aT

Z+2z2W
orT=—T,——.................(7)

Py

Again, if £ be the temperature of the recorder,

ﬂ- Zd+22Wa' Ty

a7 = Poa S a) snbee BEAS- SR TR TR e a1 (8)
whefe a.: is the coefficient for the wires Z and W, supposed of the same material.
Ordmanl;.r T is about 25° O, and if we put o/ =3-6 x10~* (the approximate value for
German silver), we arrive at the result that a fluctuation of 1° C in the temperature
of the reco.rd.er will entail a variation of about -01° C in the controlled temperature.
If the vgnatmns in { were very large this might be objectionable; in that case the
effect mlgpt be reduced by removing the coils B and Z and inserting them in the
compensating leads beside the thermometer. In that case we should have in (6),
I=P, B+ Z=a constant=R, say, and the equation reduces to

RizW=(1-2) W+P,oaT

R @Qz-1)W
or T'= L Pl G S T ] Bl e O B T

y: P, a BNa bl 4e B
a7 @2=z-1) Wa
TR P4 (10)

Hence

* Smithsonian Physical Tables. Coeff. for manganin at 20°—30°C=1:4 x 10-5.



226 DEPARTMENT OF THE INTERIOR

7-8 EDWARD VIl., A. 1908
Substituting the value of W from (5), and noting that

T= T,-—- T: very nearly, (10) becomgs
aT L TE
dt..I:T—2].;,..............(11)

In this case the variation per degree varies from zero at the centre of the scale to
about -005° C at either end; for T=25° C it amounts to only -001° C.

The instrument was set up in the time room on its arrival, and connected by the
compensating leads with the thermometer, which was hung near the centre of the
clock room. It was discovered that the manganin ice-bobbin was missing, and pending
the arrival of a new one it was replaced for testing purposes by a coil of German
silver wire of the proper resistance. After a test, it seemed that there would be no
necessity of removing the coils B and Z to the clock room, and they have been left
up to the present in their places in the recorder. After connection with the heating
circuit, the temperature in the immediate vicinity of the thermometer was kept easily
within -1° C, whieh is probably quite close enough for practical purposes. After a
time, however, it developed, as might indeed have been expected, that at some distance
from the thermometer the variations were considerably in excess of this value, amount-
ing sometimes to perhaps half a degree. In view of the fact that the temperature
error of the Riefler clock is somewhat larger than might be desired, it seemed advis-
able to take some further precautions against variation. While perfectly aware that by
many experts it is considered useless to attempt any extreme refinement in tempera-
ture control, it has always been my impression that, with this clock at least, tempera-
ture is the largest source of error; this feeling was strengthened by its improved
performance after the installation of the recorder, and it seemed well worth while to
attempt still further improvement. This was deemed advisable not so much for the
purposes of the time service as such, but because of the great advantage to be derived
in refined meridian work from the highest possible uniformity in cloek rate.

The plan adopted was to inclose the clock in an outside heat-proof case whose
temperature should be controlled by the recorder, and to keep the less important
clocks and the room at large at a fairly uniform temperature by other means. The
plan of the case in section is shown in Fig. 8. The outside walls consist of layers of
different substances, with an air-space, to prevent loss of heat, and two doors are
provided at one side to allow access when necessary. The main part of the case is
filled by the pier and clock; behind this a partition extending nearly to the top
incloses a space for the electric heater; in the small chamber at the back is situated
an electric fan which keeps up a constant circulation of air through the heater and
around the clock as shown by the arrows in the figure. The platinum thermometer
connected to the recorder is fixed directly above the clock. Two windows of double
glass are provided at the level of the clock movement, one in front, the other at the
side; for convenience in reading the thermometer and barometer in the clock; a
mirror is fixed in a suitable position inside the case. This arrangement was com-
pleted and installed in February, and the temperature control is now quite satisfac-
tory; its sensitiveness is exhibited by the fact that the heating circuit is turned on
and off on an average about once a minute, while there appears to be no measurable
change in the temperature.

The air-tight case of the Riefler was last exhausted and sealed on June 29th,
1906, after replacing the damaged bushing by an improved one; from that time up
to the date of this report the leakage, if any, has amounted to less than a millimetre.
Some data as to the performance of the clock are contained in Table V. below, and
will be referred to later; during the period considered the outside case had not been
installed, but the temperature was controlled by the Callendar recorder.

Some time ago a clock was sent to the Chief Astronomer by Louis Fontaine,
D.L.S., of Lévis, acting for the estate of the late D. C. Morency, to be tested, with a .
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view to purchase if found satisfactory. The compensation is a mercury one, the
pendulum being supported directly from the movement; the escapement is of the
dead-beat type. Some preliminary tests of its performance were made in the time
room, without any very firm mounting, with the result that its variations of rate were
very considerable. However, examination showed that a large part of its irregularity
was due to imperfect compensation. The addition of a sufficient quantity of mercury
to remedy this defect raised the centre of gravity to such an extent that it could no
longer be regulated to keep mean time; accordingly it was rated to sidereal time
and a second test made in the clock room. To facilitate comparison, a temporary
seconds-contact was attached by arranging a drop of mercury beneath the lower
extremity of the pendulum rod. The result of this test showed such a decided improve-
ment as to warrant the conclusion that with some alterations the clock would perform
quite creditably, and it was accordingly purchased. The chief alterations required
are a firmer suspension of the pendulum and a more rigid attachment of the mercury
cup to the pendulum rod, with the addition of the necessary electric contacts. Pend-
ing these changes, the clock is at present not in use.

TIME SIGNAL CIRCUITS.

As intimated in my last report, the operation of the circuit in use at that time
-for sending out time signals was not very satisfactory. The contact controlling the
time-signal relay was operated by a wheel in the signal clock which contained 54
teeth and six blank spaces, the latter corresponding to the beats omitted in sending
the signals; in this way the signals corresponded in time to the audible beats of the
elock. The difficulty encountered was that these beats were not absolutely uniform
at different parts of the revolution; the explanation lies in a lack of trueness of the
escapement, which is of the pin-wheel type, and so particularly liable to this defect.
The remedy evidently lay in making the contact depend, not on the escapement, but
on the pendulum. For this purpose the original seconds-contact of the clock, designed
for operating seconds dials, was made use of. It consists of two springs, fixed one
on each side of the pendulum rod near its upper extremity, and connected together
electrically, which make contaet alternately with two adjustable screws fixed to the
clock-case. This circuit, among others, is shown in Fig. 4, and its working is described
below. It was preferred to the arrangement of a mercury drop beneath the pendulum
because of the greater firmness and certainty of its action, and also for the sake of
uniformity, as the beats can be adjustéd to occur sensibly at the same time as the
audible beats of the clock, as is the case with electrically driven minute dials and
seconds dials.

The arrival of the program clock made it possible to arrange for the automatic
action of the signal circuit, and this made necessary a re-arrangement of the circuits
controlled by the signal clock. The program clock is of the minute-dial type ordin-
arily used for ringing bells, and controls two separate circuits. A graduated paper
ribbon of a length corresponding to twelve hours is driven by a drum actuated every
minute by the impulses of the master-clock; two springs press against the ribbon,
being insulated by it from the drum; perforations in the ribbon serve to close the
respective circuits at any required time or times. There is also a wheel revolving
once a week which may be utilized if required for cutting out either circuit or both
at nights and on Sundays or holidays.

In arranging the signal circuit the requirements were that the signal relay should
beat seconds, omitting, however, the 29th second and the last five seconds of every
minute as well as the last ten seconds of every fifth minute; in addition, it was to
give a single beat of one second duration exactly at the even hour, and to remain
quiescent for the next ten or fifteen seconds. The telegraph line was to be switched
over the points of this relay at 11.55 a.m., and to remain so till a few seconds after
noon. This could not be done by the program clock alome, as, being of the minute-
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dial type, it can control a circuit for only an integral number of minutes. The
somewhat complexly interconnected system of relays found necessary for this and
the other circuits controlled by the clock is shown in Fig. 4. L is the pendulum
contact mentioned above which is closed for about half a second as the pendulum
swings to either side; M is a contact controlled by a wheel revolving once a minute,
which closes its circuit during the  29th second, and the last five seconds, of every
minute; N is the contact controlled by the five-minute wheel previously used, closing
the circuit from the 50th to the 58th second of every fifth minute. O is the hourly
contact, closed from about half a minute before the even hour till a few seconds
after; P is the contact in the program clock, set to close from 11.55 a.m. to 12 noon.
The other contacts and their circuits are omitted for simplicity; one closes its
-eircuit for the first second of every minute, another is closed from the 59th to the
60th second (for operating minute dials), and the third is continuously closed except
from the 58th to the 60th second.

