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THE SPECTROSCOPIC SYSTEM THETA OPHIUCHI
BY F. HENROTEAU, PH.D.

The star 8 Ophiuchi (@ = 17" 15™.9; § = —24° 54’) was discovered by the writer
to be of the 8 Canis Majoris type!. It was already mentioned as situated in one of the
_ most beautiful regions of the sky, and its position at the intersection of well-marked
dark currents is significant, suggesting that stars of this type are situated in the midst
of large clouds of nebulous matter. Possibly the rapid shift of the spectral lines is due
to the influence of these clouds or it is merely the effect of the semi-giant nature of these
stars, having densities and periods of rotation so related, that free rotation would give
the star a Jacobian ellipsoidal shape. It may be that a combination of these conditions
is responsible.

The spectrum of 6 Ophiuchi has rather diffuse lines and is much poorer than that
of 5 Ceti or of 8 Canis Majoris. The rather large southern declination also prevents
adequate study of the star here at Ottawa. The front page photograph was taken by
Mr. Thorn with our Zeiss camera (lens, four inches aperture and twelve inches focal
length) with an exposure of two and a half hours on June 19, 1922. The very bright
object on this photograph is the planet Mars, which at the time was nearly in opposition.
The two dark lanes that seem to extend from 8 Ophiuchi on the left and on the right are
conspicuous. Theta is the bright star at the centre of the plate.

In the present spectroscopic study in which Mr. J. F. Frédette’s assistance is
acknowledged it is found that 8 Ophiuchi is definitely to be classified among the stars of .
the 8 Canis Majoris type, but the object of the paper is to show the great probability
that many of these stars are connected with extensive absorbing clouds. The idea that
nebulous clouds have a certain role in the mechanism of stellar systems is not new and
it is interesting to refer here to the article ‘“Nebulous Double Stars’2, by Miss Clerke.
This great English woman, who has given us in her books a wonderful conception of
modern astrophysies, advanced the proposition that nebulous matter would have largely
to be considered in sidereal dynamics.

Among the principal paragraphs of Miss Clerke’s article we might cite the following:

(1) “At last we seem to be fairly confronted with the pregnant question whether nebulous matter can effec~
tively impede motion. It has long been hovering on the verge of astronomical consciousness. Stars plunged in
diffuse nebulosities could not be supposed stuck fast like fruits in a jelly; but their velocities, and the changes
possibly impressed upon them, remained conjectural.”

(2) “Chiefly through the researches of Professors Frost and Adams, with the Bruce Spectrograph, into the
radial velocities of stars of helium type, we have been made acquainted with at least seven swiftly circulating pairs,
the actual envelopment of which in nebulogity is scarcely open to question. We have accordingly, to choose between
two alternative views. Either such systems are not destined for permanence, the canker of a resisting medium
lying at their root; or matter can exist in the state of frictionless fluid.”

tPub. Dom. Obs., Vol. V, p. 343.
2The Observatory, Vol. 27, 1904, p. 303.
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(3) “Most of our readers still vividly recall the surprise which greeted the announcement, in 1885, that Maia
(20 Tauri) in the Pleiades appeared on the Henry plates of four hours exposure to be adorned with a nebulous appen-
dage in the shape of a squirrel’s tail. Professor Adams now enrols the star among close binaries”

(4) “And a range of 50 kilometres has since been determined for changes in the velocity of ¢ Scorpii by Mr.
Slipher, of the Lowell Obgervatory. This star was described by Professor Barnard in 18972 as forming the nuecleus
of a conspicuously denge region of the great nebulous ficld centered on 6 Ophiuchi. Prongs of inchoate stuff extend far
to the north and southwest of the spectrostopic bingry, and may be inferred to issue more or less immediately from it.”

(6) “Seven star couples are thus so far known to eirculate rapidly in a nebulous medium; the circumstances
of their revolutions have, however, still to be ageertained; and the critical details will need careful and unprejudiced
congideration. The supposgition is admissible that the widening of their orbits through tidal frietion might, for a
long time, serve to neutralize the accelerative effects of resistance, if resistance to their motion be indeed offered.
But the equilibrium would not be permanent; the momentum of the system would be subject to a two-fold waste;
and eventual collapse should ensue. Only its postponement could, in this way, be brought about. The alternative
hypothesis that nebulous matter does not, in any degree, check motion, though strange to our experience and be-
wildering to our eonceptions, should not therefore be peremptorily rejected. Strictly terrestrial ideas of what is
possible inevitably widen in scope as we search the skies.”

A fairly large number of stars of the 8 Canis Majoris type have now been found,
all of them in or near the Milky Way; one of these, ¢ Scorpii, which was mentioned by
Miss Clerke as most likely plunged in an enormous nebula, seems to show us surprising
anomalies in its motion.* In ¢ Ophiuchi we have an instance strongly suggesting nebular
influence. At present a great deal of doubt exists as to the very short-period binary
nature of the stars of the 8 Canis Majoris type, involving two bodies performing one
revolution around their common center of gravity in four or six hours. In explanation
of the nature of the phenomenon producing the oscillations of the spectral lines, two
hypotheses now present themselves. It may be an effect of the giant size of stars, bodies
of exceedingly large volumes and low densities, or it may be due to the influence of nebu-
lous or other material forming extensive surrounding clouds. Perhaps both ecircum-
stances contribute.

_ A study, undertaken here, of later class giant stars has not yet indicated very rapid
radial velocity variations, particularly among those away from the Milky Way. Few
stars as late as Class F have been identified with the 8 Canis Majoris type and they usually
have rather diffuse lines. Among them we might mention + Cygni and & Aquilae (the
latter having been discovered by the writer) both in the Milky Way. The surroundings
of § Aquilae on Barnard’s photographst are indicative of absorbing matter. A most
remarkable fact found on some plates taken here is that the little stars which surround
7 Cygni seem to be disposed in three spiral branches originating at r and extending in
the same direction. The vacant spaces between the three spirals seem to be nebulous;
a photograph from a large reflector of this field would, however, be required to ascertain

this.
It is of interest to consider what might be the influence of an interstellar cloud on

the motion of a giant star which it surrounds.

The problems of gravitational attractions, even when not complicated by other
influences, are so difficult that celestial mechanics has only been able to solve the very
simplest of them. Probably the density of an interstellar cloud is very small, so that

lAp. J. Vol. 19, p. 341. See also Pub. Dom. Obs., Vol. V, p. 50.
2Pop. Ast., Sept. 1897, pp. 229, 232.

Pub. Dom. Obs., Vol. V, p. 303.

‘Pub Lick Obs,, Vol. XI, 1913, plate 67.
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its resistance to the motion of a body is almost negligible. Its total mass, however,
must be considerable, and it is not impossible, on account of the form taken, frequently
long and narrow lanes, that it would have a great influence on the shape of the body.
The latter possibly assuming a spherical shape, if isolated in space and devoid of rotation,
would alter this shape considerably when plunged in one of the cosmic nebulosities or
acted upon by dense stellar clouds of the Milky Way. Planetary nebulae, for instance,
are usually not spherical and an idea of their appearance may be gathered from the very
interesting memoir of Dr. H. D. Curtis on these objects.!

As only sufficient data have been obtained to suggest further study of § Ophiuchi
by observers more favourably situated, no theory will be developed here. In a paper
on B Canis Majoris some mechanical suggestions will be brought forward.

The table of radial velocities of § Ophiuchi obtained here is now given; it is followed
by‘the detailed measures of some of the spectrograms.

'The Planetary Nebulae, Pub. Lick Obs., Vol. 13, part II1.
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RapIAL VevLocrries oF 6 OpHIUCHI

Date Julian Day Velocity
km.

1920, June 13......... .. ... .l A e T e Ce s it merad e 2492489 . 683 — 6.2

-707 —16-4

-732 — 4.1

: -806 +17-5

1922, June 4......c.ci0ceiesibinaranigs G (AR AR oo e 2423210-665 —-15.8

-693 — 4.1

<718 - 5.9

743 —17-9

771 —21-8

Jiime A2 o bl Wl Wt B, T BESeeenl e S TR R, 218-615 - 9.3

-663 —14-9

-685 — 8-9

-703 - 2.0

<722 - 6-7

=742 —15-2

Janet LG o s e R R ) S e Tl R RN ra reoa il 9295.608 - 2.8

-658 -10-3

-876 -17-8

1694 —30-2

-712 —-20.2

731 -18-9

751 -22.7

773 -23-0

4 137, 100 TR SN IS g SO Pt e o Sl © P S Bl st e T 229-581 + 2-0

601 - 21

-654 —20-9

695 ~17-3

| <721 —20-9

VLT s S e e R i o ML ot A B ST 232583 —28-8

-599 . -19.5

-614 —27.7

652 —25-3

-667 ~23-6

-683 -21-5

722 + 4.8

10 e o [ o T E, ot o o8 o o 238-581 —32-1

-601 —-12-0

£ oo 1 T ity 11 1 ol 8 241.562 —~29.0

577 - 7.7

-605 - 79

-619 - 09

-656 —23.1

-671 ~26-5

-688 —37-0

-708 -22.2

The above observations of 1922 apparently determine a velocity variation whose
period is 04.28620. Taking the epoch J.D.2423210.705 as maximum and plotting the
observations according to the period we obtain the accompanying curve.
circles indicate the best observations. The numbers 1 to 7 indicate, respectively, the

The black

observations from June 4 to July 5. the same number being used for the same day.
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The observations of 1920 together with the accompanying velocity curve seem to
indicate that a large variation of mean velocity and perhaps other complications have
to be expected.

If the above velocity variation indicated by the curve was due to the motion of one
of the components of a short-period binary system, the orbit would apparently have a
fairly large eccentricity.

In the following detailed measures of some of the spectrograms, the principal lines
corresponding to the micrometer readings can be identified by using the table given in
the article on § Ceti.!

tPub. Dom. Obs., Vol. V, p. 419.
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DrTAILED MEASURES OF SOME OF THE SPECTROGRAMS

Plate 10728
1922 June 4-665

3

Plate 10729
1922 June 4-693

Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
53-740 ~18.7 5 : 35-800 + 3-8 1
58.446 —17.-4 4 ) 37-544 — 5.8 1
58.964 —27-5 1 46-234 —12-7 1
65-674 —27.2 1 B 50-905 — 34 1
67-338 ~13.9 2 g 53-748 — 9.4 6
76-335 —~20-7 1 ! 55-296 —-20-2 1
:, 58-458 — 2.5 3
{
Weighted mean -19-0 i Weighted mean - 7-3
Va + 3.4 Va 4+ 3.4
vd + 0-1 vd + 0-1
Curv. - 0-3 Curv. - 0-3
Radial velocity -15.8 Radial velocity — 4.1
Plate 10730 Plate 10731
1922 June 4-718 1922 June 4-743
Reduced Reduced
micrometer Velocity Weight wicrometer Velocity Weight
reading km. reading km.
37-529 —20-2 3 28-082 -~11.3 1
39-389 —28-4 1 34-302 - 5.6 1
46-231 —-15-9 1 35-773 —21.6 1
50.-904 — 4.5 3 37-532 —17-3 1
53-751 — 5.8 5 46-226 —20-1 1
58-458 — 2.5 3 50-892 ~18.1 3
63-455 + 1.3 1 53-730 —30-4 4
58-444 ~19-8 2
76-363 —23-8 1
Weighted mean - 9.0 Weighted mean -21.0
Va + 3.4 Va + 3-4
Vd 0-0 vd 0-0
Curv - 0-3 Curv. - 0-3
Radial velocity - 5.9 Radial velocity —-17-9
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DETAILED MEASURES OF SOME OF THE SPECTROGRAMS—Continued.

Plate 10732
1922 June 4-771

Plate 10778
1922 July 5562

Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
35.776 —18.8 1 37.521 —22-1 1
46-215 —26-5 3 50-891 —19.2 1
49.432 —29-1 2 53743 —24.6 2
50.-875 —37-3 1 58-445 -21-1 2
53738 -21-1 5 58.992 + 7.5 1
58-434 —32-2 3 70-229 — 1.4 1
64568 —26.8 1 76329 —30-2 1
70.222 —13.0 )
76-334 —22.3 1
Weighted mean ~24.8 Weighted mean —17-4
Va + 3-4 Va —11.5
vd -~ 0-1 vd + 0.2
Curv. - 0-3 Curv. — 0-3
Radial velocity ~21-8 Radial velocity —29-0
Plate 10779 Plate 10781
1922 July 5-577 1922 July 5-605
Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
35-796 - 28 1 28-080 —13-0 1
46-220 —21-2 1 34-283 —23.2 1
50.911 + 3-4 2 37555 +10-6 1
53-756 + 2.3 1 46-258 +19-1 1
58-471 +12.4 4 50-910 + 2.3 4
59.013 +33-8 1 53-757 4+ 3-5 2
63-798 + 9-4 1 58-456 - 6.2 2
70-211 —29.0 1 70255 +36.2 il
76363 +23-8 1
Weighted mean + 4.1 Weighted mean + 4-1
Va —11-6 Va —11-6
vd + 0-1 vd + 0-1
Curv. -~ 0-3 Curv — 0-3
Radial velocity - 7.7 Radial velocity - 77
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DeTAILED MEASURES OF SOME OF THE SPECTROGRAMS—Concluded.

! Plate 10782 Plate 10783
1922 July 5-619 1922 July 5-656
Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading ; km.
31.-754 +25-2 1 46-232 — 85 1
35-785 —13-2 2 50-915 79 2
37-574 +28-8 1 53-716 —44.5 2
46262 +23-3 2 58-455 — 8.7 4
50-916 + 9-0 3 76-351 4+ 4.8 1
53.763 +10-5 2
58-470 4+ 9-9 4
76-357 +14.3 1
Weighted mean +11.0 Weighted mean —11-2
Va —-11-6 Va —11.6
vd 0-0 vd 0.0
Curv. - 0-3 Curv. - 0-3
Radial velocity ~ — 0'9 Radial velocity =~ —23-1
Plate 10784 Plate 10785
1922 July 5-671 1922 July 5-688
Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
52.473 —38.0 2 46-227 —13-8 i
53.760 + 70 2 53-739 -~17-6 1
58.460 - 2.5 2 58-437 -31-0 3
58.957 —35-0 1 76-332 —25-4 1
Weighted mean —14-6 Weighted mean —25-0
Va —11-6 Va —11.6
vd 0-0 vd - 01
Curv. - 0-3 Curv. - 0-3
Radial velocity —26-5 Radial velocity —37-0

All qualities of spectrograms obtained here for § Ophiuchi are represented in the above

measures.

Dominion Observatory,
Ottawa,
August 28, 1922,
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LOCATION OF EPICENTRES, 1920

Herewith is issued the list of epicentre locations for the year 1920 in continuation of
the series whieh has been published annually by the Dominion Observatory since 1911.
The location work, although still somewhat in arrears, is rapidly being brought up to date
through the codperation of the different stations in furnishing delayed seismic bulletins
as well as their current numbers.

It is to be noted that the accompanying list is restricted to earthquakes of which at
least a trace was registered at Ottawa. The method of tabulation is the same as that
employed in previous issues. The first column gives the date and the Ottawa serial
number of the earthquake, while column 2 contains the list of stations whose data were
utilized in the location of the epicentre, except when the collected data are either insufficient
or too discordant to permit of a location, in which case the words “No Location” are
entered. Attention is drawn to the fact that the O’s and A’s, appearing in columns 3
and 4, respectively, are computed at Ottawa on the basis of the Klotz tables, and, although
the values so obtained are not always in agreement with those given in the seismic bulletin
of the stations in question, they are accepted as correct in order to secure uniformity in
the location work. In some instances a station supplies a value for S preceded by an e
reading, in which case the ¢ is treated as P and a determination made for O and A, and
if these are found to be in agreement with the accepted O and location, then the station
and the derived results are incorporated in our tables. Occasionally too, a station
furnishes a value for A without giving a reading for P or S or both, and if the distance
quoted is that from the station to the determined epicentre, then we list the station in
column 2 and the A in column 4; but if the distance is obviously in error, then the entries
are made in the last column, which contains data available but of no utility in the deter-
mination of an epicentre. The geographical coérdinates of the epicentre are given in the
fifth column along with the accepted value of O, which, generally speaking, is the average
of the O’s given by the stations. In those cases where an epicentre is located either by
press report or by any one or number of stations, the same is noted in column 6.

One earthquake, viz. No. 1112, appears to be double, and as separate locations are
given, this brings the total for the year up to 90. Of these 41 were located with consider-
able accuracy, while 11 others afforded approximate locations and 4 of those remaining
were assigned doubtful locations.

In preceding issues mention has been made of what appears to be a new seismic
region in the Atlantic Ocean just off the northeast coast of South America. Nos. 1131
and 1136 of this series are further instances of continued seismic activity in this area.
In connection with this appearance of new earthquake regions, special mention is made
of No. 1132 which definitely yields an epicentre in the Arctic zone a locality which
heretofore has not been considered as seismic.

47775—2
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Location BY Krotz STEREOGRAPHIC METHOD
No. 1064
1920

Special attention is called to quake No. 1064 of Feb. 22. In the accompanying
sketch it is readily seen that the three eastern stations, Manila, Batavia and Osaka,
give an epicentre whose coérdinates are 47° N and 134° E., while the western stations,
Georgetown, Harvard and Ottawa, indicate an approximate location at 53° N. and
151°.5 E. The European or central stations, Hamburg, Wien and Naples, are in agree-
ment with both of these determinations so that it would appear possible that a fault line
extends between these two sets of codrdinates, or that two simultaneous quakes occurred
at the determined epicentres.