The relay F is connected in series with the first of these and the hourly contact
O (circuit not shown); it is actuated for one second exactly at the even hour; from
its right-hand pair of points is controlled the circuit running to the time-ball on
Parliament Hill. B and C are worked by the circuit which is open only from the
58th to the 60th second, so that the circuits through their points are closed (see figure)
during these two seconds. A is operated by a combination of the hourly contact
O and the relay B; the circuit passes from battery through the coils of 4, thence in
multiple through the right hand points ¢ of A and the points d of B, thence to O
and so back to battery. O is closed half a minute before the hour, but the cireuit
still remains open at ¢ and d; it is, however, closed at d at two seconds before the
hour, which energizes A and draws the armature down, closing ¢ and thus leaving
the circuit completed even after d opens at the 60th second; finally the circuit is
opened at O after the lapse of a few seconds. In this way A is energized from two
seconds before the even hour till ten or fifteen seconds after. The circuit for record-
ing on the seismograph passes in series through the points of ¢ and the middle points
of A, thus operating the shutter every minute except that corresponding to the even
hour. ;

F is a differentially wound, neutrally adjusted polar relay; its two pairs of
coils are connected one with each side of the pendulum confact L; consequently,
since it is neutrally adjusted, its action consists of a motion of the tongue ¢ to right
or left once a second, corresponding to the instants at which the pendulum makes
contact at either side. The points ¢ and b are connected, ahd a ecircuit passing
between them and #, and also through the centre points of E, operates the signal relay
G, which is held closed except at the instant when # is passing from a to b or from
b to a. Consequently the relay G beats seconds; the single beat of a second duration
every hour is obtained by the action of F already described. The omission of the
required beats every minute and every five minutes respectively arises from the con-
nection of the contacts M and N in multiple with @ b and £. The condition that the
relay shall remain quiescent for a few seconds after the hour is fulfiled by also
connecting @ b and £ with the left-hand points of 4.

The relay H is operated by a combination of the program clock contact P and
the relay D, which works in unison with 4. The circuit is closed at P at 11® 55 a.m.,
and remains so till 12" 00™; at 11t 59™ 589, however, an alternative circuit is afforded
by D through the right-hand points of H, which remains effective till opened by D ; the
result is that H remains energized from 11t 557 till a few seconds after noon. During
this period the telegraph line is by it passed over the points of the signal relay G,
and the clock-beats are thereby transmitted over the line.

An arrangement has also been installed by which the same system of clock-beats
can be transmitted by telephone at any time. A telephone transmitter connected
with the desk telephone is fixed under my desk in the time room, and immediately in
front of it is mounted a telegraph sounder with a switch conveniently situated, so
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that it can at will be connected with the signal relay. The beats are sharp and clear,
and of sufficient 1nten31ty to be heard even over the long-distance telephone lines;
the arrangement has been in use since about the beginning of November and has been
in frequent demand by jewellers, surveyors and other parties who require exact time.
Methods of time transmission similar to the above have been in use for some time in
different localities in Europe, notably by Dr. S. Riefler of Munich.*

UP-TOWN SERVICE. .

The time service to the Government Buildings in the city has been continued
practically unchanged; a few additional clocks have been installed in some offices,
and clocks have been moved from one office to another in several cases as required.
The new contacts installed in the master-clocks have given every satisfaction, and
have materially improved the service. Some trouble was experienced with the tower
clock at the Observatory during the past winter, and was traced to an occasional
failure of good contact between the brushes and commutator of the motor; it was
remedied by the addition of a small ¢ trailer’ brush consisting of a thin strip of brass
bearing on the commutator slightly behind the main brush; the chance of the two
contacts failing together has proved negligible. The necessary attention to the up-
town circuits has continued under the charge of Mr. D. Robertson, of the Observatory
staff; it affords me pleasure to take this opportunity of stating that Mr. Robertson’s
care and attention to detail in this connection leave nothing to be desired.

An extension of the service has been projected during the past year, designed to
include the city Post Office, the Printing Bureau, the Mint and the Archives Building.
The plan contemplated involves the connection of “the last three by underground
wires, to be served by one master-clock. It is also proposed to install an electric
{fower clock in the post office, to replace the one formerly in use there. Under the
instructions of the Chief Astronomer, the buildings in question with the exception of
the Mint, were visited by me and an estimate made of the number of dials required
for efficient service. In the case of the Mint, the estimate was made from the plans
of the uncompleted building, and may require modification. The apparatus required,
including master-clocks, dials, switch-boards and switch-board apparatus, batteries,
motor-generators, &c., as well as the tower clock, has been. ordered, and most of it has
been received. In the appended list is given the total number of electric dials now
in place or projected.
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Total (including 2 tower clocks).. .. .. .. .. .. .. 802
ARMATURE-TIMES OF REPEATERS AND RELAYS.

In the telegraphic comparisons of time which form a part in determinations of
longltude, it is usually assumed that the time of transmission of the telegraphic
mgna]s is the same in either direction. Where the highest accuracy is not required,
as in stations used only for cartographical purposes, this assumption is undoubtedly

"Zeltubertragung durch das Telephon, by Dr. S. Riefler, in Zeitschrift fiir Instrument-
enkunde, Feby., 1906.
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sufficiently near the truth; but in the determination of important stations the °
question requires to be considered whether any errors are liable to arise from this or
similar causes. This matter came up for discussion in 1906 in connection with the
determination of the 141st meridian, and the duty of making some laboratory tests
was entrusted to me by Dr. King.

The method in use here for making the telegraphic time exchanges is as follows:—
In the telegraph line connecting the stations there is inserted, at each station, a
“gignal, relay,” over the points of which the chronograph circuit passes, as well as over
those of the ¢ clock relay’; by this arrangement any signals sent over the line will be
recorded on both chronographs, together with the beats of the respective clocks.” To
make the exchange, each observer sends a certain number of arbitrary break-
circuit signals, which, being recorded on both chronographs, afford a compari-
son of the clocks at the respective stations. Suppose both clocks to be regulated to
exact local time, and let f., and {,, denote the time of transmission of a signal from
east to west and from west to east respectively, while § £, and §£,, denote the ‘ arma-
ture-times’ or ‘reaction-times’ of the eastern and western signal relays. Then if
the eastern observer opens the signal key at an instant T, that signal will be recorded
on his chronograph and on the western one at times T, and T, where

Ly =T B85 s R, Tt s et s e S i il

TTL+t,,,+8t.............(13)
L being the difference of longitude. Hence we have

L=ty +8t =8y =T =T =AT, B85 1n i sivm e a el i L CTA)
Similarly, from the western signals, }

AR T T JE A A e N e e e e el e
and from (14) and (15)

B~ AT;AT' + t°'2t" Sy g B e = e

Of the quantities in (16), AT and A T” are the only ones which are directly
measured, and it is customary to assume that f,,=1%,,, and §{,=8%,. In the case
of a single telegraph line there is no reason for supposing i, and ¢, to be unequal,
'but where repeaters are included in the circuit the case is different; there is mno
guarantee that the t{ime of transmission through the repeaters themselves shall be
the same in both directions, and any departure from this condition will enter directly
into the final longitude. To determine this point a set of Milliken-Hicks repeaters
was obtained through the courtesy of the C.P.R. Telegraph Company, and a number
of tests made as described below.

As the principle of operation of repeaters is perhaps not a matter of general
knowledge, a diagram_of the connections is shown in Fig. 5 to illustrate their working.
L, and L, are the line relays at the respective stations, B, and R, the repeaters proper,
controlling respectively the transmitters T, and 7', T, has two pairs of contact points,
one controlling the line circuit to L, the other the adjusting relay A,; similarly for
T, The armatures of 4, and B, (also of 4, and R,) are independent, but arranged
ag shown in the figure, so that when A, is unenergized its armature may hold the
points of R, closed, even though no current be flowing at the instant through the
coils of the latter. V is the line battery, with one end grounded, E the local battery
for operating the transmitters and adjusting relays. The figure shows the condition
when the operator at L, has his key open. Evidently the times of transmission in
opposite directions have no necessary connection; that from left to right consists
of the sum of the armature-times of R, and T, that from right fo left of the same
quantities for B, and 7,. The armature-time of any given relay depends of course
on the amount of current normally flowing through it, and also on its adjustment,
i.e., on the closeness of the magnets to the armature and the tension applied to the
latter.

In longitude exchanges only break-circuit’ signals are employed, as under
ordinary conditions the time of transmission of these is very much less than for the
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other type; consequently these were the only ones experimented with. The first
experiment consisted in measuring the time of transmission in both directions under
different conditions of adjustment, due care being taken that all the adjustments
were perfectly normal, and such as might easily occur in actual work. The relays
L, and L, were made to record one on each half of a double chronograph; to save
time in scaling, as well as to eliminate errors in the determination of parallax, a
clock was made to record on the chronograph simultaneously; the clock times of the
signals sent and received could thus be scaled directly, their difference giving the
time of transmission; 1in order that no individual peculiarities of the two coils of
the chronograph might enter into the result, the connections were interchanged during
the progress of each measurement. The times of transmission east and west are given
below for each adjustment:—

E. W.
First adjustment.. .. .. .. .. .. .. .. .. -015 sec. -054 gec.
Second adjustment.. .. .. .. .. .. .. .. .. 016 “ -069 «
Thirdadjustmient: [ .50 S8 S S hn dhoe -y 2014104 084 «
Fourth adqustment e -039 « -008 “

Each of these values is from the mean of twenty sxg-nals, the probable error of each

[F 4
value works out about -002 sec. or 003 sec. The values of = "% i.e., the effects

on a longitude determination (see equation 18), range from -026 sec. to ~ -015 sec.,
an amount by no means desirable in a primary longitude.