DominioNn OBSERVATORY, OTTAWA, September, 1922.
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LOCATION OF EPICENTRES, 1920

Date Station (0] A Epicentre Other Locations Other Data
Jan. 4 Ottawa,...... .| 4-22-03 3440 ¢ =19°N Harvard gives Victoria 3170
1055 Georgetown. . . 4-21-43 3140 A =96°-5W Vera Crusz,
Ithaca........ 4-22-06 3140 0 = 4-2149 Mexico.
Denver....... 4-20-59 2440

Spring Hill....| (4-23-48) (1390)
Cheltenham...| 4-21-37 3040

Tueson....... 4-21-11 2080
Harvard...... 4-21-54 3530
LaPaz....... 4-22-01 5040
Toronto...... 4-20-48 3600
Jan. 30| No Location La Pasg gives Ottawa 3820
1056 Minas Geraes, Stonyhurst 3700
Brazil. Harvard (4790)
Toronto 4560
La Paz 2650
Georgetown 4100
Jan. 30 No Location Sydney 3580
1057 Honolulu 1620
Feb. 2 Batavia....... (11-21-48) (5340) | ¢ =6°8 A Wien 11000
1058 Melbourne....| 11-23-02 3420 A =153°-5 E Lemberg 10180
Zi-ka-wei 11-22-09 5140 0 = 11-22-12 Coimbra 10540
Sydney....... 11-22-27 2970 Algiers (8060)
Vietoria...... 11-22-19 9790 Hamburg 7320
Manila....... 11-21-26 4220 Osaks, 7840
Strasbourg 4800
Harvard (13400)
Tokio 440
Toronto  (11030)
Georgetown 7320
Budapest 11980
Naples 10080
Cartuja 10780
Feb. 7 Algiers....... 11-50-27 3450 ¢ = 64°N Coimbra (2250)
1059 Hamburg..... 11-50-41 2670 A =30°W Cartuja 2500
Strasbourg....| 11-50-14 3000 0O = 11-50-25 3
Harvard...... 3720
DeBilt........ 11-50-29 2570
Besangon...., 11-50-14 2930
Feb. 8 No Location Perth 1600
1060 Sydney 3600
La Paz 10390
Feb. 10| No Loeation Melbourne 2980
1061 Perth 6000

Honolulu 5000
Sydney 2770
Victoria 4180

47775—23%
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LOCATION OF EPICENTRES, 1920

Date Station 0 A Epicentre Other Locations Other Data
Feb. 10 | Ottawa 22-07-22 2900 ¢ =19°N Marseilles 6640
1062 Halifax 22-07-12 2740 A =59°W Honolulu 7850
Coimbra...... 22-07-19 5930 0 = 220722 Barcelona (2260)
Ithaca...... 5 22-07-25 2720
Algiers. ..., ... 22-07-12 7150
Hamburg..... 22-07-40 7370
Spring Hill 22-07-24 2570
Cheltenham 22-07-50 2490
Tucson....... 22-07-03 4400
Harvard......| 22-07-32 2430
Toronto...... 22-07-22 2990
La Paz.......1 22-07-00 3810
Georgetown...| 22-07-03 2500
Dyece......... (22~08-01) (6400)
Vietoria,..... 22-06-26 5850
DeBilt........| 22-07-52 6920 .
Naples....... 22-07-39 7800
Cartuja....... 22-07-14 6550
Feb. 12 | No Location Harvard 2760
1063 La Paz 6540
- Georgetown 2440
Feb. 22 | Ottawa....... (17-35-58) (8120) ¢ =51°N Osaka gives, Algiers. ... (1840)
1064 Wien......... (17-35-39) (7920) [ A = 143°-B E “Off east coast Honolulu  (1120)
Batavia.......| 17-35-44 6520 O = 17-85-35 of Yezo” Strasbourg 2470
Hamburg..... 17-35-42 7600 Location La Paz 13400
Osaks, (17-35-56) (1490) | doubtful Victoria 1690
Harvard...... 17-35-40 8580 Barcelona 10820
Sydney....... 17-34-04 9300 Cartuja 8850
Georgetown 17-36-01 8580 Besangon 7050
Manila 17-35-39 3780
Naples....... 17-35-31 8600
Feb. 28 | Coimbra...... 18-40-52 9050 ¢ = 16°8 Harvard (6150)
1065 La Paz....... 1841-08 470 A =72°.6W Ottawa (5000)
Georgetown 18-40-29 6150 O = 1840-50
Mar. 9 No Location No daia.
1066
Mar. 10 | No Location No data
1067
Mar. 15 | No Location Ottawa 9860
1068 Honolulu 2010
Harvard (11955)
La Paz (8810)
Sydney 2680
Toronto (8330)
Victoria 7420
Mar. 19 | No Location No data

1069
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=
LOCATION OF EPICENTRES, 1920
Date Station (8] A Epicentre Other Loeations Other Data
Mar. 20 | No Loeation Ottawa: (4920)
1070 Tueson 1120
Mar. 20 | No Location Ottawa 9560
1071 Data Coimbra 10220
discordant Georgetown 9060
: Ithaca 9090
Algiers (6920)
Melbourne 6440
Porto Rico 7300
Cheltenham 8660
Harvard 10600
La Paz 4630
Sydney 8220
Toronto 11460 °
Victoria 8000
Barcelona 11990
Cartuja  (12600)
Mar. 22 | Perth ’ 3500 ¢ =9°.58 Honolulu 2660
1072 Sydney....... 1-3843 2940 A =139°-5E
O = 1-38ca
Rough
approximation
only
Mar. 22 | No Location Coimbra (8600)
1073 Data Perth 5600
discordant Honolulu 1800
Harvard (11370)
Sydney 3410
Cartuja 10200
Mar. 23 | Ottawa....... (15-21-53) (3400) { ¢ = 14°N Coimbra 6710
1074 Georgetown 152144 3270 A =89°-5W Harvard (5760)
Algiers. . ..... (15-22-20) (9000) | O = 15-21-55 Toronto (5440)
Hamburg. .... 15-22-02 9210
Cheltenham 15-21-16 3410
Honolulu..... 15-22-07 7250
LaPaz....... 15-22-06 4130
Mar. 29 | Ottawa....... 5-07-50 3780 e = 51°N Coimbra (5200)
1075 Georgetown. 5-07-53 4050 A =130°5W Cheltenham 7480
Ithaca........ 50743 4010 0 = 50741
Algiers. ...... (50743) (9480)
Hamburg..... 5-07-43 7920
Denver 5-06-59 2440
Tucson....... 5~07-46 2770
LaPaz,...... 5-07-50 9610
Victoria. ..... 630
April6 | Ottawa....... (16-43-22) | (3800) | ¢ = 20° N
1076 Georgetown...| 16-42-38 3750 A =38°W
LaPaz.......| (16-42-13) (5990) 0O = 164244
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LOCATION OF EPICENTRES, 1920

Date Station (o] A Epicentre Other Locations Other Data
April 11 | Georgetown...| (23-03—41) | (9120) | ¢ = 48° N Stonyhurst 2660
1077 Hamburg..... 23-03-45 8120 A =154"E Honolulu 2290
Tokio........ 1780 O = 23-03-43 Zi-ka~wei 2290
Besangon..... 23-0345 8940 Sydney 8200
Batavia 6660
Manila 2410
April 16 | No Location Harvard (8300)
1078
April 18 | No Location Cheltenham 1290
1079 s
April 19 | Ottawa.......| 21-06-26 3420 ¢ =19°N DeBilt reports, Stonyhurst 3240
1080 Coimbra 21-06-26 8640 A =97"W “Felt in Mexico” | Spring Hill (1280)
Georgetown.. .| 21-06-18 2980 0 = 21-06-33 Harvard 2520
Ithaca........| 21-06-11 3190 Toronto 2590
Algiers.......| 21-06-43 9300 Victoria 2030
Cheltenham 21-06-22 2930
Tucson....... 21-06-19 2170
Porto Rico....| 21-06-47 3200
Honolulu..... 21-07-05 6000
Hamburg..... 21-06-24 9510
La Paz....... 21-06-30 4820
DeBilt........ 21-06-43 9060
Naples....... 21-06-55 10050
Cartuja....... 21-06-35 9120
May 7 | Wien......... (5-41-45) (9600) | ¢ = 35°-5N Batavia and Coimbra  (7520)
1081 Hamburg..... (5—42-05) (9350) | A =150°E Sydney record a Stonyhurst 5320
Zi-ka-wei.. ... 5-40-47 2650 O = 5-41-38 shock at approx- | Honolulu 9020
Budapest.....| 541-57 9400 imately one Tokio 2440
minute earlier, Victoria 7440
possibly in the La Paz (16750)
southern Perth 2300
Philiprines. Algiers (6530)
Manila reports Sydney 5080
epicentre at Batavia 2600
E. Mindanao DeBilt (7980)
Cartuja (9500)
Naples 4220
May 7 | Honolulu..... 21-32-15 5540 ¢ =858 Sydney gives, Wien (13000)
1082 Osaka........ 21-31-21 5680 A =158E o =8%88 Strasbourg 2160
Tokio........ 21-32-05 4740 0 = 21-31-12 A =14°E Harvard  (12300)
Perth......... 21-30-24 5280 Victoria 5230
Zi-ka-wei. .. .. 21-31-06 5860 Naples (1480)
Sydney....... 21-30-42 2920
La Paz....... 14800
Batavia....... (21-30-59) (55650)
Melbourne 21-31-0 3420
Berkeley...... 21-31-00 10020
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LOCATION OF EPICENTRES, 1920

Date Station (o) A Epicentre Other Locations Other Data
May 8 No Location No data
1083
May 8 No Location No data .
1084
May 26 | LaPaz....... 12-22-15 10680 These three Coimbra  (11550)
1085 Sydney....... 12-21-41 4050 stations indicate Honolulu 1120
Batavia....... 12-24-09 7580 an epicentre in Strasbourg (1070)
a vicinity just Harvard  (8900)
east of the
Fiji Is.
O = 12-22¢a.
June 2 Denver....... 22-06-51 270 ¢ = 41°.5 N
1086 Georgetown (22-13-58) (2320) | A = 104°W
Victoria. ..... 220648 1710 O = 2207ca.
Harvard...... (22-12-35) (2733)
Berkeley ... ... (1900)
June § Athens....... 4-21-05 9250 o =32°N Ottawa (8800)
1087 Berkeley...... 4-22-08 9540 A =117°5E
d 7116 ¢ SR 4-22-15 9520 O = 4-22ca.
Cartuja....... 4-22-34 10120 Location
Naples....... 4-20-48 9340 approximate
Besangon... .. 4-22-07 9380
Honolulu.. ... 4-22-13 8850
Osaka........ ' 2040
Zika-wei.. ... 4-21-27 860
June 9 | Honolulu..... 11-3040 8440 ¢ =4°8 Sydney and Coimbra 10850
1088 ka-wei.. ... 11-30-35 2880 AN =129°E Batavia report Wien (10400)
Sydney....... 11-30-15 3940 O = 11-30-33 quake felt on Strasbourg 7780
Batavia....... 11-30-32 2510 I. of Amboyna Vietoria (3980)
Melbourne 11-29-58 4020 Tokio 1060
Manila....... 11-31-17 1890 Perth 4820
Harvard 13000
La Paz 16040
Hamburg 10000
Lemberg 6450
June 18 | Victoria...... 1740 ¢ = 33°N Victoria reports Georgetown (1810)
1089 Berkeley...... 10-08-06 545 A =120°W quake felt at Harvard 1560
O = 10-08 ca. Los Angeles
June 22 | Georgetown. (3940) | ¢ = 41°.5 N
1090 Harvard...... (3866) A = 124°.5W
Berkeley ... ... 24803 560 Loeation
approximate

0 = 2-48-03
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LOCATION OF EPICENTRES, 1920

et
Date Station 0] A Epicentre Other Locations Other Data.
July 2 Honolulu..... 18-40-46 6220 ¢ =2°58 Ottawa (7000) -
1091 Perth......... 18-41-01 4520 A =151°E Strasbourg 1980
Batavia....... (1840-10) | (5160) | O = 18-40-5 Victoria 4120
> Berkeley...... 18-40-09 9750 Location Algiers 2650
approximate La Paz 13130
Sydney 4380
July 2 Honolulu.....| 21-36-45 9280 ¢ =9°8 Strasbourg 2000
1092 LaPaz....... 21-35-36 17800 A =125°E Georgetown (7600)
Sydney....... 21-36-36 4170 0 = 21-36-45 Coimbra  (6820)
Melbourne 21-37-40 4020 Location Naples 8740
Batavia.,..... 21-37-13 2230 and O Perth 2380
approximate
July 7 Ottawa....... (18-41-34) (4160) | ¢ = 58°-5 N Wien (6650)
1093 Strasbourg 1841-28 7580 A =135°15'W Coimbra 4960
Vietoria. ..... 1320 O = 18-41-25
Hamburg.....| 18-41-23 7130
Georgetown. (18-41-15) (4960)
DeBilt........ 18-41-28 7130
July 7 No Location No data
1094
July 8 No Location g No data
1095
July 11 | No Location. . No data
1096
July 16 | Ottawa....... (17-15-9) (3800) | ¢ = 14°-8 N
1097 La Paz....... 17-14-03 3590 A =58°W
Stonyhurst.... 6220 O = 17-14ea.
. Location
approximate
July26 | LaPaz....... 5-12-53 1800 | ¢ =338 Press reports Coimbra 5040
1098 Georgetown (5-12-38) (7980) | A = 70°15' W | quake at Santiago,
O = 5-12-45 Chile
Aug. 3 Manila....... 3-02-35 910 e =7TN Manila reports Strashourg 4780
1099 Batuvia......, 3-02-36 2280 A =123°5E quake in Central | Hamburg 9400
Zi-ka-wei.. ... 3-02-05 2660 0 = 3-02-25 Mindanao Victoria (6300)
Location La Paz 10300
doubtful Sydney 4850
Wien 9280
Coimbra  (5550)
Naples 5320
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LOCATION OF EPICENTRES, 1920
Date Station 0 A Epicentre Other Locations Other Data
Aug.3 | Ottawa....... 10-57-20 8140 | o =27°58 Strasbourg (5000)
1100 LaPaz....... 19-57~12 1240 X =65°W Tueson 6840
Rio de Janeiro| 19-56~57 2400 0 = 19-57-13 Toronto  (12400)
Cheltenham 19-57-21 7300 Victoria (3620)
Algiers. . ..... 19-57-46 9650 Marseilles 10050
Dyece......... (19-56~10) | (11220) Sydney 7860
Coimbra...... 19-57-34 9440 Wien (4850)
Harvard...... 19-57-15 7770 Berkeley  (4020)
Cartuja....... 19-57-25 9700
Aug. 13 | Algiers..... 2-03-22 9150 ¢ =12°-58 Strasbourg 2330
1101 LaPaz....... 2-03-01 430 A =69°85W Hamburg (6380)
Ueele, .- 02 2-02~53 9850 0 = 2-03-14 Cartuja 3400
Coimbra...... 2-03-42 8520
Aug. 15 | Osaka........[ 8-16-17 6040 ¢ =11°8 Sydney gives, Ottawa 10000
1102 Honolulu..... 8-16-44 5100 A =167°E o =1°8 Dyce . 6520
Tucson....... 8-16-38 9740 O = 8-16-23 A =163°-5 E La Paz 10020
Sydney....... 8-15-39 2990 Marseilles 120
Melbourne 8-16-6 3520 Tokio 2080
Manila 2820
Wien 7000
Coimbra 7660
Zi-ka~wei 7760
Cartuja 10650
Naples 5520
Besangon 1840
Aug. 20 | Ottawa....... (16-15-43) | (9140) | o = 37°-58 La Paz gives, Strasbourg 9540
1103 Cheltenham...| 16-15-40 8540 A =T76°5W ¢ =38°8 Hamburg 8820
Ithaca........ 16-15-06 8840 0 = 16-15-29 A =73°85W Victoria 6860
LaPaz....... 16-15-27 2520 Sentido, Chile Algiers 8020
Berkeley...... 9600 Uccle (9380)
Sydney 5880
Coimbra 12950
Stonyhurst 7960
Harvard.... (9315)
Melbourne 6450
Cartuja  (10500)
Naples 8800
Aug. 21 | No Loeation No data
1104
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LOCATION OF EPICENTRES, 1920

Date Station 0] A Epicentre Other Locations Other Data
Aug. 26 | Ottawa.......| 23-00-04 6200 ¢ =52°N DeBilt gives, Honolulu 2590
1105 Strasbourg....| 23-00-01 8840 A =167°-5W | “Near Fox Toronto 6780
Cheltenham...| 22-59-54 6880 O = 23-00-00 | Islands” Victoria 3170
Hamburg..... 23-00-04 8250 Algiers (11500)
Georgetown...| 22-59-57 6780 Tokio 820
Uecle....... .. 23-00-02 8540
DeBilt........ 23-00~-10 8340
Barcelona..... 23-00-18 9320
Manila....... (22-59-41) (7960)
Wien......... 23-00-01 8850
Coimbra...... 22-59-58 9550
Harvard......| (22-59-37) (7240)
Zi-ka~wei.....| 22-59-50 5960
Berkeley...... 3700
Cartus....... 23-00-11 9780
Naples....... 23-00-01 9400
Aug. 29 | No Location Sydney 2600
1106
Sept. 4 | No Location Ottawa (8780)
1107 Toronto 5100
La Paz 7250
Harvard 10600
Stonyhurst 5100
Coimbra 9200
Cartuja 9820
Athens 10560
Sept. 7 | Ottawa....... 5-55—-44 6450 e =4°N Uecle gives, Stonyhurst 1120
1108 Cartuja....... 5-55~32 1540 A=10°5E ¢ =43°9N
Hamburg..... 5-55-33 1170 O = 5-56—46 A =10°-6E
Strasbourg. .. 5-55-52 480
Algiers. ...... 5-55—-36 1100
Dyece... 5-56-33 1770
LaPaz....... (5-55-84) (10620)
Marseilles.. ... 5-556—49 460
Uecle......... 5-55—-40 900
Temberg...... 5-55-43 1330
DeBilt........ 5-55~50 970
Jugenheim. . 620
Gottingen.....| 5-55-55 730
Heidelberg. . .. 5-556-45 580
Hohenheim. . . 5-55-42 500
Jena......... 752
Karlsruhe. . 5-56-57 490
Miinchen... .. 5-55-45 450
Taunus....... 5-56—49 640
Wien......... 670
Barcelona. 5-55-30 840
Harvaxd...... 5-55—44 6215
Coimbra...... 5-55—46 1560
Athens....... 5-56-05 1150
Besangon..... 5-56-20 230
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LOCATION OF EPICENTRES, 1920

Date Station (0] A Epicentre Other Locations Other Data
Sept. 8 | No Loeation Osaka gives Ottawa  (10000)
1109 Tuscany Hamburg (11380)
Osaks 8750
Algiers 3400
La Paz 9000
Tucson 9120
Honolulu 4450
Tokio 2140
Wien (11700)
Harvard 10540
Zi-ka-wei 9780
Coimbra  (11220)
Lick 3900
Berkeley  (3900)
Sept. 9 | No Loeation Toronto  (8680)
1110 Victoria 8600
Honolulu 5880
Sydney 3150
Harvard 13750
Zi-ka-wei 6980
Coimbra 7530
Berkeley (10400)
Melbourne 3700
Sept. 18 | No Location No data
1111
Sept. 20 | Ottawa....... 14-45-12 9660 ¢ = 38°N Denver 8800
1112 Strasbourg 14-46-08 9440 AN =146°-5 E Ithaca (11380)
Toronto...... 14-44-51 9780 0 =14-45-20 Dyce 11880
Georgetown 14-44-27 10550 Victoria 2620
Besangon..... 14-45-57 9750 Marseilles 2440
La Paz 9550
Stonyhurst 12580
Osaka........ 14-38-52 7100 e = 26°8 Osaka gives,
Honolulu..... 14-39-0 6110 A =173°-5 E “Near Tongatabu | Tucson 9350
Tokio........ 14-38-15 7680 0 = 14-38-43 Island”’
Sydney 14-38-54 2320
Harvard...... (14-38-36) | (13780) Sydney gives,
Zi-ka-wei.. ... 14-37-36 8380 ¢ = 18°-58
Manila....... 14-38-28 7020 A =167°E
Berkeley. ... .. 14-39-20 9280
Lick.......... 14-39-20 9300
Athens....... 14-39-05 18000
Melbourne....| 14-38.5 2980
Sept. 21 | Sydney....... 2-33-26 2700 ¢ = 18°8 Sydney gives, La Paz (13560)
1113 Batavia....... (2-33—49) (7120) A =172°E ¢ =17°8
0O = 2-33-38 A =169°E
Location
and O
approximate

only
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LOCATION OF EPICENTRES, 1920