This appeared to be conclusive proof of the variations in transmission time, due
to adjustment, which are liable fo occur in actual practice; though the matter
might have been left here, another experiment was performed, designed to test the
effects of variations in current strength in line and local circuits; in addition to the
direct information obtained, this would furnish an independent test of the reliability
of transmission times measured in this way, since according to theory the latter
should vary regularly, if at all, with the changes in current strength. An attempt
was also made to separate the armature-times of the line relays from the time of
transmission through the repeaters; though this attempt failed in the first instance,
the results are given, as affording a practical example of the errors liable to be
introduced into the measurement of short intervals of time, unless due precautions
are taken. The first column in Table I. gives the line current, the second the voltage
of the local circuit; under E. and W. are the transmission times east and west,
measured as before. The last column gives the values obtained for the difference in
the armature-times of the line relays, in the sense §t,—8¢,; they were obtained by
breaking the common circuit of L, and L, at V by means of a key, (see Fig. 5), and
measuring the difference of the clock-tlmes of the signals recorded by L, and L, as
before; apparently, at first sight, this should give the quantity requn'ed Now
evidently, if ¢, and ¢,, represent the actual times of transmission through the
repeaters, fyo=H—(8§1,~8%,) and {,=W+ (54, -84,). On attempting, however
to apply this correction, we are confronted with impossible negative values of £,..

TABLE I. TIME OF TRANSMIS<ION OF SIGNALS THROUGH REPEATERS.

==

Line Current. Local Voltage. .l E. Ww. &lo.—B8tw.
‘017 amp. 36 ‘031 sec. ‘026 sec. 016 sec.
‘032 36 | ‘042 o 029 o ‘041
048 [0 36_ | ‘044 o ‘030w ‘062
064 o 36 | ‘043 o 936 » ‘073
‘064 o 56 | ‘030 o 039
‘064w 76 050 o ‘041
064 n 96 050 ‘041
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For some time this was very puzzling and discouraging, as tending to throw doubt
on the whole series of experiments, but the phenomenon is capable of a simple
explanation as follows. The line relays L, and L, were not identical; L, (the
western one) was of the type used as a signal relay in longitude operations, with split
tubular cores; L, had the ordinary solid cores; consequently, L, had much the
higher coeficient of self-induction. Now the two relays were still connected in
paralle] even after the opening of the circuit at V; the higher self-induction of L,
(as might indeed have been foreseen) simply tended to establish a circuit through
itself and L, thus quickening the action of L, and retarding its own, f.6., making
the measured value of §£,—8¢, too large. That such action is possible is proved
conclusively by a piece of independent evidence which presented itself in actual work
in connection with the time service. Three identical differentially wound polar relays
were connected in parallel; in the case of two of them the current passed through
both windings in series, in that of the third through only one; thus the
value of the self-induction in the third was lower than in either of the
others; this third relay was neutrally adjusted, #.c., the armature would stay
indifferently in either position when no current flowed, a reversal of current.being
necessary to operate it. Yet it was consistently operated by the simple breaking of
the cireuit, thus proving conclusively that the current passing through it not only
died down more rapidly than it otherwise would, but was actually reversed.

These facts are of importance as serving to emphasize the care necessary in the
use of divided circuits when used for the exact measurement of time; in particular,
they indieate that chronographs should not be operated in parallel unless their wind-
ings are identical; rather they should be worked by separate relays (a separate
battery is not, however, necessary); moreover, the relays, if operated by the same
clock, should be identical

The experiment with the repeaters was repeated in a slightly different form, to
avoid the above error; in this case the armafure-times of the line relays were
eliminated during the measurement by interchanging them; . half the signals were
sent with L, connected to B, and L, to B, the other half with L, connected to R, and
L, to R,; the range of current-strengths was also different. The results are shown in
-Table II.; the columns headed E and W are in this case the transmission times
through the repeaters, freed from effect of the line relays. While of course not
-perfectly regular, they are sufficiently so to indicate the general law; with the
exception of the values in the fourth line, which appear to be somewhat too small,
they form an unbroken series increasing and decreasing again with the line current,
while the times with the heavier local current are in each case, with the above

TABLE 1I. TIME OF TRANSMISSION OF SIGNALS THROUGH REPEATERS.

!

Line Current. Local Voltage. E. W,
*017 amp. 50 032 sec. 022 sec.
043 50 ‘049w | ‘037 o
*0R6 " 50 055 o ‘040
086 " 10°8 051 « 044 «
044 » 10°8 056 .« [ ‘044 o
017w | 10°8 043 025 o

exception, slightly greater than the corresponding ones where it had the lower value;
it may be noted in addition, that the values under E are consistently greater than
those under W. The same general tendencies may be observed in Table L., though not
in as regular a degree; this is due probably to the fact that each value in Table I.
is derived from only twenty signals, as against forty in Table II.; the inclusion of
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the armature-times of the line relays in Table I. should make no difference in the
general tendency, as the quantities follow similar laws.

The conclusion to be drawn from these experiments appears to be that the time
of transmission through repeaters in opposite directions may vary within compara-
tively wide limits, being affected both by conditions of adjustment and by current
strength. The effect of the first of these causes on longitude measurements may of
course be eliminated by reversal of the repeaters without change of adjustment during
the progress of the exchange, but with the differences of current strength in the two
sections of the line this is not the case, the latter being dependent on length and
condition of line, &. In fact it is conceivable that under certain conditions—e.g.,
a large difference of current strength in the two sections of the line, with a corres-
ponding perfect adjustment of repeaters—the reversal of the repeaters without read-
justment might only aggravate matters—might indeed introduce an error where
otherwise none would have occurred. One thing is certain; repeaters should never be
used in primary longitude work except in case of absolute necessity. In that case it
would probably be best to increase the number of exchariges, even having several in
immediate succession, and to insist on a complete and independent readjustment of
all repeaters between exchanges, trusting to the principle of compensation of errors in
the final result; under such conditions it would at least be reasonably certain that
the result would not be affected by systematic error.

There still remains to be considered the possible difference in armature-times of
the signal relays at the two stations, the quantity § £, 8¢, in equation (16), which
enters for its full value into the longitude. Most of the signal relays on our longi-
tude switch-boards are of the split-core type deseribed above, having a resistance of
about 330 ohms; one, however, is a polar relay, resistance 400 ohms in each winding.
The armature-times of both these types were measured under different conditions of
current and adjustment; the method of measurement was as follows. A relay with
two pairs of points was controlled by the signal key ; one pair of points recorded directly
on one side of the chronograph, the other pair worked the relay whose armature-time
was to be measured; the points of the latter recorded on the other side of the chrono-
graph. To eliminate the individuality of the separate pairs of points of the first
relay, their connections were interchanged during each measurement, as well as those
of the two coils of the chronograph. Each measurement consisted of ten signals
with each system of connection, or forty in all.

Table ITI. shows the effect on the split-core relay of independent variations of
the three variable quantities, current, armature-tension, and distance of coils from
armature; in only one case, one which can easily be guarded against in actual work,
was the armature-time greater than -005 sec., while it did not reach even that value

TABLE III. ARMATURE-TIME OF SPLIT-CORE RELAY.

ADJUSTMENT.
Current. — Arm.-time.
Coils. Tensicn.
058 amp. Close. Loose. ‘012 sec.
‘068 o Medium. 0 001 .
‘0568 w Distant. 1 005 o
‘058 Medium. " ‘005 o
‘058 " Medium. ‘003
‘058 u Tight. 0005
2 0%9 [ " Medium. 002 o
‘058 w " " 0025 v
‘117w " " ‘003
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except when the tension was loose. This indicates that the relay with split tubular
cores is reasonably efficient for longitude work, and may be rendered very highly so
by care in keeping the adjustment keyed up to the highest point at which the relay
will work. This fact renders practically unnecessary the complex balancing system
often employed in longitude exchanges in Europe.

TABLE IV. ARMATURE.TIME OF POLAR RELAY.

|
ADJUSTMENT. |
5 e
Current. —_—_— e — Arm.-time. { Remarks.
|
Pole-piece. Tension. |
!
*005 amp. Close. Loose. 029 sec. 'One winding.
‘005 o " Tight. 002 | "
0056w | Distant. | Loose. | 027 w | "
0056« | " | Tight. | 006 . 8 "
025 o | | ‘026w | Both windings.
050 | 056 . 'One winding, other short-
. | circuited.
050 o 021 . |One winding.
026w 012 "
012 ‘009 o« | n
‘0056 » | 002 "
‘006« [ ‘008 o " other short-
3 | | circuited.
‘0025 o ( ‘003 « |Both windings.

Table IV. shows the armature-times for the polar relay under similar conditions.
In these relays the armature moves between two pole-pieces which form the per-
manent field; the distance between the pole-pieces is variable; this is the adjustment
referred to in the second column; the tension,” in this case the effect of the per-
manent magnetic field, depends on the position of the armature relative to the pole-
pieces. As will be seen from the table, the adjustment of the pole-pieces makes little
difference, while the effect of variation of tension is very considerable; variations of
current also produce a considerable effect. If both windings are used in series the
armature-time appears to be slightly greater (for the same adjustment) than if only
one winding is used, with the same number of ampere-turns; on the other hand, if
the current be passed through one winding, and the other short-circuited, the armature-
time is more than doubled. On the whole, though under the most favourable condi-
tions the armature-time is fairly small, this type of relay is decidedly unsuitable for
the measurement of short intervals of time, and should never be used in longitude
operations or for working chronographs except in extremity.

ERRORS OF TRANSIT OBSERVATIONS.

The experiments described below were undertaken in the first instance merely
as a test of the relative merits of the transit key and the travelling wire micrometer
as methods of observing transits; the results which developed, however, served to
call attention to some other phases of the question which sesmed to call for investi-
gation. That work is as yet by no means complete; still, some results have been
arrived at which serve to show in a general way the causes underlying some of the
larger errors in transit work, and to indicate the lines along which further investiga-
tion may most profitably be carried on. It should be premised that what follows
refers only to observations with a portable instrument, that is, to the case in which
the azimuth and collimation errors of the instrument must be determined from the
observations themselves, and not by means of a fixed azimuth mark and collimating
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telescopes. For a more complete understanding of the conditionsz it may be wel} to
explain in a few words the general method of making the observations and reductions
which has been customary here. It is to be noted also that the purpose of the regular
observations is the determination of clock-error.

The instruments used are the ordinary reversible type of Cooke transit, with
object-glass of about three inches aperture and three feet foeal lgngth. These ?nstru-
ments, though portable, are heavy and massive enough to be fairly stable durn_1g an
evening’s work. A complete time determination consists usually 'of the transits of
twelve stars, six in each position of the instrument; of these six, ome is & slow-
moving north star for the determination of azimuth, while the remaining five are
south of the zenith. After applying corrections for level error and for diurnal aber-
ration, we have from each star an equation of the form Cc+Aa+A T=1, where ¢
and a are the collimation and azimuth errors respectively, C =sec 8, 4 =sin (¢ —3) sec §,
and A T is the clock correction. The twelve equations are combined by least squares,
giving equal weights to the separate observations, and hence are deduced the values of
¢, a, and A T. The probable error of the resulting &7 is found in the usual way
from the residuals given by the separate stars. It has been the usual custom to so
select the stars as to ‘balance’ the set, that is, to have 3 4 and 3 C each as nearly
zero as convenient.

Every one who has had extended experience with such observations has noticed
certain discrepancies which frequently show themselves in the results. In an extended
series of observations for personal equation, the different values obtained, even from
two determinations on the same night, may sometimes, if not frequently, differ by a
tenth of a second or even more, while the probable errors of the individual sets may
not in any case exceed one one-hundredth of a second. Nor is it only in personal
equation observations that these discrepancies show themselves; in longitude deter-
minations, a fair average of the extreme difference obtained during a few night’s
work would probably be about a tenth of a second or more; and the differences in
clock-error obtained by the same observer on the same night from successive deter-
minations, even when using a reliable clock, are often of about the same order of
magnitude.

From a comparison of the magnitude of these frequent discrepancies with that
of the corresponding probable errors, and from the fact that they do not follow the
same law, and seem to have no connection, it is at once evident that the discrepancies
are not the result of truly accidental errors, but are systematic in their nature; that
is to say, that of two sets taken on the same night, one may be affected by a certain
systematic error, the other by a different error also systematic. The simplest explana-
tion of this fact, and the one which has been generally accepted,* is that these dis-
crepancies are the result of real variations in the observer’s personal equation. Indeed
it seems 3 priori quite probable that a quantity so purely a personal one would depend
on the observer’s physical and mental state, and would consequently vary from night
to night, and even during the same night. Such a supposition would fully and
absolutely explain the observed facts; for even though the change were a gradual and
regular- one during any single night it would not be evident from a consideration of
the separate observations, for the reason that the grouping into sets and the separate
reduction of these would tend to mask its progressive character. And further, if the
discrepancies were due to this cause, we should naturally expect that in observations
with the travelling wire micrometer, which are comparatively free from personal
error, they would disappear or at least be considerably reduced. It remaired, then,
only to test this hypothesis by actual experiment.

*See “Test of a Transit Micrometer ”, U.S. Coast and Geodetic Survey report, 1904;
also “ Die Beobachtungsmethode mittelst des Repsold’shen Registrirmikrometer in ihre
Anwendung auf Langenbestimmungen,” by Prof. Th. Albrecht, in Astronomische Nach-
richten, No. 3699, Band 155. 5

25a—16
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Two of the instruments belonging to the Observatory have been equipped with
the micrometer attachment for a couple of seasons; but most of the observations taken
with them were in the field, and the variations in the rates of the chronometers used
made it impossible to place any dependence on conclusions drawn from these data.
There remain some observations for personal equation taken here by Mr. McDiarmid,
using the Riefler Sidereal clock, which might have been compared with observations
takien by myself at the same time with the key. But any conclusions based on these
data could scarcely have been final, for whichever way the balance went, the possi-
bility would remain of explaining it by the superior accuracy of one or the other
observer. Consequently it was decided fo make a test by conducting a series of
observations with two instruments, one fitted with a transit micrometer, the other
with a fixed field and a key. The method followed was to take as many time sets as
convenient, four if possible, on the same night, with the key and micrometer alter-
nately, repeating the programme on a sufficient number of-nights. The accurate
running of the Riefler clock made it possible to compare rigorously the results of all
the observations on any night, and even, with some slight reservation, on succeeding
nights.

Up to that time I had never used the transit micrometer, so that in the first place
it was necessary to gain some experience in its use. It was decided, however, to so
arrange the observations made for that purpose that they could be made use of to
obtain some preliminary results. The observations were begun about the first of
November last; only six stars were observed in each set instead of twelve, and four
sets were taken on each clear night for six nights, making in all twelve sets with each
instrument. The continuity of the series was broken at this point by a period of
cloudy weather, and the later observations were confined to the gaining of experience
with the micrometer. The indications given by these six nights’ observations were not
very conclusive; while the average inter-agreement of the observations for the whole
period was about the same for key and micrometer, the result given by discarding one
night’s observations was quite decidedly in favour of the micrometer; considering
the fact of my inexperience with the latter, it was perhaps natural that I should be
confirmed in my former belief that the discrepancies in key observations were explain-
able on the assumption of variations in personal equation, and would tend to dis-
appear in micrometer work. At the same time, it was of course realized that time-sets
of only six stars were rather unreliable, and that the data were not extensive enough
to warrant definite conclusions. Tt was decided, therefore, after having gained some
experience in micrometer observations, to proceed with a new and more extended test,
and to observe full sets of twelve stars in each case.

This series of observations was begun about the middle of December, and con-
cluded early in February; during that time some forty-five sets had been observed on
sixteen different nights, nearly an equal number with each instrument. It was not
possible, on account of weather conditions, to adhere throughout to the full program
of four sets on every night; sometimes only three or two were obtained, and on a
few ocecasions only one. It was hoped, however, that even these might be made some
use of, if the clock-rate proved constant enough from day to day. The results are
shown in Table V. The second and third columns show respectively the clock cor-
rections (in seconds) and their probable errors as deduced in the usual way; the
fourth and fifth columns contain the discordances between the different observatioms
on the same night with the same instrument. These range in the case of the key up
to -129 sec., with an average of -049 sec.; in that of the iicrometer to -103 sec., with
an average of -045 sec.; the average probable error is -011 sec. for each instrument.
It is worthy of note that on December 17th, when the largest discrepancy with the
micrometer occurred, the probable errors of the two sets were only -009 sec. and -011
sec., while the discrepancy of -129 sec. with the key occurred between two sets whose
probable errors were -007 sec. and -011 sec.
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TARLE V.
— — . 5 3
! F
oo SR Ak TH 1. TV e il W viI Vil | IX X XI
' l
Dirgordances. i Residuals.
D T | o # ek 1 | Meanfori ATat | Resid. —at
ate A o B AT AT, night. |mean rate.[for night iz
Key  |Microm, Key |Microm.
009 .- ~2:704 — 059
O op 10872880 _geeas| 265 o0 9B
011 -2:601 | ‘044
013 -2:612 ! 047
Ol 1290 0o T2 _mso -2es0 ool OIS
-011 g ~2-680 | - -021
012 ~2°720% -2:720 | -2:'719, - 001 - -001
010 [ —2-766% —2-766 | —2-763 —~-008 --003
v T2 cxmer| o -omes om0 O
{
015 -, ~2:803 ¢ adbivet AT
oy e o T3S —oter | -2es1s| 013 L,
-014 -2-8%0 ; — 005
-007 _ ~2-856 —026
00711 ipap -2:863% -2:845 | -2:830 | ~'015 - 033
-012 I- —2:817* | 013
) | e | ;
ot TR -zem | -2ess| 007 00 T
013 _aer| —ger| -2-647 030 030
-013 J -2:562 | -2562| -25713| -0l ‘011
<010 i ~2°508 | - - 046
009 .gpsl -2-454*| -92493| -2:462| --031  -008
.009 l -2'517* , - 055,
~o1g : -3'333* | -055
-01 ; 007 —2°40 s Rl . ~-021
it 034( 007|251%0 | -2°%78 | -2:388 010 D
012 | —2-367* | 091
! l
s T30 2208 | 2200 | —comnf ool 7010
.' |
-008 : -2-007*
ol cosm 06|22 _2-019
-010 | —2-047%
o -1’-515*
) o ~1-522% 1541
o] 064 ~1°586* -
‘008 ~1-295%
ol omal o710 | 40
014 —1-217*
!
-o11* -
Means.. .... : ‘049, 045 028 029
011 |

*Key observations.
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We may examine this series of observations in another way, which will give
perhaps a better comparison of the performances of the two instruments. It has been
mentioned that the standard clock of the Observatory has a very steady rate; if it
should so happen that the series of observations with one instrument showed a pro-
nounced tendency to agree more closely with the supposition of a regular rate-curve,
that would indicate, other things being equal, that that series of voservations was
less affected by fluctuating errors. F¥rom the values in column IT. we can obtain
the mean systematic difference between the key and micrometer observations, a
quantity which of course corresponds to personal equation; it amounts to -445 sec.
The application of this correction to the key observations makes all the observations
on any single night strictly comparable; the derived values are given in column VL.,
and the means for each night in column VIL.