Date Station 0 A Epicentre Other Locations Other Data
Sept. 21 | Hamburg..... 1742-16 8550 ¢ =45°N Honolulu 2510
1114 Strasbourg 17-42-16 9060 A =153°-5 E
Ucdle. ........ 17-42-15 8950 0 = 1742-17
DeBilt... 17-42-23 8750
Tokio...... 174246 1220
Wien...... 1742-11 8920
Batavia.......| (1742-10) (7380)
Zi-ka-wei.....| 17-42-05 3050
Coimbra...... 17-42-16 9350
Besangon. .. 1742-08 9400
Sept. 24 | Ottawa 21-54-54 4340 ¢ =6°5N Coimbra 8750
1115 Ithaca........ 21-54-56 3950 A =82°30'W
Hamburg..... (21-65-27) (9280) | O = 21-55-03
Strasbourg....| (21-55-13) (9450)
Georgetown.. .| 21-54-58 3560
Uccle.........| 21-55-02 9320
Porto Rico 21-54-45 2420
Tueson...,...| 21-54-46 4150
LaPaz.......| 21-54-51 2080
Harvard.. 21-55-21 3880
Cartuja....... 21-55-17 8580
Sept. 27 | No Location Ottawa (4220)
1116 Victoria, 1400
Sept. 28 | No Location No data
1117
Oct. 1 No Location La Paz 7020
1118
Oc.5 No Location Berkeley and Lick | Lick 90
1119 report quake felt
at San Jose, Cal.
Oct. 7 Ottawa....,..| 20 55-18 5700 ¢ =10°8
1120 Ithaca........ 20-54-51 5650 A =72°2.8W
Uecle......... 20-53-45 10140 Location is
Victoria. ..... (20-54—41) (8300) | rough approx-
Georgetown 20-53-33 6300 imation only.
LaPaz......, 20-54-05 530 0 = 20-54-3
Wien......... 20-54-43 9800
Coimbra. ..... 20-54—41 8250
Cartuja....... 20-53-44 9380
Oct. 8 Ottaws. . (16-50-28) (3600) | ¢ =15°N
1121 Strasbourg 16-51-01 9120 A =90°30rW
Uccle......... 16-50-51 9010 O = 16-50-56
DeBilt........ 16-50-53 9020
Cheltenham. 16-51-26 2640
Tueson....... 16-51-36 2230
Georgetown 16-50-36 3150
Spring Hill 16-50-23 1550
LaPaz....... 16-50-50 4300
Wien.. 16-51-17 9340
Hamburg..... 16-50-56 9160 ~
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Date Station (0] A Epicengtre Other Locations Other Data
QOct. 18 | Ottawa 8-11-49 8780 ¢ =47°N Karile Is. Victoria 329C
1122 Halifax.......| 8-11-52 9100 A =150°E Toronto (678C
Ithaea........| 8-11-52 9000 0 = 8-11-52 Uccle gives,
Strasbourg 8-11-48 8720 ¢ = 46°.3 N
Tealed. Tr:. = 8-1145 8680 A =148°-5 E
DeBilt........ 8-11-46 8540
Marseilles... .. 8-12-07 9100 Sydney gives,
Algiers....... 8-12-21 9250 ¢ =46°N
Honolulu.....| 8-11-5 5320 A =151°E
Tucson....... 8-11-47 8050
Cheltenham...| 8-11-54 9280 Tokio gives,
Georgetown. ., 8-10-56 9100 ¢ =41°4N
Wien-. .5l 8-1147 8500 A =148°E
Dyee........: 8-11-57 8120 near Etrofu
Batavia....... 8-11-50 6950 Island
Manila....... 8-11-33 4150
Zi-ka-wei.. ... 8-12-00 2480
Gottingen.. ... 8-11-46 8420
Hamburg. .. 8-11-46 8250
Hohenheim 8-11-48 8720
Durlach...... 8680
Miinchen..... 8-1144 8720
Coimbrs...... 8-12-15 9300
Athens....... 8-11-51 9000
Sydney 8-11-42 8650
Tokio........ 8-13-25 510
Barcelona..... - 8-12-08 9160
Besancon..... 81147 8940
Berkeley...... (8-11-35) (6960)
Oct. 20 | Uecle......... (10-02-29) (9400) | ¢ =23°N Manila 2070
1123 DeBilt........ (10-02-28) (9470) | A = 117°E Coimbra  (8850)
Honolulu..... 10-01-5 8680 0 = 10-02-06 Cartuja 10600
Zika-wei.. . .. 10-01-57 930 Sydney 6200
Tokio 660
Oct. 22 Oftawa....... 12-09-51 7390 ¢ =21°.58 Algiers 8950
1124 Ithaca........ 12-10-03 7050 A =T70°8W Honolulu 10180
Strasbourg (12-08 48) | (10740) | O = 12-09—47 Georgetown 7780
Tueson....... 12-09-58 7390 Wien 8250
Cheltenham...| 12-09-48 6750 Hamburg 9500
LaiPaziad o b 5 12-10-03 610 Uecle 9420
Coimbra...... 12-09-58 9100 Sydney (7600)
Berkeley 3860
Oct. 24 | Honolulu..... 1-39-8 4780 ¢ =13°8
1125 Batavia....... (1-38-28) (6460) | A = 168°E
Sydney....... 1-38-30 2420 Location is
only rough
approximation
O = 1-38-5
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Date Station (0] A Epicentre Other Locations Other Data
Oct. 28 | Strasbourg 7-23-49 8940 ¢ = 50°-5 N La Paz (15200)
1126 DeBilt. ...... (7-23-45) (8620) | A = 178°45'E
Zi-ka-wei..... 7-23-44 5150 0 = 7-23-46
Hamburg..... 7-23-51 8380
Uecle......... (7-23-44) (8750)
Oct. 28 | Ottawa 12-50-11 8080 ¢ =28°8 La Paz reports Georgetown 9100
1127 Ithaca........ 12-50-22 7600 A =T2°W destructive Strasbourg 9150
Cheltenham...| 12-49-47 7760 0O = 12-50-10 | quake at Toronto 8560
Tucson....... 12-50-08 7860 Vallenar, Chile Victoria (6300)
La Pax. 12-50-13 1320 p = 28°-28 Algiers 8900
Coimbra....., 12-50-33 9230 A=T0°5W Honolulu 9650
Besangon. .. .. (12-49-53) (11180) Wien (7380)
Uccle 9550
Cartuja 8940
Athens (11980)
Nov.4 | No Location Location probably | Ithaca 2440
1128 in West Indies La Paz 4220
Georgetown (2500)
Nov.6 | No Location La Paz 4750
1129
Nov.8 | No Location Quake reported
1130 from Joliette,
Quebec
Nov. 12 | Strasbourg 5-41-53 6370 e =4°N Victoria (5200)
1131 Algiers. ...... 54143 5200 A =3°W Stonyhurst 2590
LaPas...,...| 5-41-53 4740 0 = 5-41-53
Wien......... 5-41-52 6900
DeBilt........ 5-41-55 6550
Hambuwrg..... 5-42-11 6750
Coimbra...... 5-41-46 4830
Cartuja....... 5-42-04 4780
Uccle......... 5-41-53 6380
Barcelona 5-4'—45 5480 -
Besangon..... 5-41-48 6220
Nov. 16 | Ottawa....... 8-30-54 3960 e =72°N An unusual La Paz (9000)
1132 Saskatoon 8-30-00 2510 A = 126°-5 W | epicentre:
Ithaca........ (8-31-10) | (3960) | O = 8-30-55 | First location
Victoria...... 8-30-53 2690 of an epicentre
Sitka......... (8-30-39) | (1830) in Arctic Region
Coimbra...... 8-31-03 6640 which apparently
Uccle......... 8-3047 5920 is not seismic
Cartuja....... 8-31-03 7200
Barcelona (7400)
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Date Sation o A Epicentre Other Locations Other Data
Nov. 26 | Algiers..... 8-51-05 1520 o =39°N DeBilt gives Strasbourg 2360
1133 Wien:....... 8-50~-52 1030 A =19°4E Albania Besangon 2410
Elvoe: .. ... .. 8-50-49 2590 O = 8-50-58
Stonyhurst....| 8-50~50 2360 Ucele gives,
DeBilt........ 8-51-10 1750 ¢ = 39°-5N
Hamburg..... 8-50--69 1680 A =19°4E
Coimbra. .. §-51-01 2420
Cartuja....... 8-50-50 2220
Uccle........ .| 8-50-57 1720
Athens...... i 8-51-04 420
Nov. 28 | No Location Quake felt in Victoria 260
1134 State of Georgetown (4630)
‘Washington
Nov.29 | Vietoria...... 80242 2320 ¢ =605 N Oftawa 3740
1135 Algiers. . ..... (8-03-10) |(8720) | N = 152°.8 W Ithaca (3920)
Georgetown 8-02-53 5350 0 = 8-02-54 Toronto 3450
Hamburg (8-02-51) |(7320) La Paz (9400)
Uccle......... 8-02-56 7480
Dec. 5 Wien......... 10-01-01 6400 ¢ =3°6N Coimbra 2980
1136 Algiers. ...... 10-01-15 4480 A = 25°-5W
Strasbourg. 10-00-58 6050 O = 10-01-12
LaPaz....... 10-02-22 4910
Athens....... (10-00-30) (6350)
Uecle......... (10-01-1) (6050)
Cartuja. ...... 10-01-14 4340
Dec. 7 No Location Sydney 2750
1137
Deec. 10 Ottawa....... 4-26-19 9020 ¢ =388 Victoria 3620
1138 Georgetown (4-26-14) (8480) = 60°-5§ W Stonyhurst 5000
LaPaz....... 4-25-42 2560 O = 4-26-02 Porto Rico 4740
Coimbra. ..... 4-25-55 10200 Location Sydney (5880)
approximate Melbourne 7720
Dec. 11 | Honolulu..... 21-23.7 7020 ¢ =13°N Ottawa (2470)
1139 LaPaz....... 21-22-22 4200 A =91°5W Georgetown (4830)
O = 21-23¢a. Tucson (3750)
Location
doubtful
Dec. 13 | Honolulu 3-42-3 6110 ¢ =6°58 Victoria 4700
1140 Sydney....... 3-42-27 3030 A =1583°E La Paz 10620
Wellington 3-42-38 4220 O = 342-28 Melbourne 2220
Location ’

approximate
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Date Station (0] A Epicentre Other Locations Other Data
Dec. 16 | Saskatoon.....| 12-05-56 9600 ¢ =388°N Uecle gives, Ottawa 9590
1141 Spring Hill.... (12000) | A = 108°E ¢ = 38° N Toronto (9625)
Dyee.........| 12-06-03 7500 | O = 12-05-55 | A = 110°E Victoria  (9940)
Wien.........| 12-05-36 7220 Georgetown 4620
Marseilles.....| 12-06-07 8050 Zi-ka~wei gives Berkeley 9500
Honolulu..... 12-06-1 9150 Pinglang, centre La Paz 15900
Sitka......... (12-05-59) (8200) of Provinces of Balboa 6550
DeBilt. ....... 12-05-56 7550 Kansu and Shensi | Tokio 1100
Algiers. ...... 12-05-52 8650 Melbourne 3330
Strasbourg 12-05-52 7550 Wellington 9400
Hamburg .| 12-05-50 7200
Zika-wei.....| 12-06-12 1420
Coimbra...... 12-05-53 9120
Cartuja.......| 12-06-06 9020
Uecle...... 120544 7780
Lemberg...... 12-05.7 6450
Manila....... 12-06-13 2580
Batavia....... 12-05-33 4820
Athens....... 12-05-38 7120
Sydney....... 12-06-00 9050
Barcelona.. ... 12-05-59 8360
Gottingen..... 12-06-02 7050
Hohenheim 120544 7580
Miinchen 12-05-57 7350
Besangon..... 12-05-49 7880 .
Apia......... 12-06-13 10050
Dec. 17 | Georgetown 18-59-56 8060 ¢ =33°8 Press dispatch Uccle (8200)
1142 La Pas....... 18-59-54 1850 A =68°-5W gives LaValle,
O = 18-59-55 Province of
Mendoza,
Argentine
¢ =33°8
A =68°-6W
Dec. 25 | Wien......... (11-33-09) (7120) | ¢ = 36°N Sydney gives Stonyhurst 2150
1143 Osaka........ 11-33-16 2650 A =1068° E Kansu, China La Paz 14680
Algiers. ...... 11-33-19 8610 0O = 11-33-15 Barcelona (10100)
Hamburg. .... 11-33-13 7220 Besancon  (4820)
Zi-ka~wei..... 11-33-05 1760
Coimbra...... 11-33-20 9120
DeBilt........ 11-33-21 7530
Cartuja....... 11-33-13 9020
Uccle......... 11-33-21 7620
Manila....... (11-33-57) (2460)
Batavia 11-33-13 4700
Sydney....... 11-33-19 9160
Tokio. . = ... 11-32-28 3150
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THE SPECTROSCOPIC SYSTEM BETA CANIS MAJORIS
BY F. HENROTEAU, PH.D.

The present study is a continuation of the work done by the writer on S Canis
Majoris at the Lick Observatory in 1917-18.* The principal results of this former study
were:—

(1) A radial velocity oscillation of very short duration (about six hours) a resull that
was already arrived at by Dr. Albrecht in 1908.

(2) A considerable variation of the amplitude of the velocity curve.

(3) The fact that the mazima of the different velocity curves could not be connected by
a period.
(4) A short periodic variation of the widths of the speciral lines 0°-26130.

It was thought at the time, the star having been observed on only a few nights,
that the variation of amplitude was rather erratic, not simple-periodic. It was thought
also that a period of radial velocity variation existed in such a way that it sometimes
furnished a maximum, sometimes a minimum, of the velocity curve.

The present research, in which the codperation of Messrs. J. F. Frédette, mainly in
observing, and W. A. Thorn, in measuring, is acknowledged, shows that the variation
of amplitude is probably periodical, while the radial velocity variation must follow a
more complicated law than was at first imagined. For a long time it was thought by
the writer that the study of 8 Canis Majoris with the 15-inch telescope and one prism
spectrograph would be almost impossible. Since the star is bright, however, it was
decided to use very fine grained plates, and it was found that Seed Process 0 plates
furnished splendid spectrograms with an exposure of about thirty minutes. Most of
the spectrograms were taken on these plates and B Canis Majoris was observed from
the end of December, 1921, continuously through January and February, 1922. Weather
conditions were favourable, providing whole weeks of clear and exceedingly transparent
skies. While a few of the spectrograms are poor and the measures they furnish un-
reliable the majority give very accurate velocities. All the spectrograms were measured
directly on an ordinary micrometric measuring engine and some have been remeasured
on a Hartmann spectro-comparator.

The list of radial velocities obtained in 1921 and 1922 follows:—

*L..0.B,, Vol. IX, No, 311, p. 155.
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RADIAL VELOCITIES OF 8§ CANIS MAJORIS

Julian Measure on
Date Day Velocity Probable error Spectro- Quality of spectrogram
G.M.T. km. km. comparator, km.
1921
December 21....... 2423045-783 +35-8 P o S et e R e lcoarse grain
<792 +36-1 +2-8 |....... «ve....|COTSE grain
-803 +31:6 4200 g, gl LG coarse grain
+824 +27-6 a o 2 o PR N SN coarse grain
-837 +36-2 +3:9 |..... WAL e coarse grain
-853 +20-5 o 5 A e P coarse grain
December 27....... 051-627 +40-8 i i A e it L poor
<662 +35-2 xS B SR Pt i ood
-694 +34-2 mo kil SR R 8 good
-756 +24-6 ERB Il o S good
787 +427-3 +2:8 i s good
-812 +21-9 e RIS el .. |fair
-839 +20-7 +34 .. ............[poOT
December 29....... 053-712 +23-4 Sl ol very poor
739 +30-5 ERTE O PASEYARG good
774 +29-5 2t WS B good
-805 +21-6 IR W IR LN fair
1922
January 1......... 056-615 +30-3 = n TR e fair
647 +39-8 £ BT SRR e good
-683 +28-4 25 ] et G . [fair
718 +21-6 e g e [P (T .. .|pOOE
-750 +22-7 E o s e st R E coarse grain
January 2......... 057 -581 +24-4 o el el fair
+603 +29-0 24 =t Sask . . jfair
-626 +31.2 20 o e good
-648 +35-7 By 5 i [RRCAp = i good
-670 +38-0 i Ky S| (N S good
<693 +39-2 £ 00 R L e ...|good
<717 +20-3 =yl a POIER S e fair
2747 +29-4 27 S O T ... [fair
<773 +23-3 o) O S s b0 . .|poor
January 6......... 061-651 +387-2 o 1 L [PVES SR A1 fair
-677 +42-4 HF=0) e L AL R ..|good
700 +36-2 201 e maita fair
-726 +45-3 S O] e icuotem rt e e fair
2751 +18-8 o1 iy O I RS S T fair
<779 +28-2 +2-8 +22-1 |poor
January 12......... 067-560 +20-8 bl e S i oake very poor
-584 +23:5 S o | ] (RS P poor
-606 +36-1 S B B I ot poor
-628 +-38-7 22 Mt e s b fair
-651 +-36-4 2L, o S e .. |fair
875 +39-8 = 2 51 L e =S e ST good
-699 +41.9 el fove i3 (B Ve ehone good
728 +29-0 LG {12 crageran oLivors ke fair
January 15..... iotein 070-607 +23-4 23RO S s very poor
-631 +35-0 s S L e o SO poor
653 +30-0 - o 15 [ (ST fair
-676 +24-4 ERVBT R e mrade e e fair
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RADIAL VELOCITIES OF 8 CANIS MAJORIS—Continued

33

Measure of
Date Julian Day Velocity Probable error | Spectro-com~- | Quality of Spectrogram
G.M.T. km. km. parator, km.
1922

January 15........ 2423070699 +27-1 L 7 D RS et poor
792 +32.3 e VU I L R, good
745 +17-2 Sl g v u |IUR0GS P T o poor
772 + 8-2 L] ol poor

January 17......... 072-566 + 9-8 C i R R poor
-612 +25.1 L ) B, L A poor
-658 + 5-3 o | (S R N poor

January 22......... 077-535 +20-6 01 L BRI s oy poor
-559 +21-4 g Gl (S | ey weak
-582 +16-4 M2 o] (R I 1, P poor
-608 +24-1 2580 [y LSS L IDOOF
637 +24-1 D] i [EESSE W S . |fair
-665 +34-6 L et R R A o i fair
-694 +30-1 220 2 e fair

January 23......... 078-569 +13-2 = S [ Eena . o0 good
594, +21-0 B My ook M good
-618 +25-0 RO | 1 S e good
-642 +18-9 =0 i 10 & ARSI G fair
-669 +29-1 x| R S L S good
699 +30-9 2B | ey oy e e e good
733 +30-9 a2 | [ SRR ST fair

January 24......... 079-542 +24-9 26! [lomvis wsale swispe 2 fair
-568 +13-1 LBl SRS good
-591 +20-8 0o s e Rt 518 o= ¢ good
-614 +19-9 A L e poor
<637 +24-1 HEP (S IO SR o 6 o 6 good
-661 +31-6 S e i S s good
-686 +25-9 e Dol | RS o e good
715 +23-4 S D G i S e = A o good
747 +26-0 SEQIA RN ol e, e SRR poor

January 25......... 080-535 +32-8 +1-7 +28-1 |good
<567 +15-5 - +2-6 +19-4 [fair
-590 +11-8 +1-6 +11-9 |good
-614 +18-1 +1-9 +18-0 |[good
-637 +24-3 +1-5 +19-4 [good
-660 +34:2 +1-3 +27-9 |good
-684 +32-8 +1.7 +31-9 |good
-708 +16-8 +4-0 -+ 7-4 |poor, very weak

January 26......... 081-525 +36-9 +3-2 +31-3 |poor
-549 +30-9 +2-1 +30-2 |fair
-573 +20-6 +1-5 +20-6 |good
- 597 +25-2 +1-8 +21-2 |good
-620 +20-0 S s T e A I el fair
644 +21-6 +2-0 +19-4 [fair
-723 +28-3 +2-2 +28-0 |poor

January 27......... 082-531 +26-0 ol (08 T e = e e poor
-560 +19-1 ELES s ige e s va fair
-585 +24-0 e e good
-608 +29-1 +£2:0 |l good
-632 +20-3 o o D R e N e good
-676 +15-2 BRZ: [l e octerrs s poor
-699 +22-2 o L e poor
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RADIAL VELOCITIES OF 8 CANIS MAJORIS—Continued
Measure on
Date Julian Day Velocity | Probable error | Spectro-com- | Quality of Spectrogram
G.M.T. km. km. parator, km.
1922 ¢
January 29......... 2423084 -531 +31-3 = <) R et SRR e R
-556 +32-2 o b Tk DA BT S
-579 +28-1 20 Al Lo
602 +22-6 o 1o Gl G G
-625 +21.7 o1 1 A VR e
-649 +25-5 i 02 k| W ]
<704 +23-8 e R IR ot - T Gl :
January 30......... 085-521 +27-8 5 o/l W R ST S
-546 431-6 il T e
-569 +27-4 e I S G T
-592 +26-7 She=ul. L e
615 +27-0 +1-8 |........ TER
January 31......... 086-538 +-57-2 +2-6 +58-4 |good
-562 +19-8 +13 |.......c0e....]good
-585 +19-6 S8 o0 e
-609 + 0-3 +2-2 A Gpfe e
-632 +26-7 +33 |....... 55 poor
February 7......... 093-501 +28-2 e oo ) R S T e P fair
-529 +35-3 +2:3 |....... i o E good
- 555 +36-2 b7 0o T (PR G s good
-578 +30-5 o wi o G PR S R good
-601 +23-1 = Bl ..o s good
-625 +22-6 o3 2] RN S, R good
-648 +24-4 o7 WY (Ol MY S good
-674 +42.8 S e d b | VR B 5 2 very poor
February 13........ 099-488 +32-2 +1-8 +32-4 |poor
-513 +29.9 +2-9 +23-8 |very poor
-536 +25-5 +2.3 +29-3 |fair
-559 +28-0 +2-1 +380-9 [fair
-583 +32-8 +2-0 +26-8 [good
-606 +25-4 +2-2 +30-2 [poor
628 +28-1 +2.9 +26:6 |poor
-654 +17-6 +3-2 +30-3 |very poor
February 16........ 102-476 +30-9 FARBY Forere e b BYbrs lbes fair
-500 +30-4 ol B S O O o good
-523 +29-7 = o) PG RS oot a-giiies good
-546 +27-7 58 o svaniin s ool
-569 +24-4 oot (0 T NS ve...good
+591 +33-0 7451 S (TR VT AT fair
-613 +31-0 S ol A R e ..|good
-636 +38-4 ol 13 A PRSES TS S ol good
February 20........ 106-487 +24-2 o L T [ . .|good
510 +23-0 S I ISR T S good
-556 +19-8 o AN e vee..|good
-579 +15-0 o Uy TS| [N L good
-602 + 7.1 T s s poor
-627 +23-7 L2 verer s ey s e poor
February 28........ 114-487 +37-1 =t b M SRRy e poor
+510 +19.7 e Ko | O iR good
-533 +20-7 F2:60 hcnss s St d fair
-557 + 9.7 FXoT Lk v s it et good




THE SPECTROSCOPIC SYSTEM BETA CANIS MAJORIS

35

Among the different velocity curves that the above results furnish, those shown
in Figs. 1 and 2 are among the most interesting; in tracing these curves account was taken

of the probable errors of the different observations.
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Fig. 2.
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In order to give an idea of the value of the radial velocities obtained, the detailed
measures of a series of spectrograms are given here. Most of the lines in these measures
can be identified by consulting the table of lines, elements, wave-lengths and micrometer
readings published in ‘“The Spectroscopic System Delta Ceti.”’*

DETAILED MEASURES OF SOME OF THE SPECTROGRAMS

Plate 10225 Plate 10226
1922, Jan. 29.531 Jan. 29-556
Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
28-238 +39-1 1 28-263 +60-9 1
31-863 +52-8 2 31-868 +57-3 2
32-091 +61-0 1 32.-365 +39-1 1
32-352 +27.3 2 33-407 +39-6 1
33-423 +54-3 2 37-642 +45-6 3
34-429 +51-2 1 45-397 +44.5 3
35-803 +33.2 2 46-285 +-36-4 3
37-637 +40-7 3 49-502 +52-2 2
45-399 +46-6 1 49-664 +59-9 2
46-292 +-43-9 2 50-939 +45-2 3
49-489 +37-7 1 52-517 +31-0 1
49.647 +41-1 2 53765 +36-3 4
50-940 +46-3 3 58-453 +37-2 4
52-536 +52-9 1 62-677 +57-6 2
63-771 +43-3 5
55-313 +30-9 2
58-461 +47-1 3 Weighted mean................... +44.8
62-672 +51-1 2 N o e o 5 el 5 ~12-4
7 R /AT + 01
BT AR e ol BB e oo o ~ 03
Weighted mean................... +43-8
0 8 e S AR e S4B S e e -12-4 Radial velocity................... +32:2
Bt d o rih) ST e N + 0-2
(01175 TR A R e DS e P -~ 03
Radial veloeity................... +31-3

*Pub. Dom. Obs. Vol. V, No. 11.
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DETAILED MEASURES OF SOME OF THE SPECTROGRAMS—Conlinued.
Plate 10227 Plate 10228
1922, Jan. 29579 1922, Jan. 29-602
Reduced Reduced
micrometer Veloci Weight micrometer Velocity Weight
reading km. reading km.
28-241 +41-8 1
31-873 +61-9 2 28233 +34-8 1
32-050 +23-7 1 31-868 +57-3 2
32-367 +40-9 1 32-055 +28-2 1
33-432 +462-6 2 32-360 +34-6 1
34-404 +27-9 1 33-419 -+50-6 2
37-635 +38-8 3 37-641 +44.6 3
45-395 +42-4 3 45-391 +38-2 3
46-296 +48-1 3 46-282 +33-2 3
49-496 +45-5 1 49-637 +30-0 2
50-926 +30-5 3 50-926 +30-6 2
52-528 +43-7 1 52.522 +36-8 2
53.754 +23-4 5 53-754 +23-4 5
55-328 ° +40-5 2 55-308 +25-0 1
58-460 +45-9 5 58-447 +29-8 4
62-666 +43-2 2 58-964 +23-7 2
Weighted mean................... +40.7 334 gie 11 2
o DBRY | £ i s —12:4 Weighted mean.........covvnennns +35-3
W .. conbae RSN o e + 0-1 VALt SRR s R —-12-4
0 P O R S - 0-3 L7 DRSS e & AT 0-0
Radial velocity...... Wiy PRI +428-1 Curv..oviiiiiiiiiniann, - 03
Plate 10229 Radial velocity................... 4:38+6
1922, Jan. 29-625 SR
Plate 10230
Reduced 1022, Jan. 29-649
micrometer Velocity Weight
reading km. Reduced
micrometer Velocity Weight
28-244 +44.4 1 reading km.
31-859 +49-1 2
32-353 +28.2 - 2 28.240 +-40-9 1
33-407 +39-6 2 31-860 +50-0 1
34-413 +36-3 1 32.052 +25-5 1
35-911 +50-3 1 32-363 +37-3 2
37-624 +28-1 3 33.388 +22-1 1
45.388 +4-35-0 3 35.804 +384-2 2
46-279 +30-0 3 37-641 +44-6 3
49.473 +20-0 2 45-409 +57-2 3
49.646 +40-0 2 46-280 +31-0 )
50-930 +35-0 4 49.479 +26-6 2
52.531 +47-1 1 49-649 +43.3 2
53-758 +28-1 6 50-933 +38-4 3
55-316 +34-5 2 53-759 +29-2 5
58-450 +33-5 5 58-457 +42-2 4
58-974 +36-2 3 62-672 +51-1 1
62-664 +40-6 2
Weighted mean...........oovvenn. +38-3
Weighted mean................... +34-4 Wlooswonss v huadee bei-dh om —12:4
N5 o 8o 0 A A, A e P e e —12-4 S I T - 0-1
NS 2 e e tamsd VR 0-0 ROV e, 1654 i S 5948 - 03
(83 1 e o e U ORa e S - 0-3
Radial velocity................... +21.7 Radial veloeity............c00une +25-5
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DETAILED MEASURES OF SOME OF THE SPECTROGRAMS—Concluded

Plate 10231
1922, Jan. 29-704

Reduced
micrometer Veloci Weight
reading km,
31-859 +49-1 1
32-355 +30.0 1
34-430 +52-1 1
37-656 +59-2 2
45-388 +35-0 3
46-287 +38-5 3
49-463 + 8-9 1
49-645 +38-9 2
50-924 +-28-2 2
52-505 +17-3 2
53-763 +33-9 4
55-297 +11-9 1
58-472 +60-8 2
Weighted mean................... +36-7
N L e N R o I —12-5
LIS B e e e 116 — 0-1
011 AR (oo (bt e e e, - 0-3
Radial velocity................... +23-8

The last plate is very weak and difficult to measure, typical of some of the poor
Imeasures.
Altogether the velocity curves furnished by the observations give the following
results for the headings of the different columns.

RESULTS OBTAINED FOR 8 CANIS MAJORIS

Amplitude of Estimated mean Time of maximum
Julian Day Mazximum velocity velocity curve velocity (decimal fraction
km, km, km. of a day)
243045............. e ST I o | e ot g sy 8 iy o S W b e o S770%
(17 bl U AR +38-0 15-0 +30-5 -655
(1 o e AR ) STCOMEL, | IR el i s L e 14 en S B EE B 752
(17, AN R +-38-0 14-7 +30-4 -640
OB rersm it oo o Sl +40-0 17.5 +31-2 -687
DO L S beihir A +42-0 20-0* +32. 0% -700*
(& ) DR e e +41-0 19.0 +31-5 -675
e S S e +32-5 11-5 +26-5 -699
I e R +30-5 14-0 +23-7 -690
OTDL oo Grvese ors +29-0* JOROEL S e Grs  hunmita S st ey 5% ey Sr g o 2 CEW
OBOLT 530 et d sary +32-5# 15.0% e e S T o ool o
081 e sy st +31-5 12-0 +25:5 -766
084 2 0¥ +32-0 10-0 +27-0 <788
s S e CESIEBT T i vovartv. e ti¥e o 3 ek teral| ok e o) 2 S R L et -560
093............. +36-5 13-0 ~+30-0 -540
102 N e e +40-4 15-0 +33-0 672
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Some curves are too poorly determined to furnish results and give doubtful values,
which are found in the table followed by an asterisk. The other results, especially in the
third and fourth columns, are affected by a rather large degree of uncertainty. Columns
2, 3 and 4, combined with column 1, yield the curves shown in Fig. 3, where the doubtful

Fig. 3.
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points are indicated by darkened circles. The three curves show unmistakably the same
tendencies—probably passing from one maximum to the next in about 42 days—as if
the center of mass of the short period system, if such it is, moved in a rather eccentric
orbit, (the actual observations, however, do not justify calling this a period). Ifsuchan
orbit exists it appears to be certain that the amplitude of the short period velocity
variation is a function of the position of the center of mass of the system in this orbit.

It is possible that the amplitude of the mean velocity curve varies, as was found
in the case of ¢ Scorpii, for, in 1917-18, hardly any variation of the mean velocity was
found.

As to the times at which maxima occur it seems impossible to connect them by any
period. Even the law proposed in 1918 connecting a series of maxima with a series of
minima by a period, allowing for a reversal of the curve or interchange of maximum and
minimum, does not seem to hold. No doubt two or several simple waves by their com-
bination would produce a curve for which the several maxima could not be connected
by a simple period—but the succession of maxima would, however, be brought about
according to a definite law. OQur spectra are too poor to measure the line widths; it
seems probable, however, from the observations of 1918 that the variation of line-width
is simple-periodic.

" Granting the curve of variation of mean velocity to represent also the variation
of the center-of-mass velocity of the short-period system, the following very approxi-
mate elements for a possible orbit of that center of mass are derived:—

E = 4-75 km.

e = 0.27

P = 424

w = 90°

T = 2423070 J.D.

¥ =+429-3 km.
asini = 2,633,000 km.
md sindy _ 0-00041

(m—+m,)?

The eccentricity is not small. This suggests at once that the short-period velocity
curve is possibly due to tidal action, showing variation of amplitude with the variation
of position in the 42-day orbit. The variation of amplitude would be greatest for large
eccentricity and small orbit, tidal action being approximately a function of the inverse
cube of the distance.

DominioN OBSERVATORY,
O1TAWA,
September, 1922,
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THE SPECTROSCOPIC SYSTEM SIGMA SCORPIL
SECOND PAPER
BY F. HENROTEAU, PH.D.

The present paper gives the results of the observations of ¢ Scorpii in 1922. In
a former paper* an extensive study of this star has already been made; it was found
that the variation of the radial velocity followed two periods, a very short one of 09-246834
and a much longer one of about 34 days. It was also found that the variation of long
period had a variable amplitude. In order, however, to arrive at an understanding of
the system, observations will have to be secured for a number of years; it is therefore
the intention to follow the star for several years and to publish the results obtained each
year. The assistance of Mr. J. F. Frédette in the present research is acknowledged.

The radial velocities obtained for ¢ Scorpii in 1922 are as follows:—

RADIAL VELOCITIES OF o SCORPII

Date Julian Day Velocity Remarks
km.
0 R P o feo bl 8 e A i = ‘2423147 -759 —27-3
786 —-25-7
-808 —35-8
-831 —-16-3
-853 — 85
_ -876 - 30
T R S S U IOY SR 149789 —30-9
-812 —33-1
-837 — 6-5
-865 + 36
-890 + 2.7
TR e T e Triraort e, £ s e e SR L 150752 -38-9
775 —50-0
-800 —-21-1
-826 —13-8
-853 —14.0
D T e L I s, cop Rt U e s o s 152-769 —37-7
-805 —14-4
-835 + 1.3
-864 +11-7
.71 0 Loy SN L e T e e g e e 0 161-741 - 8:2
<770 +13-5
-802 -10-0
-833 —52.2
-858 —29-9

*Pub. Dom. Obs. Vol. V, p. 303.
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RADIAL VELOCITIES OF 0 SCORPII—Continued

Date Julian Day Velocity Remarks
km.
D2 APEI IB. . scnmesisinh on ihins b /it ainiassa o o SRR 2423163716 -19-0
744 +17-4
771 —11-4
-796 —42.3
-815 —47-5
Al 2V o li b L S Pl LT ' 166-810 —60-1
-826 —50-4
-847 —54-1
-869 -31.2
APl 2 T s s A 168-706 —10-0
724 - 9.2
<743 —16-2
<766 —28-2
<789 —-33.5
812 —24-2
-835 —15-6
-858 4 6-4
-878 4-18-4
April 24, 00ceve..... TS UL e Y 2. 169-703 —21-2
2724 —11-6
<744 —16-2
764 —14.0
T -783 —-23.3
799 —23-9
-814 -~ 53
ADRLZT0 et et s ool et o e 172-704 - 76
<724 —21-3
741 —17-8
756 —18-2
77 —27-6 poor
-785 -10-3
-801 — 5.8
-819 — 1.7
Al Bl Tl o e sl g A B e 173.788 + 1.7 g
B0 R O S DT o T 175-679 - 83 roor
:701 - 3.8
<724 -10-1
<747 -10-9
<769 + 9.7
<792 + 6-9
NI B e e e o S P e e e e B by 183.665 —~26-0
-684 + 4-3
<701 +20-4
<719 +427-1
740 +24-6
<760 +10-0
<778 -27-5
-794 —18:6
MBS0 sy Sifiie oo b o T e L Py e s 185.658 - 76
-676 — 4.9
-694 +426-8
2710 +32-9
=726 +26-1
744 - 33
-762 —13-8
-804 —44-3
-830 —-38-5
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RADIAL VELOCITIES OF ¢ SCORPII—Concluded

Date Julian Day Velocity - Remarks
km.

1922 Miay 1000, L SRt (e e g 2423186672 +30-4
-694 +26.5
716 +17:7
-739 —11.8
-762 —35-6
-783 —36-5

NVERNE o L SRR R 188-696 +16-7 poor
714 —14-6
731 —45.7
747 —38:6
767 —55-6
-790 —61.2
-810 —49.4
May 14...... o M T e N 189-667 +18-1
-685 —22-2
-701 —28-6
<720 —31.2
<741 —51.4
-760 —54.9
781 —58.7
-803 -34-0
VR e S g e e 196-655 —74-5
-871 —48.2
-685 —78:0
-609 —75-3
-713 —53-8
726 —47.2
742 —22.8
761 — 93
) £ /[ S I S ey eyt 197663 -71-1
-679 —70-6
-693 —60-0
707 —38-0
-723 —38.0
741 —43-5
761 —-13.7
785 - 2.0
NIy 2o e e e ool 198-601 —48.7
<653 —75:5
-669 —66-0
-683 —54-8
-697 —56-5
-710 —40-9
' 727 —42.2
-747 —18.7
<767 —-11.7
IV Y20 tiorer ey S 5 S 105 Bl S e A Iy St 200-658 —24-3
<672 —19-8
686 —14.9
<701 — 4.8
<718 - 33
<738 + 8-0
2 -760 +25:0
<783 +36-7
-807 +21-2
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The above velocities furnish a fairly large number of nearly complete velocity curves,
which may be considered, within the limits of error, of constant amplitude. Their center-
of-mass lines, if they might be called so, give the following radial velocities for the nights
indicated. :

VALUES OF CENTER-OF-MASS VELOCITY OBTAINED FROM SHORT-PERIOD CURVES

Date Julian Day Veloeity
km.