From a consideration of these it is apparent that as regards clock-rate the whole
period falls naturally into three parts, during the first two of which at least the rate
was very nearly constant. The irregularity during the last few days is no doubt due
to the fact that the outside case of the clock was_then being installed, which, in
addition to a certain amount of direct disturbance, probably gave rise te considerable
irregular changes of temperature. The decided change in rate at January 11th is
somewhat puzzling; it may be partially accounted for by changes in local tempera-
ture, as about that time, on account of the extreme coldness of the weather, the
electric heater proved just insufficient to keep the temperfiture up to its former value,
and several incandescent lamps were left burning continually in the clock room to
help turn the scale; a slight increase in temperature (though only about -2° ) was
indicated by the thermometer in the upper part of the clock, and it is possible that
the change in distribution of the heating may have induced a larger difference in the
temperature of the pendulum, though this seems doubtful. On the other hand, there
was exactly at that date a small but very definite change in the amplitude of swing
of the pendulum, which was read daily; for the month immediately preceding, the
amplitude varied between 91-6’ and 92-1/, the average being 91-9’; from January
11th till the end of the month it varied between 91-2” and 91-6’, the average being
91-3"; this can have no connection with temperature, as the monthly averages for
the three preceding months had been respectively 91-8’, 91-7 and 91-7/, while the
average temperatures were 25-8°, 25-1° and 23-5°. Whatever the cause of the simul-
taneous change in amplitude and rate, there ‘is little doubt that they were closely con-
nected.

However that may be, it is sufficient for the purpose of our comparison that
during each of the first two periods the evidence points to a practically constant rate,
go that up to January 28th we are enabled to make a comparison of all the observa-
tions without regard to date. During the first period (December 17th to January
11th) the mean rate was — -0074 sec. per day; during the second (January 11th to
January 28th), + :0359 sec. per day. The theoretical clock corrections at these con-
stant rates are given in column VIII.,, while column IX. exhibits the differences
between columns VII. and VIII. The smallness of these differences at once gives
colour to the supposition that the rate was practically uniform during each period,
and allows us without fear of error to make use of the test above referred to. This
consists in a comparison of the residuals” of each separate observation from the
assumed rate-curve; these are tabulated for the two instruments in columns X. and
XI. The mean value for the key is -028 sec., and for the micrometer -029 sec., the
largest values being -078 sec. and -059 sec. respectively. Or if we treat these
quantities as real residuals, and determine from them in the usual way the probable
error of a single observation, we get -025 sec. in the case of the key, and -024 sec.
in that of the micrometer.

This series of observations, then, in whatever way we examine it, points to the
conclusion that so far as irregular variations are concerned there is very little to
choose between the key and the micrometer. True, the values are on the whole per-
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haps slightly smaller in the case of the micrometer, but the difference is so slight
that we would not be justified in drawing any conclusions from it.

In order to check the conclusions arrived at, an investigation was made of all the
available micrometer observations made at the Observatory; those taken in the field
were useless for the purpose, as stated before, on account of the inaccuracies of
chronometer rate. The entire data were found to consist of thirteen nights’ work,
on each of which two time sets had been taken. These nights were distributed over
several months; the largest discrepancy which occurred was -108 sec., the average
value being -035 sec., while the average of the probable errors of all the sets was
-010 see. From fifteen nights’ key observations taken during the same period the
largest discrepancy was 101 sec., the average being -034 sec., and the average prob-
able error -010 sec. In this case the discrepancies are somewhat smaller than those
obtained in December and January, as was of course to be expected from the differ-
ence in temperature and the consequent difference of comfort in making the observa-
tions. As in the former case, however, the values are practically the same for the
two methods of observing.

The conclusion, then, would appear to be forced upon us, that if irregular fluctua-
tions of personal error do occur in key observations, their influence is effectually
masked by some other source or sources of error which are common to observations
with the transit micrometer. This is, so far as I am aware, the first comparative
test of the kind to be made under identical conditions for both instruments, and it is
perhaps not surprising that what seems to have been an erroneous assumption should
have received general acceptance; indeed, the present investigation was undertaken in
the first place with the firm expectation of merely confirming the generally accepted
opinion. These conclusions, however, it must be remembered, do not invalidate the
claim for the micrometer of the practical elimination of personal equation and all
the advantages thereby entailed.

Taking it for granted, then, that these effects are practically independent of the
instrument used, and therefore not due to variations of personal equation, it becomes
legitimate, in order to obtain more extensive data on the real magnitude of the
variations, to take into account any additional key observations available. These
consist of about fifty nights’ work, on each of which at least two time determinations
were taken; the average value of the discordances amounts to -039 sec., the average
of the probable errors being -012 sec. Combining these with the observations already
considered, both with key and micrometer, we obtain, as the average discordance from
nearly a hundred nights’ work, the quantity -039 sec., the average probable error
corresponding being -011 sec. An idea of the magnitude of the real probable error
to which such an average discordance corresponds may be obtained from the values
derived from columns X. and XI. in Table V., and also from the personal equation
observations made by Mr. McDiarmid and myself. These last consist of between
twenty and thirty separate determinations; the probable error of a single deter-
mination, computed by the residuals from the mean, amounts to -038 sec. Now this
is evidently the probable error of the difference of two time sets; that of a single one
would therefore be -027 sec. The average discordance on the same night during these
observations was -035 sec. Combining this with the probable error of -024 sec. or -025
sec. from Table V. and the corresponding discordances, we may assume as a rough
average that the final mean discordance of -039 sec. corresponds to a real ¢ probable
error’ of about 025 sec. That is to say, the real liability to error exceeds more than
two-fold the nominal value obtained in the usual way from the residuals of the
separate stars.

It must be admitted, of course, that to such a limited number of observations as
the twelve stars of a time set, the theory of the probability of errors does not rigor-
ously apply; for this reason it is to be expected that the probable error obtained from
the application of this principle should be systematically too small; and it might
eagily happen that in some cases it would be vastly so. But in the average of a large
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number of observations, such as is here considered, it seems impossible to account for
effects of the observed magnitude by any such hypothesis. To account for at least a
part of the discrepancy, we must rather look for some source of error which from its
nature would not show itself in the residuals, which might systematically affect the
result of a complete set by a considerable quantity, and which might vary from one
set to another.

In considering the question & priori, the explanation seemed most likely to lie in
defective determinations of azimuth caused by errors in the observations of polar
stars; this view was strengthened by the reflection that when the azimuths of the
two ‘clamps’ of a time set are reduced separately, they frequently differ by a con-
siderable amount. A simple test of the validity of this explanation can be obtained
by observing in the course of a set as large a number of polar stars as possible, and
examining the effect of a choice of different ones in reduction. Table V1. shows the

TABLE VI.
Date T a T Difference
—2-654 - 060 016
Doe: T s e b o cae bt s 073
—2-581 - 196 -013
© —-3°182 485 ‘012
e R L e e o« oriea 069
-8-113 * 360 ‘016
*122 - 244 008
00 O SRS A SUCKY SRR St gL 013
135 — 264 008
698 317 010
;1Y R SIS R N TS o 046
‘744 244 014
- 655 - 349 019 |
T 0 o e T T T { | +018
- 637 - 398 017 '

* Key observations.

result of such observations and reductions on several nights. In most cases four
polars and ten time stars were observed in each set; the polars were in every case
ones that might have been used in the course of ordinary observations—i.e., ranging
from about 75° to 85° declination. The reduction was made first with one pair of
polars, omitting the others, and afterwards with another pair and the same time
stars, The second and third columns give the clock corrections and azimuths obtained
in this way from each set, the fourth column containing the probable errors of the
corresponding clock corrections. In the last column is given the difference between
the two time determinations from each set. It will be seen that in three cases out of
the five the two values of the azimuth differ by a considerable amount, while in the
same three cases the resulting effect on the time determination is about -05 sec. or
over. In some cases almost as large a change would have resulted by replacing only
one of the polars, though in the majority of cases each separate polar gives a quite
distinct value of the azimuth.

There can be no doubt that we have here the principal source of error in such
observations as we have been considering. While in itself it may not be of sufficient
magnitude to completely account for all the discrepancies observed, it would seem to
do so fully when taken in conjunction with ordinary accidental errors of observation
and with the errors arising from defective level readings, which, however, it greatly
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overshadows in magnitude. The fault does not appear to lie, at least in the main, in
catalogue errors or in magnitude equation, but simply in accidental errors of observa-
tions of the polar stars, which of course become systematic with respect to any one
set. It remains to be seen whether any method of observing can be devised to over-
come the difficulty.” Some tentative experiments have been made to this end, but the
investigation is not yet complete. An account of these experiments, together with a
discussion of the theoretical conditions, is reserved for a future report.

RISING AND SETTING OF THE SUN AT OTTAWA.

The tables given below for the rising and setting of the sun at Ottawa for 1907
were computed by W. M. Tobey, and have been checked over carefully by both Mr.
Tobey and myself. The exact formulae for rising and setting (in standard civil time)
are respectively :—

Tp=12" 027 528+ e 1,

Tg= O 02 525 +e,+1,

where e =equation of time for corresponding epoch
i e /_3_1_1_1__%_ &+¢-8) sin & ({—¢+d)
\ cos ¢ cos §

£=90° + horizontal refraction + sun’s semi-diameter.

¢ =latitude.

d=sun’s apparent declination for corresponding epoch.
The values adopted for the horizontal refraction and semi-diameter were 83’ and 16
respectively, giving ¢{=90° 49”; the latitude was taken to the nearest minute (45°
24’). For convenience in computation, the values used for ¢ and § were those cor-
responding to 6 a.m. and 6 p.m., respectively; this introduces a small varisble error,
whose maximum value, however, does not exceed four or five seconds, and is negligible
in comparison with the uncertainties of refraction.

The object of carrying the computation to seconds was that the tables might be
of permanent value, since tables for any ensuing year can be formed from them by
interpolation. For since the length of the tropical year is 365-24221 days, and the
length of the civil year 365 days or 366 days, 1908, 1912, &c., being leap years, it
follows that if T, be the time of rising or setting on any particular day, and A T
the difference between that day and the next (or preceding), we will have

Tinsn=TimtEAT

1907

where K =— -24221 n + the greatest integer in n: 2 A

It is to be noted, however, that in a leap year this value of K applies in January and
February only, and must be increased by unity for the remaining months. The
values of K are given for the next few years:—

- -242
HE ) e 0 S o £ ey M58
R ool R oy s ey ST gt i -516
e L F e s cx . -273
32NN o oo s st o nl il B et ke T Ol -031

- 211
12t o o e Sy $hEnds i 789
B e R o g il el e et -54T
ORL 2 % e SR h ok S T e R -305

1313 TS et R O e R P R Y -062
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©P-I% G R0 = § | Date.

.

JANUARY. FEBRUARY. MARCH. APRIL.
Rismg. Setting. Rising. Setting. Rising. Setting. Rising. Setting.
H M, 8 |H M. S.|H M. S |H M. 8 |H M S |H M B |H M B8 [H M S8
7 42 594 29 467 26 1815 08 2716 43 185 48 32 |5 45 23 (6 29 28
7 43 03 (4 30 40 |7 24 08 |5 09 H64 |6 41 325 49 54 |5 43 30| 6 30 45
7 43 04 |4 31 36 |7 22 5516 11 21!6 39 45 |5 5L 17 |5 41 37 {6 32 02
7 43 024 32 34 |7 21 42|(b5 12 486 37 58 |H 52 39 |5 39 446 33 19
7 42 57 |4 33 35|7 20 2516 14 15|6 36 105 54 01 | 5 37 53| 6 34 36
7 42 51 |4 34 36 (7 19 09(56 15 42 (6 34 21 |5 55 22 5 36 006 35 53
7 42 4104 35 39|7 17 5015 17 09 |6 32 32 |5 66 43 |5 34 0B |6 37 10
7 42 294 36 4517 16 30 (b 18 37 |6 30 42|5 58 03 ' 5 32 17i6 38 2
7 42 14 |4 37 52 (7 15 07 |5 20 04 |6 28 5115 69 25| 56 30 26 |6 39 43
7 41 56 |4 39 01 |7 13 44 (5 21 31 |6 27 01 |6 00 45 5 28 36 |6 41 o1
7 41 36(4 40 117 12 19|5 22 596 25 09 |6 02 06:52646 6 42 17
7 41 13 |4 41 23|7 10 56315 24 26 |6 23 18/6 03 26 b 24 57 |6 43 34
7 40 48[4 42 35 (7 09 2515 25 53 |6 21 26{6 04 45 | 5 23 08 |6 44 b1
7 40 204 43 48 |7 O7 56 |5 27 206 19 336 06 05 5 21 20| 6 46 08
7 39 50 |4 46 04 (7 06 25|56 28 46 (6 17 41 (6 07 25 | 5 19 33 |6 47 26
7 39 174 46 21 |7 04 53 |5 30 126 156 48| 6 08 44i51746 6 48 42
7 38 414 47 38(7 03 20(5 31 38|6 13 6416 10 03 '5 16 00| 6 49 59
7 33 044 43 567 01 45(5 33 056 12 01 |6 11 21 &6 14 16 (6 51 16
7 37 24!4 50 16|7 00 10|65 34 30|6 10 07 |6 12 40 {5 12 31 {6 52 32
7 3 41 |4 51 366 58 33|b6 35 56 (6 08 13|16 13 58 |5 10 47 |6 53 49
7 35 5614 52 5816 b6 555 37 21 |6 06 19|6 156 16|56 09 04 (6 55 06
7 8 094 54 19|6 55 17 |5 38 46 (6 04 25|6 16 35 (5 07 22 |6 56 23
7 34 204 55 4216 53 375 4 11 /6 02 30|6 17 53 |5 05 41 | 6 57 40
7 33 28|4 57 056 51 57 (5 41 35|6 00 36 |6 19 105 04 01 | 6 58 55
7 3 35|4 58 20!/6 50 14 |5 42 59 |5 58 41 (6 20 285 02 227 00 13
7 31 37 |4 59 5316 48 31 (5 44 22 |5 56 4716 21 4515 00 44 {7 01 28
7 3 39|5 01 186 46 47 |5 45 46 |5 H4 536 23 03 |4 59 07 |7 02 44
7 29 39|5 02 43 |6 45 03 |5 47 09|56 52 5816 24 2014 57 317 04 00
7 28 35|56 04 09 !.. i .5 5L 05|6 25 37 {4 55 57 |7 05 18
7 27 31|5 05 34| Ad U5 49 1116 26 54|14 54 23| 7 06 32
e G el T RSO | [T v U kIO L ) OIS S Lol e

=
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May. JUNE. Jovry, AUGUST.

§ Rising. Setting. Rising. Setting. Rising. Setting. Rising. Setting. §
a

1907/H. M. 8. |H, M. 8 |H M. S.|H M. S8 |H M S |{H M B8 |[H M B8 |H M B8 [1907
1[4 52 50 (7 07T 47 |4 18 24 |7 42 39|44 17 39 (7 b4 47 (4 45 36 |7 31 52 1
24 b1 197 09 03 |4 17 49 |7 43 314 18 11 |7 54 36 |4 46 46 |7 30 36| 2
3|4 49 4917 10 19 |4 17 16 |7 44 22 (4 i8 45|7 b4 23 |4 47 B5|7 29 18| 38
414 48 2117 11 33 |4 16 45 |7 45 11 |4 19 22 |7 54 08| 4 49 05 |7 27 58| 4
5|4 46 b4 |7 12 60 |4 16 17 |7 45 5914 20 007 B3 51 |4 50 15 (7 26 37| 5
6,4 45 20 !7 14 05]4 15 BI |7 46 44 )1 20 40 |7 53 31 |4 51 27 |7 25 14| 6
714 44 03 |7 156 17 |4 15 27 |7 47 28 |4 21 22 |7 53 09 |4 52 37 |7 23 50| 7
814 42 4117 16 31 )4 15 06 |7 48 10 |4 22 05)7 52 45|14 53 6O |7 22 25| 8
9|4 41 20 |7 17 45 |4 14 48 |7 48 504 22 507 52 17 |4 55 01 |7 2 67| 9
104 40 007 18 B58/4 14 32 |7 9 28)4 23 377 51 484 56 12{7 19 29 10
11 |4 38 417 20 11 ({4 14 18 |7 50 05 |4 24 25 (7 51 16 |4 BY 25 |7 17 69 | 11
12 /14 37 2517 21 2214 14 06 )7 50 4114 25 157 50 4114 58 3817 16 27 | 12
13|14 36 10(7 22 35 (4 13 56 |7 51 1414 26 06 |7 50 05 |4 59 50 |7 14 55 | 13
14 (4 34 57 (7 23 46 (4 13 49 {7 51 444 26 H8 17 49 275 01 027 13 23|14
156 (4 33 45 |7 24 56 |4 13 46 |7 52 13 |4 27 51 |7 48 46 |5 02 14 |7 11 46 | 15
16 (4 32 36 (7 26 06 (4 13 42 |7 52 39 4 28 467 48 035 03 2817 10 11 |16
17 |4 31 27 |7 27 15 |4 13 41 (7 53 03 |4 29 42 |7 47 18 |5 04 40 |7 08 33| 17
18|14 30 21 (7 28 24 (4 13 45 (7 53 28 (4 30 40 |7 46 29 |5 05 537 06 55|18
1914 29 16 |7 29 33 |4 13 50 |7 53 47 |4 31 39 (7 45 40 | & O7 06 |7 05 15|19
20 (4 %8 167 30 58 (4 13 66 |7 54 05 (4 82 387 44 44 ({5 08 19 |7 03 3520
21 |4 27 1417 31 45 4 14 06 (7 54 20 |4 33 38 |7 43 55|5 09 31 (7 01 53|21
22 (4 26 15 |7 32 650 (4 14 17 (7 54 8314 34 89 (7 42 59 (5 10 45 (7 0+ 11 |22
23 )4 26 18 |7 33 54 |4 14 31 |7 54 44 | 4 35 42 (7 42 00 |5 11 58 |6 58 27 | 23
24 (4 24 24 |7 34 HT (4 14 47 |7 54 53 (4 36 45 (7 41 00 (5 13 11 (6 56 43 { 24
25 (4 23 31 |7 35 59 (4 15 067 54 59 |4 87 49 (7 39 58 |5 14 24 |6 B4 58 | 25
26 |4 22 41 |7 36 59 |4 15 257 55 03 (4 38 53|7 38 55 (5 156 37 (6 53 12 | 26
27 14 21 583 |7 37 59 )4 15 48|17 55 0514 39 59 |7 37 49|56 16 506 51 26 | 27
28 (4 21 06 |7 38 58 |4 16 12 |7 b5 04 |4 41 06 (7 36 41 (5 18 03 {6 49 38 (28
2014 20 22 |7 39 56 |4 16 39 |7 55 00 |4 42 137 35 31|56 19 16 |6 47 50 | 29
30 |4 19 40 |7 40 52 |4 17 08 |7 b4 5h |4 43 20 (7 34 20(5 20 29 |6 46 01 | 30
s ol 3o 3 AL R G U 1 R S e ws .o |4 44 277 33 O7T (B 21 4216 14 12| 31