R = AT ETIE D Sl et s e i e B M Sl e e i e el 2423147 + 9-0
Vo ok i SIS e | < uy U HE RN SO TR 1 it | 149 0-0
S b e R e R RO RS DL e 150 - 6.0
T e ML T B 1 s e e Gk e 152 -15-0
e O R A, T S ST (R 161 —32-0
VBRI TN e o I e o e 3 el B S s e Thin 163 —29-0
April 21........ e = e e TP e Ay SO SR o S0 i SN 166 -21-0
0 T GRS T BTN - TR (i (SR SRR, - 7 g 168 + 7-0
s 30 A W SO NSRRI S o 169 +17-0
P Ry . TR (R Sreiew 1 2o 172 +19-0
Ty vt ey St ] PR el S N M VPRI T SUSIE oty S ) G . 175 +26-0
3 R AN SU, ST S 183 —-12.0
May 10.......oooeeeeeinnnen... oy BN AR S o e 185 - 9.0
il T e S s iAo, L8 SNl o g SRS ps e B w1 sl el gl 186 -11.0
VR R vy oo v skt $78 maf ook s B L 7 W e aifomn ] Ao g e 188 —18-0
1 L L S S e DRy S 7 SRR A N [t SOt Wi 189 —20-0
D I B R e e . L Tt IR S - S U W -0 . B0 196 -37-0
N 2D A L L ST il LB s o e oo o 8 iy 197 —34-0
Al S e R R e R R I A et e R e Sy 198 —36-0
MAY 1250 o e . s o e e e e B 200 - 70

These velocities give the accompanying curve of radial velocity variation of the
center of mass. This curve is practically identical with that obtained in 1918, having
the same large amplitude. Comparing it with the velocity curves given on page 311
of Vol. V of these Publications it is found that a period of 324-25 would possibly be the
period of variation of center-of-mass velocity instead of 34¢ as formerly determined.
In proof of this we have

Year Julian Day Equivalent
e BT I (T e T e R P e ST T e Y R et 2421687 2421687
TO2O UV TN RS e e S0 S0 S s s e b ey el e et o 2461 16874 (24 x 32-25)
FOTES MG 2f oL 800 o o e ey o 1803 Sl = e 4 e 5 2816 16874 (35 x 32-25)
) S 5031 ) i R RIS e 3171 1687 4- (46 x 32-25)

For the curve of 1920 the last points (crosses) have been derived from the first points
by adding 349-08 to the abcissae of these points; they will thus have to be displaced
toward the left by about 29; moreover the first point is probably too high so that the
minimum of the curve would be close enough to J.D. 2422461, On the other hand the
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values of the center-of-mass velocities derived from Selga’s observations in 1915 do not
seem to fit the period 32¢-25, but do fit a period of 349-08 much better, as was shown
formerly*. To sum up, there seems to be a slight variation in the length of the long-
period curve; the determination of such a variation, however, must await further obser-

vations.
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* See residuals between the observed and computed velocities L.O.B. Vol. IX p. 173,
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As to the short period of velocity variation, an examination of the table given on
page 312 of Vol. V of these Publications shows that if the residuals of Obs-Pred are
assumed to be constant the mean residual will be —0%.028, so that, if the maximum
of 1921 May 10, which happens at J.D. 2422820646, is taken, it might be considered
as a good origin to compute a value of the period by using the observations of 1922. It
is found that the period 09-246828 satisfies these observations. It is a shorter period,
0-246814, which apparently connected the observations of 1920 with those of 1921.

For the observations of 1922 (computing the predicted maxima by adding 0¢-246828
a certain number of times to J.D. 2422820-646) the following table is obtained:

Date Observed Maximum Predicted Obs-Pred.
J.D. Maxirnum J.D.

TR AT V2 L RS LR 2423147 .932 -941 g —0-009
do 7T IR S ORS¢ % - R (- £ e 149.925 916 +0.009
Mol 5 e A PR ). 2 - 150-900 -903 —0-003
2 e R e i o e el s 152-872 -878 -~0-006
Ty 1 R R T s S A 161-769 -764 +0-005
AprillI8e e o CREWE DAk . .. il 163.740 <138 +0-002
2.57) U 2 e YRS . S GO TSRO G =S 166-940 <947 —0-007
AP N R e e mons oot oo [ o) eavel o 168-915 1922 —0.007
APl QA0 r A RIS L s e s 169-888 -909 —-0.021
T B i et G i s, S R o e e 172-882 «871 +0-011
April30............ paciadnll (s S LR ey o 175-840 -833 +-0-007
Moy WIRSTY o o SRR bo i Tl . S s : 183-723 =731 —0-008
1% £ KU e b s s ot S o T SR 185.713 <706 +0-007
VLAY LT . I S Ay W S Aol Bris e oo o 186-687 -693 —0-006
May 13 o i s S £ 188-661 -668 —0-007
(T TN IR W R el S T A 189.650 .655 —0-005
IVERY = ORI iy o o S T e et e iy o el 196-800 -813 —0-013
0 TN e LA e LTS 197-800 | - .801 —0-001
N e N ko e S S e, col T 198779 <788 —-0-011
IV S BT R it e Lo 1ot ok oo o Dl Mt 200-777 <763 +0.014

The observations thus indicate that:

1. The short period variation has decreased slightly from 1920 to 1921, this decrease
being of the order of 0¢-000020.

2. The short period variation has increased slightly from 1921 to 1922, this increase
being of the order of 0¢-000014.

To sum up, there is an interesting small fluctuation of the short period, possibly of
an amplitude of the order of 0¢-00004.

Taking now the observations of 1922, we may superpose the different short-period
velocity curves, so that all of them have the same but undetermined mean velocity.
We then obtain the accompanying curve which most likely has a constant amplitude.

Detailed measures of a few spectrograms of ¢ Scorpii taken in 1920, 1921 and 1922
will now be given in order to give an idea of the value of these measures. The principal
lines corresponding to the micrometer readings can be 1dent1ﬁed by using the table given
in the article on & Ceti*.

*Pub. Dom. Obs., Vol. V, p. 419.
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DETAILED MEASURES OF SOME OF THE SPECTROGRAMS

Plate 9063

1920 April 16-727

Plate 9065
1920 April 16-785

Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km., readi km.
50-838 —-79-1 2 46-802 —24-6 2
58-415 —58-3 4 50-846 —~70-1 5
62-654 —43-2 6 53-675 —92-4 3
63-390 —79.2 4 58-392 —86-8 8
62-656 —40-6 7
63-394 -73-9 8
Weighted mean  —60-5 66-990 —22-2 6
Va +19-2 67-325 -32-0 4
vd + 0:2 76-327 —33-4 2
Curv. - 03
: . e Weighted mean -57-2
Radial veloeity 41-4 Va +10-1
vad + 0-1
Plate 9064 Curv. .~ 03
1920 April 16-769 Rodial vlodty | —383
Plate 9066
Reduced 1920 April 16-804
micrometer Velocity Weight
reading km.
Reduced
micrometer Velocity Weight
50-830 — 88-1 3 reading km.
53-685 -~ 80-7 6
58-405 - 70-7 9 49.545 ~76-6 2
62-623 — 83-8 9 50-839 —78:0 5
63-203 — 66-0 8 51-391 —68-9 4
66821 — 66-2 5 53-704 ~58-5 6
66-971 — 486 5 54-156 -77-2 6
67-350 —-105-0 7 58-403 -73:2 7
68568 — 25-6 4 62-617 -91.7 2
76-311 — 58-8 2 63-392 -76-6 2
67-380 —63-0 2
76-309 —-62-0 2
Weighted mean -72-3
3: ilg} Weighted mean  —71-9
Curv. - 0-3 s 593
vd 0-0
Radial velocity ~ —53-4 S T
Radial velocity —53-1
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DETAILED MEASURES OF SOME OF THE SPECTROGRAMS—Conitnued.

Plate 9067 Plate 9638
1920 April 16-826 1921 May 16-700
Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
50.885 —26-0 1 34.237 —66-0 1
58-.394 —84.3 3 46-.767 —62-1 2
62-645 —55-0 2 49.566 —-53-3 2
63-415 —46-2 . 2 50848 —67-8 2
67-390 —49.-0 2 51.500 —80-9 2
76-344 - 6.4 1 53.208 —63-8 2
53-697 —66-7 1
58-424 —47-1 6
62.650 —48-5 3
66958 —66-7 1
70-201 ~43-5 2
76-306 —66-8 1
Weighted mean —-53-2 Weighted mean —57.5
- Va +19.1 Va + 5-8
vd 0-0 vd + 01
Curv. - 03 Curv. - 0-3
Radial velocity —34-4 Radial velocity —-51-9
Plate 9637 Plate 9639
1921 May 16-669 1921 May 16-727
Reduced . Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
50-869 —44-1 3 37.480 —62-4 13
53-699 —04-4 4 47.393 —15-1 1
54-126 —56-2 4 50862 —52-0 1
58-278 —24-8 6 51.415 —41-8 2
58.428 —42-2 4 51.528 —49-0 2
58-938 —60-0 1 53-726 —32-8 2
62.637 —65-5 1 58.428 —42.2 5
63-405 —59.4 1 62-667 —26-2 2
64-533 —73-7 2 64-809 —44.6 2
67913 —12.7 2 65-691 — 4-1 2
76-326 —35+0 1 76-317 —49-3 51
Weighted mean —45-7 Weighted mean —36-8
Va + 5-8 Va + 5-8
vd + 0-2 vd 0-0
Curv. - 03 Cury. - 03
Radial velocity —40.0 Radial velocity -31:3
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DeTAILED MEASURES OF SOME OF THE SPECTROGRAMS—Conlinued.
Plate 9640 Plate 10560
1021 May 16-757 1922 April 23-706
Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
: 45-299 —43-0 1
50-904 — 4.5 3 46-198 —44.5 1
52-494 -13.8 3 46-847 —23-5 2
53746 — 94 3 50-861 —53-1 3
55.281 —39-3 1 53-729 —29.3 6
58-462 0-0 4 55-312 — 2.4 1
64565 —30-8 4 58-438 —29-8 5
64-825 —23-0 4 58-986 0-0 1
70-228 — 4-4 2 62-690 + 3.9 2
76-319 —46-1 1 63-459 +11.9 3
! 63724 —89-1 1
67-388 —51-8 2
70-220 ~15-9 3
Weighted mean -15-7 Weighted mean —26-4
Va + 58 Va +16-5
vd 0-0 vd + 0.2
Curv. - 0-3 Cury. - 0-3
Radial velocity -10-2 Radial velocity -10-0
Plate 9641 Plate 10561
1921 May 16-785 1922 April 23-724
Reduced Reduced
micrometer Velocity Weight micrometer Velocity Weight
reading km. reading km.
46-262 +23-3 1 37-5631 —13-4 1
50-917 +10-2 1 45-323 —17-8 \ 1
58-453 -11-2 2 49-411 —52-2 1
62-709 +28-8 2 50-848 —87-8 2
63-812 +27-9 3 53.740 —16-4 4
64.615 +36-2 2 58-431 —38-4 5
67-379 +43-1 1 58-957 -36-3 ° 3
70230 - 1.4 1 62-685 — 26 2
76-333 —23-8 1 63.434 —21:1 i
70-240 +13-1 3
76-329 —-30-2 3
Weighted mean +17-3 Weighted mean ©  —25-5
Va + 5.7 Va +16-5
vd - 0-1 vd + 0-1
Curv. - 03 Curv. - 03
Radial velocity +22-6 Radial velocity — 9-2




DETAILED MEASURES OF SOME OF THE SPECTROGRAMS—Conlinued.

THE SPECTROSCOPIC SYSTEM SIGMA SCORPII

Plate 10562 Plate 10563
1922 April 23-743 1922 April 23-766
Reduced Reduced
micrometer ° Velocity Weight micrometer Velocity Weight
reading km. reading km.
34-250 —53-9 1 31-700 ~23-4 1
35.768 —-29-1 3 32207 ~34-6 1
37-509 —~34-6 3 33-250 ~39-6 1
45-298 —44.1 1 35-759 -37-6 2
48-593 -—42.9 3 37482 ~60-5 3
49.590 —26-6 1 46-202 ~40-3 2
50-889 —-21.5 7 48.565 ~73.7 1
52-465 —~47.1 2 49566 ~53-3 3
653724 -35-1 6 50-866 ~47-5 6
55-283 -36.9 3 51-415 ~41-8 1
58-431 -38-4 7 52-462 ~50-6 2
58-953 —-41.3 3 53-713 ~48-0 5
62-665 —-28.8 4 58-429 -40-9 9
63-439 -14.5 3 62-676 ~14.4 3
66-848 —29-0 1 63-432 ~23-8 3
67-011 + 6.9 1 66-976 ~41-7 2
67368 —-27.8 2 76.315 ~52+5 1
70-204 —-39.2 3
76-329 —30-2 2
Weighted mean —32:5 Weighted mean —42.5
Va +16-5 Va +16-5
vd + 0-1 vd + 0.1
Curv. — 0-3 Curv. - 0-3
Radial velocity —16-2 Radial velocity —26-2
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PUBLICATIONS OF THE DOMINION OBSERVATORY

Plate 10564 Plate 10565
1022 April 23789 1922 April 23-812
Reduced Reduced
mierometer Velocity Weight micrometer Veloci y Weight
reading km. reading km.

35.722 —72:4 2 28040 —39-2 1
40-874 -56-0 2 31-684 —37-8 2
45-307 —~34:6 1 32-186 —53-7 2
46.211 —30-7 3 33.262 —28-5 3
48581 —56-1 2 34.247 —56-7 1
49.423 —38-8 2 35-720 ~74-3 1
49581 —36-6 3 40-558 —60-0 2
50-864 —49-7 6 40-868 —62-0 1
52-455 —58-6 2 45-304 —37-8 2
53.703 —5§9-7 8 46-171 —73-1 1
56267 ~56-9 1 49.410 —53-3 2
58-417 —55-8 10 50-857 —57-6 5
58958 ~35-0 4 51-421 —35-0 2
62658 —38-0 5 52-475 —35-6 3
63-421 —38-3 3 53:716 —44-5 8
70-181 -~72:5 2 55280 —40-5 2
76-316 —50-9 2 58-423 —48.4 5
58.944 -52-8 4
62.675 —~15-7 4
63437 —-17-2 3
63-759 —42.6 2
64-576 —-16-1 1
65-080 ~27-0 1
67-350 + 2.8 1
67-894 ~38-1 1
68-570 —22-7 2
70-211 —29:0 1
76-334 . —22-3 2

Weighted mean —49.7 Weighted mean —40-4

Va. +16-5 Va +16-5

vd 0-0 vd 0-0

Curv. - 0.3 Curv. - 03

Radial velocity —33:5 Radial Velocity —24.2




DeTAiLED MEASURES OF SOME OF THE SPECTROGRAMS—Coniinued.

THE SPECTROSCOPIC SYSTEM SIGMA SCORPII

Plate 10566

1922 April 23-835

Plate 10567

1922 April 23-858

57

Reduced Reduced
micrometer Velocity Weight micrometer Veloeity Weight
reading km. reading km.
37-516 —27-8 1 41.690 +17-2 1
45-307 —-34-6 1 46-852 +28-9 3
46789 —38.5 2 50-874 —38.4 1
49.604 —11-1 3 53.733 —24-6 4
50-876 —-36-2 4 55.288 —-30-9 1
52-477 —33-3 3 58-448 -17-4 L]
53.722 ~37-4 6 58-785 +11-2 1
56-579 —18-2 2 58-968 —~22-5 2
58-127 - - 1.2 2 62-675 —15.7 4
58-430 —39.7 5 63463 +17-2 3
58.946 -50-0 2 67-004 i - 28 2
62674 i -17-0 4 67-348 0-0 2
63-405 —59-4 3 70-230 — 1-4 2
64-809 —44.5 1 76-313 —55-6 1
70-220 -16-0 3
76-320 —44.5 1
Weighted mean -31.7 Weighted mean — 96
Va +16-4 Va +16-4
vd 0-0 vd - 0.1
Curv. - 03 Curv. - 0.3
Radial velocity —15-6 Radial velocity + 6.4
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DETAILED MEASURES OF SOME OF THE SPECTROGRAMES—Concluded.

Plate 10568
1922 April 23-878
Reduced
micrometer Velocity Weight
reading km.

45-348 4+ 8-4 2
46-220 —21.2 2
50-914 4+ 6.8 3
53-702 —60-8 1
55-303 —13-1 2
58-470 + 9.9 6
58.773 — 3.7 2
62-674 -17-0 3
63-4687 +22-4 3
67-034 +38-9 2
70-245 +20-3 1
76-347 — 1-6 2

Weighted mean + 2.4

Va 4+16-4

vd - 0-1

Curv. - 03

Radial velocity +18-4

All qualities of spectrograms obtained are represented in the measures given.

DoMiNiON OBSERVATORY,
OTTaWA,
November 29, 1922,
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A SPECTROGRAPHIC STUDY OF STARS OF CLASSES A AND F

BY F. HENROTEAU, PH.D.

The purpose of the present study was to see whether any stars of the 8 Canis Majoris
type could be found among the later spectral classes. The discovery at the Yerkes
Observatory that = Cygni (class F) is of this type shows that very short-period radial
velocity oscillations are not limited to stars of class B. Since stars of class B, however,
are to be classified among the giants or semi-giants, and also since the absolute magnitude
of 7 Cygni is 1-9 (semi-giant), it seemed advisable to search among the stars of neighbour-
ing absolute magnitudes (stars probably of low density and large volume where pulsa-
tions or tidal effects would happen on a large scale) to find whether among them there
might be others of the 8 Canis Majoris type.

The stars given in the following table were observed: the absolute magnitudes given
are those determined by Dr. W. S. Adams at the Mount Wilson Observatory.!

It must be mentioned that the spectrograms of these stars secured here were made
with a wide slit. With such a slit a great gain was obtained in the time of exposure,
though perhaps to some extent at the expense of accuracy.

Most of the spectrograms were measured on a Hartmann spectro-comparator, using
a spectrogram of o Cygni as standard. This standard spectrogram was divided into
thirteen sections numbered from 1 to 13, corresponding to micrometer readings (half
millimeter unit scale) 35+ (n—1)X2-5, where n is the number of the section. In the
detailed measures of the plates f is the constant by which to multiply the sum of all the
differences, V the velocity indicated by the standard spectrogram, Vs the velocity obtained,
not corrected for the motions of the earth, while Va and Vd are as usual the corrections
due, respectively, to the earth’s revolution around the Sun and the earth’s rotation.

The assistance of Mr. J. F. Frédette and of Mr. W. A. Thorn is acknowledged.

TABLE OF STARS INVESTIGATED

& R.A. Decl. Visual Absolute ’

H.R. Star (1900) (1900) Magnitude | Magnitude | Spectrum
h m o 1

2484 EGeminorum................. 6 39-7 +13 0 3-40 2.0 F5
3569 ¢ Ursae Majoris............... 8 52-4 +48 26 312 1-9 A5
3888 v Ursae Majoris............... 9 43-9 +59 31 3-89 1.5 F
4031 CHTLEODIR: &) R e ol e oo 5 Saeer 818 10 11-1 +23 55 3:65 —0-1 ¥
4662 PICOTVAR ol Srts LIS 21 el acst e wers o 12 10.7 —16 59 2:78 — B8
5055 ¢ Ursae Majoris............... 13 19-9 +55 26 3:96 1.9 A2
5435 Y= BOOIE]-: . o f5 o eturers s o oiois Haparal oo 14 28-1 +38 45 3-00 1-8 F
5487 Ty 0 i i S 14 37-8 — 5 13 3-95 2-4 ¥5
5733 B OGS s 52U ol oree ettt sbels 15 20.7 437 44 4.47 2.2 F
6095 VIHETCUlIST e omeat v 1okt 4 o 7 553 16 17-5 +19 23 3-79 1-4 F
7377 & Aquilae. .. oouii i oemien s beeens 19 20-5 4+ 2 55 3-44 1-8 F

The individual studies of these stars follow.
1Contributions from the Mount Wilson Obs., No. 199.
54800—14
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¢ GEMINORUM

The spectrograms of £ Geminorum are none too good for measurement. They give
the following results:

OTTAWA RADIAL VELOCITIES OF ¢ GEMINORUM

Plate Date Velocity Remarks
km.

9499 1921 Feb. 18-548................ Lden sntpidn ol TR (IR 4-14.5

9500 b7 | R S A T e St 0 +14-4

9504 Febt-20-BE0.. . L R e R s sl +17-0 poor.

9506 -584...... SRS A e A T e S T e + 9-6 weak,

9509 s L g (R S T TR P A, LT Y el S +12-4

The spectrum of { Geminorum is rather complex. Professor Kiistner * in Bonn sus-
pected that two spectra are superposed; he considered the star as being possibly a close
visual double. Our velocities are too poor to indicate a short-period radial velocity vari-
ation; the velocity in February, 1921, is, however, very different from velocities obtained
formerly, which are given in the following table. This gives weight to the supposition
that the star is a close double, which would probably be an interesting object for measur-
ing by the interferometer method.

RADIAL VELOCITIES OF § GEMINORUM

_(Other Observatories)
Place Author Date Velocity Remarks
km.
BOGH Jta o or s Kiistoer........ 1910 Mar. 6-33......000an. +29.7 Kiistner considers the vel-
1911 Jan. Y S D 0 8 o +31:6 ocity as constant.

April B2 o areis e see 4 +24-6
T rore oot 8 G s +30-2
{3 D e, R 4290
13-30....0civinnnn +20-5
1k b L = +23-6
15:30 ...l +25-0
Vienna.......... Hnatek......... 1913 Mar. T800% < v evels oo one +29-5
3 8 B 8 e R e +20-4
I I8 e il sexass +25-8

* A.N. No. 4750.
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« URSAE MAJORIS

The spectrum of « Ursae Majoris is very poor. The lines are very wide and diffuse
and the radial velocities are far from reliable.

The velocities o

btained here are:

RADIAL VELOCITIES OF « URSAE MAJORIS

Plate Date Velocity
km,
10260 e P e e (et AR TG P el i o S e Y ety 8 e e S R +14.4
10261 T L s Sl e R e - 9.0
10262 SR ot S ST ATy i e o T e B T e ] B ¥ — 5-5
10263 ERITE. Al et lesanksslnaadin. g dnl oad BaGla i b el +11.6
10265 ST Tl el i M et (R ity e ST S ey R 0 P + 4.5
10266 e L S Dl o B D R s G R L R +14-3
10268 Yy e e e s e, 78 S e ere ek b a5 e okale ol yeis fomsllns oo ord + 1.2
10269 2 e G CO S w R LAY B B G S £ LR SRR T S + 4.0
This gives a mean velocity of 4+ 4-4 km.
The velocities obtained formerly by Hnatek are:—
Date Velocity
km.
B e e I e o e A +10-2
P T L L e e A TS =t (NPl = oo KPS oy SNy IS 109 SRR +11.9
Y s Sy S R el s e e | R s R L +12-8

v URSAE MAJORIS

The spectrum of v Ursae Majoris is among the poorest encountered.

The velocities

obtained here for this star have therefore to be given a very small weight. They are:—
RADIAL VELOCITIES OF v URSAE MAJORIS
Plate Date Yelocity
km.
il 8 e T e N P T SYRSRRES g o R SR e A e —11-1
10279 G RS S S M S R N G 0y DI, —23-5
10280 PN o L, e S v o B S e o 1 s 4 o i s + 74
10281 SRR, AT W' o PRI B 2 S 0 LA b 5 g ol g pii - 0.7

This gives a mean velocity of —7-0 km.

54800—2
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The following velocities have been given by Hnatek:®

Date Velocity

km,
AOIG "May 25 A2, .. .. oo Cah T st s e el e Gt R R R R +26-5
.. < SRR el i S e e S e AR S S e e T 427-4

v Ursae Majoris is a visual double star suspected to be a physical system.
¢{ LEONIS

¢ Leonis was discovered to be a spectroscopic binary by Mr. Wilson at the Lick
Observatory.t The following velocities were obtained there.

LICK OBSERVATORY VELOCITIES OF { LEONI1S

Date Velocity
. km.

3806 Fibos Y. 08B .- i - i bl oo kg o 00 DI i e B ol - 80
1905 Feb. 28 -738................ 1R S ot o B UL R LT B S PN —26.7
1008 Jun, B8 08B .. . host i ithinn dulwn s U AT Al ERTARE 3 E Lt —20-2
FO10 NEva MO AOBBLL. <vra o605 o gl bt & a2 5y mocr a2 A SR Y - 55

DG <8 T8 s 5m i 330, s & ik Sl B e e S S IEE e ey - 76
YOLT ol (8 OO s ipnieie s s £ ) e S R R R AT s S e —10-7

To this has to be added a velocity of —17-3 km. obtained by J. B. Cannon® on
1917, March 26-731.

3 A. N. Vol. 196, p. 384.
4+ L. 0. B, Vol. VI, p. 145.
§ Pub. Dom. Obs., Vol. 1V, p. 255.
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The velocities obtained here in 1922 are the following:—

OTTAWA VELOCITIES OF { LEONIS

65

Plate Date Velocity
km.
10542 e B Tt L I R T L o i e g A Y —54-2
10543 G ieyd e o (ARSI SRS TR L ool RS R S S ~57:5
10546 G S s s e L ) SIS .t —50-5
10547 5 I s e M SIS T rh S AR e 4] SV sl o A N —55-5
10553 s T N e S e s U R o S B e e P SR AL 1A ey - S —48.8
10554 ;1S SOOI o S N TN CNT I~ S | N —55.2
10555 i ol PR oo SRR 8 i TS S e S R =y AN 5 N —49-4
10556 S ey e e R A e P PR R O pome MMEDE 10 [s - 188 18 5 —59-0
10557 SRR o, s S e R i A e it s sl bR R TR L —~55-3
10558 R R e I PRI AR SRS 1 Y —55-0
10559 e A iy, e SO S o A e S R o o s s —53-1

{ Leonis is evidently not a short-period binary. The large negative velocity obtained
here is remarkable and indicates that the amplitude of the velocity variation is at least
50 kilometers.

Following are the detailed measures of two of the plates:—

Plate 10553 Plate 10556
1922 April 23-529 1922 April 23-590
£=0-05206 £=0-05206
V=-31-64 ; V=-31.64
Section Difference Section Difference
Star-Comparison Star-Comparison
Direct Reversed Direct Reversed

3 0 + 3 3 + 1 —13
4 -2 + 8 4 0 + 7
5 0 0 5 —-12 —14
6 +17 + 8 6 - 6 +12
7 +17 0 7 -3 + 3
8 0 +10 8 —14 +1
9 +12 +27 9 -5 -3
10 + 5 +19 10 4 6 + 3
11 4+ 8 +14 11 0 -7
12 +14 +22 12 + 3 +18
13 -5 0 13 +1 + 7
Sum.........v.... +66 +111 Sum.....oovvven. —29 +14

Vs —22.43 Vs —32-42

Va —26-45 Va —26-46

Vd 4 0-04 vd - 0-07

Radial Velocity —48-84 Radial velocity  —58-95

54800—2}
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¥ CORVI

v Corvi was found to be a spectroscopic binary by Dr. W. W. Campbell and Dr. H.
D. Curtis.

The radial velocities obtained here for this star are:—

RADIAL VELOCITIES OF y CORVI

Plate Date Velocity
km.
10509 1922 April 10-581............. R SR e 05 e Rl B T S S oL £ Ty A S 0-0
10510 603, ....... A A iRl S e e T e RN e e - 74
10511 A0b35 o e s L R SN P N S T e R L —16-4
10512 «SB0G s P S APy S 5 e R L Nl -10-2
10513 e e Do et e SR e e £ R e —-21-6
10514 +BBY e S e S b AR I e e —15-1
10515 o S Il T SRR e R R B b e i S I gl B ~18-2
10516 BO6; e s ol oS s e SEsaedi el b DR angha -12-3
10517 o1 1 et R N I h L e Y SO e LAl DT S o b B —15-6
10518 L SN e oA, g T sy L e I o e —13-6
10519 +638......... B T e e e SRR T LTS g G ey ) —20-4
10520 +649........ LT T - ol ol S iR e S b o R W —20-1

The star is probably not of period shorter than one day. The period must, however,

be fairly short. The radial velocities published formerly are:—

Place Authors Date Velocity

. km.
Yerkes..... Frost and Adams....[| 1902 April 2:688.........cccviriiinireninnnenniennns - 7.4
SEORE b e sty oe e e e 5 2T A - 70
19:71000 . oo o B 7. ot AR et A A e — 6-1

Lick.......| Campbell and Curtis| 1902 Dec. 30  ............ T I e R + 2

1903 'Reb.. 287 H e TR e e Bt w5 0

May 6 N APERERA) 1 W PSR Cp (OE-TIRRUTL | (1 23 o e, X —20

Mayill S st e L Grateyove G - 6

May: T coecm . WGC A B it o e Ut + 4
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The detailed velocities of two of our plates are given here:—

67

Plate 10510 Plate 10519
1922 April 10-603 1922 April 16-638
f=0-06172 £=0-06172
V=-81.64 V=-31-64
Section Difference Section Difference
Star-Comparison Star-Comparison
Direct Reversed Direct Reversed
3 +42 +-37 3 + 5 +16
4 +23 +-28 4 4+ & + 9
5 +30 426 5 +16 +15
6 +18 +20 6 +20 +18
7 +17 + 9 7 +27 +20
8 +18 +28 8 430 +21
9 +35 +4-32 9 +26 +13
10 423 +34 10 +14 +11
11 428 425 11 4-19 425
Sum....... o +234 4239 SUI..evvienenenns +162 4148
Vs — 2.4 Vs —12-51
Va -~ 5-06 Va — 7-95
vVd + 0-12 vd <+ 0-02
Radial velocity — 7-38 Radial velocity —20-44

¢: URSAE MAJORIS

The lines in our spectrograms of {» Ursae Majoris are rather diffuse, although fairly
good for spectra of class A. The velocities obtained are:—

RADIAL VELOCITIES OF {; URSAE MAJORIS

Plate Date Velocity
km.
10477 1 s R o F s s et o e R it s o O PR e —21-2
10478 L o o L, B W Bl O B e ey e | —21-8
10479 s T L T 1 L L Ty e -17-7
10480 e B L e o R o ey Uy —23-5
10481 T DA Uy vt s ot P e L e e T 3 AT et —21-0
10482 O o S s e ey ot R 5 ol L ek A o At e B e —31-0
10489 AP C S B0 e e b e ot 38 = A W B T L T L e e —27-4
10490 O s B At Wy ST i e e s e e O Y e T onenl o Ak —25-6

Considering the large velocity of plate 10482 as accidental it seems likely that the
star is a spectroscopic binary of fairly short period, but not shorter than one day.
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The velocities obtained formerly by Ludendorff at Potsdam® are:—

Date Velocity
km.
TOOB April 20808, . o s o om 23005 Hnios n be s 4 KU ol A A G e S S S ~13.0
3 T S NS S R R T e -12-0
1806- April A10+400., . i T PR R ST BTN SR P R —14-0
My &8I0 .o iai s prnbes A St b bt e s S SR - 9-6
bt iy o SO SRt bt I RER . RS T e ¢ P s SR - 73
s SRR L e ERe i L S Rt o i o B -13-0
Sy St b | A g il | e RRIR T ST o g R e S Fe A —~14.0
6 7 R s R e Sl iene e o e e e e s g R - 79
T RV U RN T et Sy e S TR S TR —-10-0
1 s Vi TR Ty S IPen Tl I e S R R MAS | S SR S D N R e R —16-4
BB s A BT e T e e s i ol . —11-7
2834 L PR L R s T 4 osbybre AL abis SNt e fagetio D 5ol R RGTR L L L —15-1
SERy 19008 . it R L T AR e R R e 7y
ARG, R R v b e S R e e R —13-4
Frost and Lee also give a range of velocity of —17 to 410 km.?
The detailed measures of two of our plates are:—
Plate 10477 Plate 10478
1922 April 2-561 1922 April 2-590
{=0-05206 f=0-05206
V=-31.64 V=-31-64
Section Difference Section Difference
Star-Comparison Star~-Comparison
Direct Reversed Direct Reversed
3 +19 +20 3 +19 +23
4 + 8 +12 4 +14 +9
5 + 7 +10 5 + 3 +23
6 -1 +11 6 +17 +18
7 + 7 + 7 7 + 2 +9
8 + 7 +12 8 +9 + 7
9 +20 +28 9 0 +28
10 +15 +28 10 +20 +35
11 +18 +27 11 +20 +27
12 +15 +26 12 +13 +18
13 +15 +34 13 +1 4168
o108 i oy i (e +130 +213 BUnY el s +118 +213
Vs ~—13-78 Vs -—14-41
Va — 7-55 Va — 7-56
Vd 4 0-17 vd + 0-15
Radial velocity —21.16 Radial velocity  —21-82

¢ A.N. Vol. 177, p. 9.
7A. N. Vol. 177, p. 171.
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¥ BOOTIS
Professor P. Guthnick? Director of the Babelsberg Observatory, has investigated
v Bootis with the photo-electric cell. He found it to be a variable of a very small ampli-
tude, 0™-05, and very short period, 0¢-290313. The probabilities are then that ¥ Bootis
is of the 8 Canis Majoris type. Unfortunately its spectrum is very poor, the lines being
wide and diffuse. Only one radial velocity, —35 km., was given before for this star by
Dr. Campbell.? 3

The velocities we have obtained are the following:—
RADIAL VELOCITIES OF v BOOTIS

Phase, taking

Plate Date Velocity 1922 Mar. 25-762

as origin

km.

10472 117 PN e T S A Y T R R L —48-8 04.047
10648 May 14-500. Dol Goloo e Ll AL LI TR T A E R e T —48.3 0-184
10658 Bt b M T et TR A e s deter —46-5 0 -137
10659 B, 5 e T e o e D S L AT S | —63-6 0 -006
10660 3772 o O g5 oS4 SR TSRy —60-8 0 -014
10662 SRROLER L, L e o b R e T e L —49-.1 0 -043

A variation of radial velocity is possible. The phases are given for the period
04.290313; a curve could pass through the plotted observations; there are, however, too
few observations to say with certainty whether the radial velocity variation admits of
the above period; the spectrum is also too poor.

Following are the detailed measures of two of the plates:—

Plate 10472 Plate 10660
1922 Mar. 25-809 1922 May 15-581
£=0.11457 £=0.05818
V=-31-64 V=-31-64
s Difference ; Difference
Section Star-Comparison Section Star-Comparison
Direct Reversed Direct " Reversed
6 -40 ~38 4 —20 +22
7 —44 —16 5 —26 440
8 —42 -9 6 —14 -2
9 —38 +17 7 ~34 -11
10 + 3 +20 8 —32 -~ 4
9 —30 —~10
SUIV: e oy e Gt —161 —26 10 —-59 —24
Vs —53.07 i; _23 - 2
Va + 4.25 13 —15 =
vd 0-00
Tudial welodity 4882 SOMKG o c oo nriin s —300 -3
Vs —49.27
Va ~11-61
vVd 4 0-13
Radial velocity —60-75

These measures are average ones; they show that the spectrograms are in the main
very poor.

% Verdff. der U. Sternwarte zu Berlin-Babelsberg Bd. 11 Hefs 3/p. 128.
L. 0. B. Vol. 7, p. 116.
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px VIRGINIS
Only three spectrograms have been secured of this star; they give the following

velocities:—
RADIAL VELOCITIES OF x VIRGINIS

Plate Date Velocity
km.
10595 22 Aprl 30 GA0 T N R o e Sl —21-6
10596 IR AR e Sl b DR i E b b T L — 55
10597 1 e S e Sl e i e ody SRk e Oy T Tl o N -11-1

A short-period radial velocity variation might be suspected but more plates will be
needed to ascertain this, especially since the lines are wide and diffuse.

The star was announced to be a spectroscopic binary by Dr. Campbell® (discovered
by Mr. Burns). The Lick Observatory velocities are the following:—

=
Date Velocity

km.
TRO8 AprilIBEBOL - . o Lt i o i s s e hordtallle o e nimetols Aot arel ot T AR AR R tn o e e e 4 6
1899 Hebi THROLIB 5 . i i Wi o osor ors oo s St o ot S Tl Lo ke e LIt o e 0
NEY SZVBO2L. o on o bt 5 T o aimes 55 s ot byare I e o Tt e 8o B SN e 0 e T 4+ 1
1904 MAag- 23 T86.10 oo h e Lt e e 8 s o 4 e e & B R L v O Ay TAE B o R -2
NS AT TOMEL, v o o o it s et o o Wiy £ 01 e TRl e T e gl 0 +17
JO06 ApEll Z5QTh -1 oo laraihinre o iole ettt U s el Ve R Pl ons Vo Y s e v et P, MLl 4 5
90T ADEIL " BEGZT .« ciotora atormime o/ i et v looalt re gyt o e e e o G o S e L e 411
T910 Febis TTNO7 . & o aperas v s ons d o o s 2t (koo o Ao A SO s alems 1 s At B 4+ 2
TOTY AP 208157 ¢ r.itis st 2 poloh ks 3% (Shever s poresas svom et al ot e e U O et ol +1
BOIBERY. fiacmiia s ronel 3 o ToTe e e 2% o AT oy P i (Ml e o, 2 vy s et Lol et PG PP + 6

r BOOTIS

The spectrum of u Bootis is very poor and difficult to measure. The lines are wide
and diffuse.

Five spectrograms were secured on one night, but only three were measurable. They
give the following velocities:—

1 L, O. B. Vol. VI, p. 146
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RADIAL VELOCITIES OF x BOOTIS

Plate Date Velocity
km,
10289 JO02 Heabe J ST L o e Conseiv i Dl o Jauisain dhl sl e e S —-29-2
10280 et T AN e e e SRR (e (I (R B s i —17-2
10291 S B o A e e e S e e S et H e e —18-8

Velocities obtained formerly are:—

Place Author Date Velocity
km.
Allegheny........ F. C. Jordan!,..| 1909 Mar.26-790........c00oininerrereronnronnnnnes -13-3
ADTHASSTTAR st Sas o N e e S —19-4
% A0 S ) T N I A S —-10.6
R G e e ik (U BN LR gL —15-1

A real change in radial velocity is doubtful.
¥ HERCULIS

Dr. W. W, Campbell gave one radial velocity, —39 km., for this star.

The velocities obtained here are:—

RADIAL VELOCITIES OF y HERCULIS

Plate Date Velocity Remarks
km.

10590 O AT L A e O 0 T nel FER - h bl e oro o oo Tl 22 —40-2 weak

10591 S O e i oy o S e S IO, —49-3 poor

10592 SO0 o o S ey Py ok o) ey s ogen e 0 —62-0 very poor

10593 2T e et s e S e o ez £ ek S BV s, sy —46-2

The spectrum of ¥ Herculis having very wide and diffuse lines a variation of radial
velocity is doubtful.