250—17
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SEPTEMBER. OoTOBER. NOVEMBER. DECEMBER.
g Rising. Setting. Rising. Setting. Rising. Setting. Rising. Setting.
1907/ H. M. 8. |H M. 8 |H M. 8 H M 8 |H M S8 |H M B8 |H M. 8 |H M B8
1(6 22 65[6 42 21 |5 59 41 (5 45 06 (6 40 494 51 347 21 15(4 21 48
215 24 08|16 40 326 00 56 |5 43 12 (6 42 14 (4 50 07 |7 22 254 21 24
3|b6 25 216 38 40 6 02 12 |5 41 19 |6 43 37 (4 48 42|7 23 34|4 21 02
4|5 2 346 36 49 6 03 28 |5 39 26 |6 45 01 |4 47 18 |7 24 42| 4 20 43
5|5 27 476 34 5 |6 04 44 (5 37 33 |6 46 26 |4 45 56 |7 25 48[4 20 26
6)5 29 006 33 04 |6 06 0L |5 35 41 |6 47 H0 | 4 44 36 |7 26 53 |4 20 12
7|5 30 13(6 31 11 6 07 18 |5 33 496 49 14 14 43 17 |7 27 56 |4 20 01
815 31 26|16 29 17 6 08 35 |5 31 57 |16 50 394 42 00 |7 23 5684 19 B3
9|5 32 39|6 27 23,6 09 52 |5 30 07 |6 52 03 |4 40 46 )7 29 5814 19 47
105 33 62{6 25 20 |6 11 11 |5 28 17!6 53 2814 39 31 |7 30 56 |4 1Y 43
11 (6 35 06 |6 23 36 |6 12 29 |5 26 27 |6 54 51 (4 38 19|7 31 514 19 4
12 (5 36 18|6 21 4016 13 46 (5 24 386 66 15|14 37 037 32 4514 19 47
13 |5 37 316 19 45|6 16 v4 (5 22 50| 6 67 394 36 027 33 384 19 51
14 |5 38 44 (6 17 50,6 16 24 (5 21 03|6 59 01 |4 34 55(7 34 28 |4 19 B8
155 39 68 |6 15 54 |6 17 42 |5 19 16 |7 00 25{4 33 51 (7 35 17 |4 20 08
16 |5 4 116 13 59 |6 19 02 |5 17 30 |7 0L 48 |4 32 49 |7 36 034 20 21
1715 42 24 |6 12 036 20 2115 15 44 |7 03 10| 4 31 49 |7 36 47 |4 20 36
18 {5 43 3716 10 07 |6 21 41 |5 14 01 (7 04 32 |4 30 51 (7 37 294 20 55
19!5 44 50 |6 08 11 |6 23 01 |5 12 17 |7 05 53 |4 29 b5 |7 38 08|4 21 15
205 46 03|6 06 15 |6 24 2215 10 357 O 15|4 29 02 |7 38 454 21 39
2115 47 1716 04 1916 25 43 |5 08 53 )7 08 35 |4 28 11 |7 39 204 22 05
22 |5 48 31 (6 02 23 (6 27 03(5 07 1317 09 B4 |4 27 2217 39 524 22 33
23|15 49 44(6 00 27 {6 28 25(5 05 34 {7 11 1214 26 3|7 40 224 23 04
924 |5 50 58 |5 58 31 (6 29 47 |5 03 557 12 32 |4 25 50 |7 40 51 | 4 25 38
25|56 52 12|5H 56 36 (6 31 095 02 18 (7 13 504 26 057 41 1514 2¢ 14
2 |5 53 265 b4 40 (6 32 31 |5 00 42 (7 15 06 |4 24 29 |7 41 37 |4 24 52
27 |5 b4 41 |5 52 45 (6 33 53 (4 59 087 16 2214 23 52 |7 41 57 (4 25 82
28| b 55 65|65 50 50 | 6 35 16 |4 57 34 |7 17 37 |4 23 17 |7 42 14 (4 26 16
20 |5 57 10 |5 48 556 36 39 (4 56 027 18 Bl |4 22 45 (7 42 29 |4 271 02
30 |5 58 25|5 47 00 |6 38 03|44 54 317 20 04 |4 22 15 |7 42 41|44 27 49
SL |- B (e oot i 0 T R B [ e i 7 42 5114 28 39

F=1

DO O GO §

I Date.

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

R. M. STEWART.
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TABULAR STATEMENT OF LONGITUDE AND
LATITUDE OBSERVATIONS, 1906

BY

J. Macara.
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APPENDIX No. b.

TABULAR STATEMENT OF LONGITUDE AND LATITUDE OBSERVA-
TIONS.

Orrawa, ONT., March 30, 1907.

W. F. Kmg, Esq., B.A., LL.D.,
Chief Astronomer,
Department of the Interior,
Ottawa.

Sir,—I have the honour to transmit herewith a tabular statement of the differences
of longitude and the latitude results of stations observed in 1906. Annexed thereto
is, also, a description of the stations occupied.

A synopsis of the statement giving the longitude and latitude of the various
stations will be found on page 256.

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

J. MACARA.



DIFFERENCE OF LONGITUDE BETWEEN CLIFF ST. TRANSIT HOUSE AND DOMINION OBSERVATORY, OTTAWA.

ik g v o] Ve Crock CoRREOTION. DIFFERENCE OF LONGITUDE. ) 'l‘u;x %
of
Date. — = ; Trans-
‘Western Eastern Western | Probable Eastern | Probable | Western Eastern Mean Probable - IusARCRD
Signals. Signals. Station. Error. Station. Error. Signals. Signals. ; Error. g
1906. hhm s |h m = 8. 8 m. 8 8 8. 8, 8. 8,
May 3../0 0 101820 0 10-193 — 06698 + 005 —14'831 + 006 2049, 2060 2:054 +
w 13.. 45336 45337 —06°981 +:011 —b0-189 +°007 2:128 2:129 2:128 +
w 14, 48774 48799 —06:940 +°012 ~-b53°748 % 008 1966 1-991 1'978 +
w- 2L, 57927 67933 ~06°924 4009 -01 02:770 +°011 2:081 2087 2084/ +
n  23.. 59940 69945 —06°970 £°011| -01 04877 +°012 2033 2038 2036 +
& &
Observers { i k- M, BIEWART. Weighted Mean..... 2:058 008
8. 8, 8 s m., s, 8, 8 8. - 8. 8
May 15.. 63°180 53185 -06°822 + 016 — 58445 + 010 16567 1-562 1559 b o, T A iy (R S5
w 16.. 53304 53297 —06°678 + 007 ~ 58608 +°011 1374 1367 1°870 =013 ... o L A
v 17.. 63504 535610 —06°788 +°010 - b58°748 008 1'544 1:560 1547 +:013|...... AT e sl
v 18.. 62778 52765 -06:746 + 010 - 57987 +:012 15637 1-624 1-530 =i b R R 18 0 Talsere c
w19, 53746 563746 -06:719 + 008 -58 919 + 010 1:546 1:546 1°546 U e oL
n  20.. 67469 67 - 456 - 06627 +°010| —01-02'641 + 010, 1°445 1:442 1444 B 01%t,, .
W.—F. A, McD Weighted M, Rt R
.—F. A. MoDIARMID, eil BRIVE. o vas : +°
Obeervers{ 1V "2 41" Srawan. pERE e W 1776 £°006
A\ ClLff St. Transit House.6 02 b50°022 + 052
A Dominion Observatory..b 02 51°797 4052

JOIGALNI ARL 40 INARIAVIAA

8061 'V “lIA QYVMA3 8-



DIFFERENCE OF LONGITUDE BETWEEN NEW LISKEARD AND DOMINION OBSERVATORY, OTTAWA.