1 Pub. Allegheny Obs. Vol. II, p. 124.
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The detailed measures are:—
Plate 10590 Plate 10591
1922 April 28-549 1922 April 28578
f=0-05206 f=0-05206
V=-381.64 V=-31-64
Section Difference Section Difference
Star-Comparison Star-Comparison
Direct Reversed Direct Reversed
3 —12 + 2 3 —50 —39
4 —36 -19 4 —~28 -23
1 -11 ~50 5 —33 —47
6 —38 -31 6 -3 —44
7 —~15 —-15 7 —24 -17
8 —-20 -5 8 —47 -27
9 -6 + 3 9 —12 —34
10 -10 -13 10 —14 -31
11 —22 -19 11 +8 —12
12 +21 -19 12 413 -7
13 Y -2 13 —15 -13
Bum. ks o —156 —168 ) S S O —205 —204
Vs —48:6 Vs 576
VYa < 8.0 Va < 80
Vvd 4+ 0-3 Vd + 0-3
Radial velocity —40-2 Radial velocity —49-3
Plate 10592 Plate 10593
1922 April 28-604 1922 April 28627
£f=0-05206 f=0-05206
=-—381-64 V=-31-64
Section Difference Section Difference
Star-Comparison Star-Comperison
Direct Reversed Direct Reversed
3 —-66 —-36 3 —68 —28
4 —41 —42 4 —49 ~28
5 ~53 —~32 5 ~58 -17
6 -13 -38 6 -30 -18
7 —-22 —42 7 —-19 —14
8 —24 —52 8 -—26 -9
9 —29 —20 9 - 8 -6
10 -27 —35 10 + 4 + 2
11 —24 —-56 11 0 —24
12 -33 =33 12 +16 -9
13 —41 - b6 13 —-30 =23
311 TR —353 —391 B e g —268 -172
Vs -=70-3 Vs ~—54-6
Va 4 80 Va <+ 80
vd + 0-3 vd 4 0-3
Radial velocity —62-0 Radial velocity —46-2
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8 AQUILAE

The lines in the spectrum of & Aquilae are rather diffuse and difficult to measure.
However, it shows a decided range of velocity variation. The star was discovered to be
of variable velocity by Dr. Campbell and Dr. Curtis at the Lick Observatory.? It was
afterwards investigated by Mr. Parker, who secured and measured thirty-four spectro-
grams, but failed to find a period for the radial velocity variation. Spectrograms have
been secured here on five different nights and their measures indicate a very short period
of about 0P-1571; it can thus be classified among the stars of the 8 Canis Majoris type.
At the request of the writer, Mr. Otto Struve at the Yerkes Observatory, after securing and
measuring a series of spectrograms, confirmed the fact that its radial velocity variation is
of very short period.-

The case of & Aquilae is thus similar to that of r Cygni. The spectra are almost
identical; their absolute magnitudes are 1-8 and 1-9, respectively, and they are both
situated in dense regions of the Milky Way.

The radial velocities we have obtained are:—

RADIAL VELOCITIES OF 5§ AQUILAE

Plate Date Velocity
km.
10672 1 o e e o o A U L LR ol SRR M vt L R S —15-4
10673 T L e ([ L A e i P N, [ S —22.7
10674 L N e R L T S e, F= PR B [ s Pt A -31-2
10704 e R e T e —55-8
10705 B L L o T o T ST 8 Mo i et N e g o —20-8
10706 Y e TS LS L P D g = P oV ) 1 I P - P PR ey D —29.6
10707 2 Ny e O o 1t o s S s s et Yo rem ST 8 S e ar el oxmnat <2V e, Sieke ol st Toe) e o rdl ek —41-0
10708 T e T R T AP LR —34-0
10709 C (TIPS e 0 g | AR e s el Ao (1 Iy e S A0 i MR (e e —~32:9
10710 L N e yn o T o Py oo T T e G V0 e A S I = oty Mt e o —59-5
10711 E8OR e S P e T e R T T el i 1 s —-50-5
10724 W R e T i ot et e e o et AL e T e e & - i Sl —-41-0
10725 L B I T e Bkt I e L W Eo) 114 SR e e —29-8
10726 D e L T o M A 1 B T s MV bes e i et 2 o —38-8
10727 O e s e o T A vy A il b ol S Mg B Lo o ) —37-5
10739 DT 0 O e LSRN vy e S e ST R S e —41-1
10740 2O s | N o e 5 OV Sl e & o it T ol e = L s opa o e 8 o el —45-4
10741 ] ST LR £ A R TR R i S R, S LR Ry —59-4
10742 1 e G AT e o LA T 1 O L g ot S, I O —53-3
10743 GO, e e oo e S e e S N e s Bl e —53:3
10744 UDET0 =001, 5 i e L one o e 04 oy 2 (s W2y v B b ko ' o = SRRt —47-4
10745 L S s iy Sy onim ot S ae e Tageg i o ant ot L MO e o & ey 3 o AR S Bl 3 & —40-5
10746 T e A el © R AT 2 NI e o OB O s Sy 2t SRS —55-5
10747 e R ot T TR e e e e L —60-1
10748 20 ma bl s At bt o TR Gl S R e s - e e e -33-9
10752 FROGIE Ay oyt 8 ot o) o Mt op S os e 8 cemace TS, s nspemes -39-5
10753 o T e DA AN 0 T e e Sy G T R S S X —48-0

2 Ap. J. Vol. XVIII, p. 308.
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If the above velocities are plotted, taking the time as abscissa and using the period
0¢-1571, one can see, account being taken of the errors of observation, that they have a
tendency to follow a curve of rather steep ascending branch (see figure). In the figure
the five different nights are represented by the numbers 1 to 5.

85 AQUILAE
km.
é
-20 2
X !
. / A%
5/ N
3 / 8 2 8 a4 9 5 3
-40 r3) 5 o) O (9]

5
[¢]
\./ 5

-~

O
ok

T T e

o%7 d
Complefe Observations of 1922 plofted on those of May 278

S.Ww Anx 1923
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The detailed measures of the plates of May 27th are given in the following tables:—

Plate 10704 Plate 10705
1922 May 27-701 1922 May 27-724
f=0-05206 f=0-05206
V=-381-64 V=-31-64
Section Difference Section Difference =
Star-Comparison Star-Comparison
Direct Reversed Direct Reversed
3 —61 —57 3 —26 + 4
4 —54 —60 4 —26 — 8
5 —65 —27 5 =21 -4
6 —52 -31 6 —22 —11
7 —67 -17 7 -17 -3
8 —61 —41 8 -19 —15
9 —-29 -21 9 -9 -1
10 -39 -20 10 — 8 + 1
11 —35 —12 11 —10 +14
12 —15 -7 12 0 +16
13 —43 -27 13 0 — 4
1L e Lol o i —521 —320 S ok S —158 -11
Vs —75-42 Vs —40-44
Va +19-39 Va +419-39
vd <+ 0-25 Vvd + 0-21
Radial veloeity —55-78 Radial velocity —20-84
Plate 10706 Plate 10707
1922 May 27-745 1922 May 27-763
f=0-05206 f=0-05206
V=-31-64 V=-31-64
Section Difference Section Difference
Star-Comparison Star-Comparison
Direct Reversed Direct Reversed
3 —19 —14 3 —30 —26
4 —28 —25 4 —57 -21
5 —-30 —-18 5 —53 — 4
6 —41 0 6 —20 -5
7 —-31 - 8 7 —~33 —-10
8 —39 -1 8 —-27 — 6
9 — 8 -1 9 —43 —13
10 —-17 —-12 10 —40 —26
11 —16 — 4 11 —33 —22
12 -10 -1 12 —34 —16
13 —14 -1 13 —~36 -1
VLT e b sratre e ey e v —253 —85 R UETER vty e Yol A S —406 —150
Vs —49-24 Vs —60-58
Va +19-38 Va +19-38
vd 4 0-18 vVd + 0-15
Radial velocity —29-58 Radial velocity —41.05
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Plate 10708 Plate 10709
1922 May 27-781 1922 May 27-797
£=0-05206 f=0-05206
V=-31-64 V=-31-64
Section Difference Section Difference
Star-Comparison Star-Comparison
Direct Reversed Direct Reversed
3 —36 —21 3 = —14
4 —44 —24 4 —30 -2
5 —47 —~14 5 —49 -9
6 —41 —14 6 -36 -2
7 —28 —19 7 -33 -9
8 -26 -18 8 —15 -12
9 —-28 — 6 9 —-13 —24
10 —19 -7 10 —30 -13
11 4+ 1 + 2 11 -17 -2
12 - 8 -1 12 —18 —-10
13 -9 —12 13 -~ 8 —~15
Bals. ot L —285 —134 i (L A R ~286 —112
Vs —53.45 Vs —52-36
Va +419.37 Va $19.37
Vd - 0-11 Vd 4 0-08
Radial veloeity  —33-97 Radial velocity  —32-91
Plate 10710 Plate 10711
1922 May 27-812 1922 May 27-828
f=0-05206 {=0-05206
=-31-64 V=-31-64
Section Difference Section Difference
Star-Comparison Star-Comparison
Direct Reversed Direct Reversed
3 —41 —37 3 -39 -33
4 —57 —~43 4 -39 -32
5 -70 —53 5 —44 —33
6 ~56 —49 6 -29 —48
7 -39 =27 7 -38 —41
8 -~70 —22 8 -52 —44
9 -33 —54 9 —30 —29
10 —38 —~14 10 —41 -20
11 -39 —42 11 -30 —-22
12 —47 —34 12 =31 —25
13 -35 - 8 13 —-28 - 8
Sum.............. —525 —383 110 1 Dt S S —40 —333
Vs —78-91 Vs -—69-85
Va +19-36 Va +19-38
vd -+ 0-05 vd + 0-02
Radial velocity  —59-50 Radial velocity  —50-47
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Following are given the velocities obtained previously both here and elsewhere

RADIAL VELOCITIES OF & AQUILAE (Former Values)

Place Author Date Velocity Remarks
km.
BTeH NS SR DR N LON 1900 May 22... 0.0 e de o —25
TR el R Bl o A T -35
1903 May 12......cccvvennsn.. el Bl 2
L e ke e S e R D -32
Potedam. . . .|Ludendorft....... 1904Bept: “Hr8L7. . LT S =31
ity ) ety el e S —60
SRR ¢ IS e P -47
i 7] BPRE R RS PR el SO —33
Ottawa..,.. Parker. L0 1908 - AUgr 6278, oo o it Gase st o oy e —41-8
ok U e v S —45.2
ST R R e Ll S e O —45-1
Bept 10641 . o Ak idde s s —25-0
R T r e —29.0
Ot 28:8570. o oo s o e e itie —39.7
1907 May 8lu79.. 08 . cu s iy voial il —29-9
1 TR T T T I O . —42-8
Juby= 2T s mevi e sstimsle wedaTa ~19-5
W 0 LR R e BRI R e —28-0
R 14 R B T —15-6
“ 10-68....... e ey e tza g —18-5
R R k- —16-5
A BBl A T E s e —25-7
BB S R N e —29-4
Sehb. 1000, ot s o s s e —25-4
S A8-SBY. AN L L ESLINE Lol s =270 Mean of two
1908 May 18-83.....000vviviiiennnnnnn -21.9 measures.
. S ERY IRE . ot Sl o e sl st —40-1
June: G583 el e e -~29-9 Mean of two
e e —35.5 measures.
S 24T P o el T s ~29.5
e e O e S S g b S —39-8
O T T = IS et a O s A —40-9
Q1) A e R e et —21-9
SR AT At s A ST L S e —36-4
R L R e I s I S Sl e —26-1
A B e e D e SR, S e e | —34-6
G e o 0 6 S e —47-0
O L GO A e il e (2 oo =307
R Gy 0 R e ST A -39-1
AUB HBTH ol A s e« s bereel —29.7
LD AT e s rnr el o o SR —-31-9
L 6D N S & I W R L e B —39-5

The present investigation was not very fruitful in detecting new stars of the g Canis
Majoris type that are not of class B. At present only three such stars are known; » Cygni
discovered by Paraskévopoulos, ¥ Ursae Minoris, discovered by Otto Struve, and &
Aquilae. (Possible additions might be ¥ Bootis and 8 Ursae Majoris).!*

3L, 0. B. Vol. IX, p. 22.
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The remarkable fact about the above three stars is the extreme shortness of their
periods, three hours more or less. For v Ursae Minoris, Struve gives the period as 2 36™ 10%;
compared with similar stars of class B, where known periods range from about 4" 30™ to
beyond 6", it is much shorter. Also the lines in these three stars are rather wide and
diffuse while in early class B stars they attain a higher degree of sharpness, the spectrum
of B Canis Majoris, for instance, being among the best.

In a recent investigation on a method of deriving the distances of the A-type stars
by W. 8. Adams and A. H. Joy, it is said:—

“There seems to be little doubt that great intrinsic luminosity is associated with sharp and narrow lines in all
speetral types and that this is due to the low density in the atmosphere of such stars. In stars of various spectral
types, such as g Orionis, « Cygni, the Cepheid variables and « Orionis, this effect is very marked, and the change
in the character of the lines of the variable star o Ceti from maximum when they are well defined, to minimum
when they are diffuse and vague, is an excellent illustration of the same phenomenon.”

Taking account of this, if we consider the variations in Cepheids as being due to the
same cause as the variations in stars of the 8 Canis Majoris type we must come to the
conclusion that the longer the period of radial velocity oscillation, the smaller the density.
Along these lines the following table seems to point naturally in that direction.

Type of Variable Spectral Class Length of Period Character of Lines
(approximate)
Cepheid..........coocoe ibant 0 L 35t05days. ..coiiuiunininnns Sharp.
N A o KAt Tl 16to3daysorless............ Sharp, perhaps a little more
diffuse for some short periods.
B Canis Majoris........... APt Ay e 8hto 430, .. ittt Fairly sharp, sometimes a little
diffuse.
TR s 2 AandF......... e fdB 102830, il e 'Wide and diffuse.

The period decreases with the advance in the age of the star, (adopting Russell’s
theory of evolution) while for real spectroscopic binaries it is usually the reverse that
occurs.® The above table suggests, then, the probability that:—

The period 18 a funclion of one variable, the mean densily of the star alone; or perhaps a
Sunction of two variables, mean densily and mass of the slar, the variation of the mean densily
being by far the mosl imporiant faclor in making the period vary.

To explain this theoretically one might consider for instance that a rotating star
assumes the form of a Jacobian ellipsoid not very far from the point of bifurcation
between McLaurin and Jacobian ellipsoids, such as was assumed in a theoretical study of
o Scorpii.® For such a Jacobian ellipsoid we would have, if we call » the angular velocity
of rotation, p the density of the ellipsoid and f the universal constant of gravitation.”

2
o i 18709, very nearly ¢))
27fp

If we assume the radial velocity oscillations as being due to some kind of pulsation
it is very likely that the period is a function of the density alone. It was shown by Edding-
ton that if we have two similar globes of fluid** executing oscillations under their own
gravitation, their periods will be inversely proportional to the square roots of their densities,
so that a formula similar to formula (1) can be adopted, or:—

" Proceedings of the Nat. Ae. of Sc. Vol. 8, p. 176.
% L. O. B. Vol. VI, p. 38.

16 Pub. Dom. Obs. Vol. V, p. 314.

17 Tisserand Mécanique Céleste, Vol. 11, p. 104.

8 The Observatory, Vol. 41, 1918, p. 379,
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= =0 @
where P is the period of oscillation, C a constant and p the density of the body. The
period-luminosity law as found by Miss Leavitt for the Cepheids of the smaller magellanic
cloud and extended by Shapley to the case of Cepheids in star clusters, adds a large
observational weight to the above theories. If we consider the spectral class of a star as
a definite measure on a scale, we have to suppose that this spectral class is a function both
of the density and of the mass of the star. We know already from Eddington’s work on
the interior of the stars that only stars of larger mass can attain the B type in their evolu-
tion and stars of still larger mass the O type, (according to J. S. Plaskett’s discovery,®
an O star has been found the most massive). The following hypothesis as illustrated by
the accompanying graph is then very logical. This graph is self explanatory; the curve
representing the life-history of a variable star (as represented in the figure) would have an
equation of the form f (2, y, «), where z is the period of variation, y is the spectral class
and a a variable parameter or the mass of the star. This leads immediately to the follow-
ing conclusion:—

]
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© gter
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¥ M. N. Vol. 82, 1922, p. 447.
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Let us assume for the sake of argument that the variability in these stars is due to
pulsation. Any other theory where the period is very nearly a function of the density
alone would do. A pulsating star of small mass which would have an evolution, let us
say M K G F G K M, without ever attaining the stage O or B, or even A, would, however,
decrease in period as any other Cepheid would. When it had attained a rather consider-
able density, for which the formula (2) would give a period of a fraction of a day, it might
still exhibit the spectral characteristics of a giant F because near the top of the giant stage
of its evolution, but it would be a star of small mass and most likely of low iotal brighiness.
Indeed, if it had a larger mass, the graph indicates that it would be near class B.

Cepheids in clusters as well as a very few Cepheids of our galactic system (those of
the cluster type) have very short periods, periods such that the graph for galactic stars of
average mass would place them near early class B. But these Cepheids are nearly class
F; hence, according to our hypothesis, they would be of small mass, perhaps much smaller
than the average mass of a galactic star. Accordingly, stars in globular clusters would be
very small stars; their atmospheres would be highly ionized and their spectra would exhibit
strong enhanced lines and weak arc lines, but they would be of low total brightness,
because their masses and their volumes would be very small. The fact that in the globular
clusters there are some Cepheids of longer periods, besides the short ones, does not detract
any from the above hypothesis.

In conpection with this idea a recent paper by Professor H. N. Russell® on the caleu-
lation of masses from spectroscopic parallaxes is of singular importance. Part of the
abstract of this paper is as follows:—

“Caleulation of masses of stars from spectroscopic parallazes. It appears probable that the line intensities upon
which spectroscopic parallaxes are based are functions of the temperature and density of the siar’s aimosphere. If this
were exactly true, all stars of the same surface brightness and density would have the same spectroscopic absolute
magnitude, and the masses, computed from the speciroscopic parallazes would come out the same for all the slars of such
a group (whatever the dispersion among their actual masses) and equal to the geometrical mean of the latter. To
obtain a reliable measure of the dispersion in mass among binary stars, parallaxes must be determined in some
other way.

Speciroscopic and dynamical porallazes.—It follows that the spectroscopie parallaxes and the dynamiecal
parallaxes (derived on the assumption that the mass of a binary system is equal to the mean value for stars of its
spectral type and absolute magnitude) are systematically equivalent to one another and really rest on the same phy-
sical relationship and assumptions.”

In other words, although it has been shown that the dispersion in mass for the majority
of the stars is probably not large, there might be exceptions, such as stars of very small
masses in clusters, which by Adams’ method or by Shapley’s assumption of period-
luminosity curve would be classified as giant stars and supposed to be much larger than
they really are.

Schouten? finds the distance of the globular clusters about seven times smaller than
does Shapley.2? The former bases his results on the assumption that the luminosity curve
for stars in the clusters is identical with that found for the stars of the whole sky. The
latter bases his distances on his estimations of the absolute luminosities of the Cepheid
variables found in the clusters; the values he gives for these luminosities may be entirely
too high.

® Ap. J. Vol. 55, 1922, p. 238.

3 Proceedings of the Ac. of Sc. of Amsterdam, Vol. 20, p. 1108 and Vel. 21, p. 36, 1918.
# Contributions from the Mt. Wilson Obs., Nos. 151 and 152.
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Kapteyn and Van Rhyn® from the observed proper motions of the galactic Cepheids
of so-called cluster type compute large parallaxes and relatively low luminosities for these
stars. They conclude, therefore, that the analogous short—period Cepheids in clusters
may also be dwarfs, and consequently that the distances assigned by Shapley to globular
clusters may be about eight times too great.