DIFFERENCE "
e (A Crook CORRECTION. D1r¥rERENCE OF LONGITUDE. Time
O a
Western Eastern Western | Probable Eastern Probable | Western Eastern Mean Probable mission.
Signals. Signals, Station. Error. Station. Error. Signals. Signals. St Error,
l
1906. m. 8, m, 8. 8. 8, 8. B. m. 8. I m, 8. m, 8. 8, 5 8.
June 2., 16 44'134/0 15 44°004 ~14°779 + 010 —-05-914 +-014/ 15 52°999; 15 b52:'869] 16 52:934 +°017 * 096 065
w 3...| 156 43'495| 16 43°376 -156°874 +018 -05°882 +°020 987 * 867 927 +027 - 089, 060
w 6...] 156 44°165 15 44:0562 ~-14°171 +-011 —06°544 +°008 792 679 785 | +-014 103! 057
w 8... 15 45'487| 15 45°367 -12°549 +-010 —~05°135 +°015 901 ‘781 841 +°018 003 060
w 9...| 156 47°916] 156 47'761 —09°820 + 010 —04°820 + 016 916 761 *838 +°020 *000) 078
w 10...( 15 45941} 15 45'812 —11-595 +°014 —~04°615 +-011 ‘921 792 - 856, +-018 *018! - 066
h. m. s 8.
Observers—W.—F, A. McDiARMID. . Weighted mean .. .. 15 52838 + 007
E.—R. M. STEWART. Personal Equation.... . *364 + 004
ADominion Observatory.... b 02 51°797 + 062
ANew Liskeard ........... 5 18 44:999 + 052

BGZ "ON H3IdVd TYNOISS3S

HANONOILSY AAIHO HHI A0 LYOdHY

162



DIFFERENCE OF LONGITUDE BETWEEN RIVIERE OUELLE AND DOMINION OBSERVATORY, OTTAWA.

A gggb?:ggfm_ Crook CORRECTION. DIFFERENCE OF LONGITUDE. Time
Date. = of
rans-
Western Eastern Western | Probable | Eastern | Probable| Western Eastern Méati Probable o mission.
Signals. Signals, Station. Error. Station. Error. Signals. Signala. * Error. ¥
1906 |h. m. s |h.m, s 8. 8. 8. 8. [(h. m. g |h. m 8. ,h. m. 8 8. B. 8.
June2l...[0 22 17°823/0 22 17°682 —29°099 +°013 —00°504 +-01010 22 46°418/0 22 462770 22 46°348 + 016 054 ‘070
w 25... 22966 92-812 —30° 095, + 008 - 06588 + 009 46°473 46°319 46°396 + 012 006/ 077
w 27... 53'114 52982 +03° 256 + 006 —03°325) + 010 46533 46 401 46°467 + 012 065 079
w 29... 06 215 06096 -39-970 +°016 +00°266 +°012 46451 46°332 46'392] + 020 010 060
h. m. s 8.
Observers—-W.—R. M. STEWART. Weighted mean............ 0 22 46°402 + 009
E.—F. A, McDiarMID, Personal Equation.......... — ' 364 +°004
ADominion Observatory.... 5§ 02 51797 +-052
ARiviére Ouelle...... ..... 4 40 05:759 +'062

5%

dJOIYALINI AHL 40 INARIIVIEA

8061 'V “JIA QHVYMO3 8-Z



DIFFERENCE OF LONGITUDE BETWEEN MANIWAKI AND DOMINION OBSERVATORY, OTTAWA.

BGZ '°N H3dVYd TVYNOISS3S

= g;?:»?gggfm. CLOOK CORRECTION. D1¥rERENCE OF LONGITUDE. Time
Date. —" T:’:m_
Western Eastern Western | Probable | Eastern | Probable| Western Fastern Mean Probable o mission,
Signals. Signals. Station. Error. Station. Error. Signals Signals. * Error. ¥
1806, m. 8. m. 8. 8. 8. 8. 8. m. 8, m. 8. m. s, B. 8.
July 6.. 51°993 651917 =~10°700 +'010 — 290 + 011 1 02°403 1 62327 1 02°365 k172, (R 038
" (ol 54987 54889 ~07°"944 +:012 - 410 +-011 1 02521 1 02-423 1 02-472 et D1 A 049
w o 9. 1 02727 1 02-6b4 - 234 +:018 ~ 497 + 008 1 02464 1 02391 1 02-427 0000, ... h 037
h. m. s 8.
Observers—W.—F. A.McDIARMID. Weighted mean.... ....... 1 02'418 + 009
E. —R. M. STEWART. Personal Equation.......... 864..........
! ADominion Observatory.... 5 02 51°797 + 052
NN BB o T 5038 54'B79 1052

JENONOYLSY AAIHO AHL A0 LI0dTT



DIFFERENCE OF LONGITUDE BETWEEN BOUNDARY AND VANCOUVER.

b gg;g’rfgé“:fm_ CLOCK CORRECTION. DIFFERENCE OF LONGITUDE. Time
Date. —_ — — —_— Tx:,i:s-
Western Castern Western | Probable Eastern Probable | Western Eastern Mean Probable mission.
Signals. Signals. Station. Error. Station. rror, Signals. Signals. | Error.
1906. h.m. s h.m. s m. 8 8 m s, hom = hm s h.m, s 8. 8.
Aug. 22..1 111 50°247{ 1 11 49°790! 1 29 856 +°023 1 11-413 4028 1 11 31-804] 1 11 31°347j 1 11 31576 - = 219
w 26.. 11 80723 11 30°284 21426 +°010 22472 +°013 769 *330 *549 . 37 *219
w THp 11 14:084| 11 13°635 12309 4010 30-087 +-:010 862 ‘413 637 e 224
w  29.. 10 57°959) 10 57 516 00° 385 4020 34°271 + 012 *84b) 402 * 823 ey +221
w  3l.. 11 08'610] 11 08°203 13281 + 010, 36537 + 010 866 459 *662 = 203
Sept. 2.. 11 05°078| 11 04°657 12°846 +:013 39°483 +°010 ‘716 *294 505 o ‘211
h.

Observers—W.—F. A. MoDIARMID.
E. —Orto KLorz.

Weighted mean...,........
AVancouver, ..
ABoundary ...

ctesecsse wae

cesrsanse o

8061 'V “IIA QHVYMQA3 8-

YOIYAINI AHE A0 INARLYVIAA



DIFFERENCE OF LONGITUDE BETWEEN BOUNDARY AND FORT EGBERT.
o %{fgggggm_ Crock CORRECTION, DIFFERENCE OF LONGITUDK, Time
Date. —_— Tr(;fns-
Western Eastern Western | Probable| Eastern | Probable| Western Eastern Mean Probable miigsion.
Signals. Signals. Station. Rrror. Station. Error. Signals, Signals. - T,
1906, 8. % m. & [
Aug. 19.. 48°145 48:145 —3 446 1 34'7T44 = 010 50 045 50045
n 22, 41-291 41-201 ~1°837... 29434 + 014 49°980 49980
n 23.. 37°182 37°182 ~0°316. 26°837 +°019 49-971 49°971
w 25. 277568 27762 +3:654]... 21408 + 010 49996 49992
w 28.. 10'077 10°077 +6°949 06° 941 + 009 49915 49°916
w  29.. 02057, 02065 00°712 + 020 B0 080 50°072

+8°575)

Observers—W.—EDwIxn SMITH,

E. —F.

A. McDIARMID.

Mean (
AFort Egbert .. 9 24 "50°068
hBoundary ..... 9 24 00060

BGg "ON H3dVd TVYNOISS3S

HARONOYISY AAIHD AHI 40 I40dHT



LONGITUDE AND LATITUDE OF STATIONS OBSERVED IN 1906.

Difference of

Place Longitude To Longitude Longitude Latitude
h. m. 8 h m. 8 o ’ M e ’ ” ”

Dominion Observatory..... 1-7756 |CLiff St. transit house. .. 5 02 51'797 75 42 56°96
New Liskeard..... ....... F 15 53:202 |Dowminion Qbservatory...... 5 18 44-999 79 41 14-99 47 30 33°68 + ‘12
Riviere Quelle ........ o yad 22 46°035 " " el 2 4 40 05°759 70 01 26-39 47 29 0486 + 11
Mabiwakii.n. . =00 o o 4 1 02:782 " " b & 5 03 54679 75 58 3869 46 22 28°40 + 13
Botndary . v ot o laer 1 11 31'696 |Vancouver (1900).. ... .... *9 "23 59°970 140 59 59°56 64 40 51°42 + ‘16

" i ke Fas 1 11 31-59 " 1905). .... AP, *9 24 00°057 141 00 00-86 A I e e s

B 4 edv s TRV Wn Kol heread 49998 Fort Egbert......... ...... *9 24 00°060 141 00 0090 0 sl o ee S ISt R
Vaneonver i o e it el s SRR 2 oy wie B o i S N A N | e S e % ket g 49 17 46°07 + °13

* Adjusted Longitude, 9h. 24m. 00°027s.

8061 'V “lIA gHVMQA3 8-L

HOIGAdINI GHE 40 INARIIVIAA
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LOCAL POSITIONS OF ASTRONOMICAL STATIONS.

Dominton Observatory.—The reference point of the longitudes observed in 1906
is a temporary transit house, the meridian of which is 0%-12 east of the centre of the
dome of the observatory.

New Liskeard—The observatory pier is 95-5 feet south and 836-6 feet west of an

iron post which is 145 feet S. 5° 20" W. of the southwest corner of the Temiskaming
and Northern Ontario Railway station house,

Riviére Ouelle.—The observatory pier is 18-7 feet south, and 180-3 feet east of
the first mooring post on the east side of the wharf, It is also about 70 feet from the
Intercolonial Railway crossing at the end of the wharf.

Maniwaki.—The observatory pier is 112-8 feet south and 69-8 feet west of the
southwest corner of the Canadian Pacific Railway station house.

Boundary.—The observatory is on the south bank of the Yukon river and is 352
fget east of the ¢ Ogilvie Line’ and about 20 feet south from the shore of the Yukon
river.

Vancouver—The observatory is at Brockton Point in Stanley Park.