The following mean radial velocities of short-period Cepheids have also to be noted :—

Star @ Period Radial Author
1855-0 Velocity
h m ] d kIIl-
SHAMNE B T) 1 T N P (IR, 11 29 38 0-6604347 —193 Adams.
(457 B VoY v (I s i T Y 4l O 12 10 38 0-56965 - 74 Lo
1245 il 510757 51, TRt e R R s A 14 27 21 0-377333 — 51 «
B CEYTRR, oo & Lot oo < el o s Byacoad 19 20 17 0-566826 — 69 Kiess™

These high radial velocities are more suggestive of stars of small mass and hence of
rather small intrinsic luminosity. It may be supposed, however, as was done by Shapley,®
that these stars have small parallaxes, large intrinsic luminosities and great peculiar
velocities; then the fact that they are so widely distributed over the sky, combined with
their small parallaxes, would cast some doubt on the possibility of their forming a cluster
similar to the Taurus or the Ursae Majoris clusters. An investigation of the space motion
of 1,646 stars by Adams and Stromgren has shown that the average velocities of stars of
types F, G, K and M vary with absolute magnitude to a marked degree, the fainter stars
moving more rapidly than the brighter ones. The giant stars show an especially regular
increase of velocity with decreasing brightness. If the kinetic theory of gases be applied
to the sidereal universe, assuming an approximate equidistribution of energy, the most
massive stars should have the lowest velocities.

It is quite likely that for the average galactic star of mean mass on the descending
branch of evolution, the value of the density would soon be too large and hence the period
of variation would soon be too small (if pulsation, would soon be stopped); so that in
classes G and K of the galactic stars we cannot expect to find stars of the 8 Canis Majoris
type. A certain number of stars of classes G and K have been investigated here in order
to find whether any of them were of the 8 Canis Majoris type, but none have been found.

To sum up, in the light of the comparison between the periods of the Cepheids and
those of the stars of the 8 Canis Majoris type, a relation such as that indicated by the
accompanying diagram seems to be logical. A whole family of such curves would of course
be required for a complete representation, each one being lower than the preceding one with
increase of mass. For the stars of our galactic system these curves would usually be
comprised between narrow limits, but for stars of globular clusters, it might not be so.

# Bul. of the Ast. Inst. of the Netherlands No. 8, 1922, Mar. 13.
% 1. 0. B. Vol. VII, p. 146.
% Contributions from the Mount Wilson Obs., No. 153, p. 10.
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It is of great interest to consider here the following extract from an article published
recently by Dr. Paul W. Merrill # of the Mt. Wilson Observatory.

“Mesasurements of the velocities of the Md stars by spectroseopic methods have shown them to have the highest
speeds of any class of stars. The average residual radial velocity (random motion of an individual star) is 31 km. per
second, and the average space motion is twice this. Some of the highest velocities measured are given in the following
table:—

Veloei Period Range

km. days magnitude

157 S T B M s e S e e e Dt SR A R 4 102 186 5-9
X Monbearobistl e el | oy Ll BRI s I AR AR AL + 146 Irreg. 2-0
p FR1 6T TR E T A R ORGSR S 7 av o s - 102! 257 6-7
Sobibrab.. . s B s s Dl A SN e AR g - + 285 192 5-4
R Draconis..... HERE R LG Ve VL e N T g Rt L - 144 246 5.7
T Herculis........... s s bl SRR S G s TR RS e O - 130 165 6.4
W Biormen: LI oIV e dinl Lo S el i e TR - 182 197 4-9
T ORIl G S BN IR e R TR e [ B 127 190 5-3
B Clvmniicl ) ik e W T R . | i 173 263 6-0

The periods of these stars are less than the average for all long-period variables. Why the shorter period stars
should have higher velocities than the others is a question we cannot answer.”

An extension of our diagram as given above, considering the long-period variables
as Cepheids, as many astronomers do, would answer this last question. Indeed if we
consider the average period of variation for stars of class Md of average galactic mass it
would be in the neighbourhood of 400 days or more, so that if on the diagram we take as
abscissa the logarithm of a period in the neighbourhood of 100 days and as ordinate the
one that puts the star in class Md, the corresponding point would be on a curve of small
mass—the star would then probably have a larger space motion.

My appreciation is due to Mr. R. Meldrum Stewart for his kindness in reading my
articles and discussing with me important points.

%Some Results of Spectroscopic Observations of Long Period Variable Stars. Published by the Amer. Ass. of
Var. Star Observers, May 25, 1922.

DominNioN OBSERVATORY,
Orrawa, 4w
January 15, 1923.
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GRAVITY IN NORTHWESTERN CANADA
INTRODUCTION

During the season of 1921 five gravity stations were established in the Mackenzie
river basin. Four more, two of which are farther north than any of the stations of 1921,
were occupied in 1922; one of these, Arctic Red River, is about 60 miles north of the
Arectic circle. A preliminary report* on the work of the previous season has already been
published. The present publication contains the results of the two seasons’ work.

The determinations were made with a half seconds pendulum apparatus of the Mend-
enhall type. Three bronze pendulums, each of approximately one half-second period,
constitute the pendulum set. In some cases ouly two pendulums were used but at most
of the stations observations were taken with all three. Concrete piers were erected on
which to set up the apparatus; the flexure was measured with an interferometer. At all
the nine stations, with the exception of Peace River, which is on a telegraph line, the rates
of the chronometers were obtained from the Annapolis wireless signals. These were
determined by Mr. Henderson of this Observatory, who made the time comparisons in
the field. The corrections to the signals were determined at Ottawa by comparison with
the standard Observatory clocks.

When the results of the work of 1921 were published the computation of the correct-
ions for topography and compensation had not been made for the various stations
occupied during that season. This reduction was postponed on account of the uncert~
ainty that then existed in the elevations, and until better maps could be secured for the
purpose. Contour maps or sketch maps of the country in the vicinity of stations where
the topography is very uneven have now been obtained. Near most of the remaining
stations the country is flat and the need for such maps is not so great. For the topo-
graphy of the country beyond that immediately surrounding the stations and extending
out to a distance of approximately 500 miles the relief map of Canada published in the
Department’s Atlas of 1915 has been used. As this area is responsible for a large pro-
portion of the correction for each station, the reductions are of course to a cousiderable
extent depeudent upon the general accuracy of this map. During the summer of 1922 a
line of levels was run down to Mackenzie river by the Topographical Surveys Branch.
This practically determines the elevations of stations on the upper part of the river
and around Great Slave lake, and has made it possible to estimate with greater confi-
dence the elevation of stations farther down the river.

The isostatic reductions for the nine stations in this part of the country have there-
fore been made and the results are giveun in the following pages of this publication. These
have not, of course, the finality of results that are based on accurate maps of well-surveyed
territory. As new information is obtained from the survey of the country it may be
necessary to make certain corrections to these computations but it is not likely that these
corrections will in any case be very large.

*Publications of the Dominion Observatory Vol. V, No. 10. This publication also contains a summary of all
gravity work done in this country up to 1921.
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The correction for topography and compensation for Ottawa was recomputed, chiefly
owing to the fact that from the previous computation no record of the corrections for
separate zones was available. A difference of -008 dynes exists between the value recently
obtained and that which was previously given for Ottawa.* However, the writer is
satisfied that the present value represents the true correction to be found from the maps
that are now available, which should be sufficiently accurate for the purpose of the

reduction.
DESCRIPTIONS OF STATIONS

Descriptions of the gravity stations occupied during the season of 1922 are given
below. The astronomical stations to which they are referred were established at the
same time as the gravity stations. A cement pier for the reception of the pendulum case
was erected at each station.

Corresponding information for the stations of 1921 is given in Vol. V, No. 10 of these
Publications.

Liard River, B.C.—The gravity station is located on the right bank of Liard river in
latitude 59 ° 59, approximately. It is about 5 miles below the mouth of La Biche river
and opposite a small island shown on the west side of the river on R. G. McCounell’s
map of 1890. A log cabin 8 by 8 feet in which to set up the apparatus was built when
occupying the station. The pier, the top of which is flush with the ground, is in the west
end of this building. It is 140 feet north and 10 feet east of the astronomical station
and was 18 feet above the level of Liard river at this point on July 3.

Good Hope, N.W.T.—The pier was placed in the north side of the powder magazine
of the Hudson’s Bay Co., the top of the pier being about 9 inches above the floor level.
It is 285 feet north and 25 feet east of the astronomical station and was 52 feet above the
water level of Mackenzie river in front of the Company’s landing on August 11.

Arctic Red River, N-W.T.—A pier, the top of which was about 18 inches above the
floor level, was erected in the north end of a log building 18 by 20 feet, owned by the
Hudson's Bay Co., and kept for the accommodation of Indians coming to the post during
the winter. The pier iz approximately 50 feet west of the astronomical station and was
about 100 feet above the water level at the mouth of Arctic Red river on August 17.

Chipewyan, Alta.—At this place the top of the pier was about 18 inches above the
ground level and was erected in the west end of the Hudson’s Bay Co’s. blacksmith shop.
The base of the pier rests on solid rock. The gravity pier is 20 feet south and 5 feet west
of the astrouomical station and is 47 feet above the high-water mark of lake Athabaska.

EXPLANATION OF TABLES

In Table I are given the periods of the pendulums obtained from the five standard-
izations that have been made at Ottawa since the resumption of gravity work in this
country in March, 1921. The mean of the first two was used in making the relative
determination of g between Ottawa and Washington (see Vol. V, No. 10, Table III).
The mean of the second and third was used for the field work of 1921 and that of the
fourth and fifth for the field work of 1922.

*Vol. V, No. 10, Table VI.
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The periods of the pendulums at the stations occupied during 1922 and the resulting
values of the force of gravity in dynes are given in Table II.

The pendulum observations and the reduction of the times of vibration of the pendu-
lums at Ottawa and the four field stations of 1922 are given in Table III.

Information regarding the work of 1921, corresponding to that given in Tables I to
III of this report, is given in the publication for that year. (Vol. V, No. 10).

Table' IV gives the corrections for topography and compensation for separate zones
(depth of compensation 113-7 km.) for each of the stations occupied duving 1921 and
1922. The elevatious of the various zones were found from the maps for each station
and then the corrections were obtained by using the tables in Special Publications Nos.
10 and 40 of the U. S. Coast and Geodetic Survey.

In Table V will be found the corrections for various depths of compensation. These
were computed from the quantities in Table IV by making use of the tables given on pages
98 and 99 of Special Publication No. 40.

Table VI gives for various depths of compensation the gravity anomalies deduced
from Helmert’s formula of 1901, v, = 978-030 (1 + -005302 sin ? ¢ — -000007 sin? 2¢).
This is one of the earlier gravity formulae of this form. While the results do not in all
likelihood represent the most probable gnomalies they are of some interest.

They may be compared with the Helmert anomalies obtained in other countries and
by simply subtracting -008 dyue from each of the quantities in the table the anomalies
resulting from Hayford’s formula of 1912* are obtained. They may also be used in con-
junction with similar data to determine corrections to the constants in Helmert’s formula.
Dr. Wm. Bowie has used the Helmert anomalies in deriving a number of gravity formulae.
In deducing a new formuls it is as convenient to start with Helmert’s formula as any
other, and by so doing at least a certain amount of computation may be saved by taking
advantage of some of Dr. Bowie’s results.

In 1916 Dr. Bowie derived the following gravity formula from 348 stations in differ-
ent parts of the world: v, = 978-039 (1 + -005294 sin? ¢ — -000007 sin?2¢). Of these
stations 216 were in the United States, 73 in India, 42 in Canada and 17 in Europe. As
this formula is one of the most recent and probably one of the best gravity formulae
we have, it has been thought worth while to compute by this formula the gravity anomalies
at the different assumed depths of compensation. These anomalies are given in Table
VII.

In Table VIII are given the principal facts for the stations of 1921 and 1922, In
accordance with previous custom the gravity anomalies are given for the purposes of
comparison by three methods of reduction. These anomalies are given in the last three
columns of the tables.

*In Special Publication No. 40 U. 8. C. & G. 8. the Hayford anomalies are given for 409 stations in different
parts of the world.
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FREE AIR, BOUGUER AND ISOSTATIC METHODS OF REDUCTION

By a gravity anomaly at any place is meant the difference between the observed
value and the computed value of gravity for that place. If the observed value is less
than the computed value the anomaly is negative, indicating a deficiency of gravity,
while on the other haud if the anomaly is positive the observed value is greater than the
computed value, which indicates an excess of gravity. The observed value of gravity
is a certain definite quantity for each station and is determined from the pendulum obser-
vations. The eomputed value may be obtained by several different methods of reduction
and the quantity obtained for it depends upon the method that is adopted. It will first
of all depend upon the formula that is used to represent g at sea-level. In table VIII
Bowie's formula, v, = 978-039 (1 4+ -005294 sin* ¢ — -000007 sin? 2 ¢), has been used
for this purpose. In this formula <, represents the value of ¢ in dynes at sea-level and
¢ the latitude. By substituting for ¢ the latitude of the point where gravity is required
the computed value at sea-level is at once obtained.

Most gravity stations are not at sea-level but at a certain height above it. In com-
puting a value of gravity for a station it therefore becomes necessary to make some cor-
rection to v, to allow for the height of the station above sea-level.

In the Free Air method of reduction only one correction to v, is made. It is simply
the correction that must be made in accordance with the universal law of gravitation, in
any method of reduction, to take account of the increased distance of the station from the
centre of attraction of the earth. As far as the computation of the correction is con-
cerned, the station is considered to be standing out in space at its own elevation and as
if all the material in the crust of the earth above sea-level were taken away to an infinite
distance. The station would then be left standing in the air, which no doubt accounts
for the name that is given the method.

A close approximation to the value of the correction may be easily obtained. Imagine
the earth to be a sphere. The attraction of the sphere on one gram of matter at a point
on or outside the surface, which would be the value of gravity at the point for a spherical
earth, would then be %2, where M is the mass of the earth, G the gravitation constant
(=6-66 x 10-® c.g.s. units*) and r the distance of the point from the centre of the earth,
which for stations at ordinary elevations is approximately the radius of the earth. The
rate of change of g for a point outside the surface will be % % + We have then

Substltutmg the va.lue of g at 45° (980-621) and the mean value of r (637 x 10 metres)
this becomes
% = — 3.08 x 10~ dynes per metre.

By taking account of the earth’s flattening Helmert™ obtained the value 3-086 x 10~
and this has since been generally used to correct for the elevation of the station. It may
be remarked, however, that this is itself an approximation found by Helmert by neglecting

very small terms in the complete expression he obtained for the value of the quantity.

{Tables givin ithe value of v, obtained from this formula for various latitudes from 0 to 90 are pubhshed in
the Smithsonian Physical Tables and also in the Smithsonian Meteorological Tables.

*Smithsonian Physical Tables.

**Encyklopiidie der Mathematischen Wissenschaften, Band VI, S 97,
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The computed value by the Free Air method is then v, — 0003036 x height of station
in metres.

In the Bouguer method the above correction for elevation is first applied aud in addit-
ion an attempt is made to take account of the attraction of the material in the earth’s
crust above sea-level. The effect of this is assumed to be represented by the attraction
of a slab or disc of infinite radius and of thickness equal to the elevation of the station.
The station is supposed to be located at the centre of the upper surface of the dise. The
attraction of the dise at this point can easily be shown to be equal to 2 » 3GH, where G
is again the gravitation constant, § is the density of the material forming the dise, which
may be taken as the mean continental surface density of the earth (=2-67), and H is the
thickness of the slab or the elevation of the station.

Approximately the value of gravity at the station is
g="2 =37ArG.
where A is the mean density of the earth (5-5247)*;
from which it follows that
G = =5
If this value of G be substituted in the expression 2 = & GH it i3 seen that the
attraction of the dise is equal to 22 x -A§
It has already been shown that,

g Blis /]

This is the elevation correction per unit distance. For an elevation H it will be
equal to —*Z. As the Bouguer correction is the sum of this and the attraction due
to the infinite disc, in order to get the computed value of g by the Bouguer method we
must add to v, the quantity given by — %% + 223 &2 — %2 (1_ 3 %) in which form
the correction is frequently expressed. Substituting for § and A the values 2-67 and

5-52, respectively, the correction becomes
—% X -637TH
It is thus -637 times the simple elevation correction.

The Bouguer reduction takes no account of any uneveness in the topography nor
does it make any allowance for the curvature of the earth. However, neither of these
omissions probably accounts for the fact that it gives values of g that are more in error
than those obtained by either of the other two methods. At first sight one would cert-
ainly expect the Bouguer method to be more nearly correct than the Free Air method
because the former reduction takes account, to a large extent, of the attraction of material
above sea-level. Notwithstanding this it will be seen that the Bouguer method gives, for
the stations in the table, values of g that are much too large. In fact if we leave the
attraction of the material above sea-level out of consideration altogether, as is done in
the Free Air method, we obtain quantities that are nearer the observed values. In spite
of this we know that any correct method of reduction must take account of all matter in
the earth’s crust and that there must be an explanation of the fact that the Bouguer
values of g are so much in error.

*Smithsonian Physical Tables.
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The failure of the method can be accounted for if we suppose that we have material
of less than normal density underneath the continent. If at the same time we suppose
the water of the oceans, on account of its lower density, is underlain with material of
greater than normal density and still greater than that which lies under the continents,
we have a state of affairs known as isostasy. The fact that both the Free Air and Bouguer
anomalies have been found to be generally positive for stations vear the ocean lends
support to this view. Moreover, there is a mass of evidence from the study of deflections
of the vertical and of geology and gravity observations in favour of isostasy.

In order to obtain a definite idea of the quantities that are involved in gravity
reductions by the isostatic method, imagine two columns to be taken in the earth’s crust.
One of these may be taken in a land area on the continent and the other in the ocean.
We shall suppose further that each column extends for the same depth below sea-level
and has for its base a cross-section of uuit area. The sides of the column will be formed
by vertical lines passing through the perimeter of the base, while the top will be a small
portion of the surface of the earth of approximately unit area. If the depth of these
columns below sea-level be taken equal to the depth of compensation, then the theory of
isostasy requires the pressures at the bases of these and all similar columns to be the
same. If we attribute the pressures at the bottom to the weights of the columns then,
neglecting small variations in gravity, it follows that the masses of the columns are equal.
As the depth of compensation is measured from sea-level, the land columns will be longer
than the ocean columns. If we consider a land column to be divided into two parts by
the sea-level surface, then compared with the mass of a normal column (i.e. a column
taken at the sea coast or under land where the elevation is only slightly above sea-level)
there must be a deficiency of matter in the lower part of the column exactly equal to the
quantity of matter in the part of the column above sea-level. On the other hand in the
solid portion of an ocean column there must be an excess of matter to compensate for the
lightness of the water. This deficiency or excess of matter is spoken of as the compensa-
tion. The extent of it will depend upon the elevation of the land or the depth of the
sea and, for any of the columns, may be computed from the average continental density
or from the known density of sea water. The elevations or sea depths which are also
required in this connection may be obtained from contour or relief maps. The land
above sea-level or the water in the ocean is called the topography. The computed value
of g obtained by the application of the theory of isostasy is v, — elevation correction +
the correction for topography and compensation.

Tables for the evaluation of the isostatic corrections have been published by Meissner*
in Germany and by Hayford and Bowie** in the United States. The latter have been
used for gravity stations in this country. In these tables the whole surface of the earth
is divided into 33 zones in all. The station whose correction is required becomes the
centre of each of these zones. After finding, from the maps, the average elevations or
depths of the zones for any given station, the corrections for topography and compensa-
tion may at once be obtained from the tables. The corrections are given for various
elevations and depths for each zone.

*Astronomische Nachrichten, Band 206, Nr. 4924-25, Band 214, Nr. 5125.
**Special Publications Nos. 10 & 40, U. 8. C. & G. 8.
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In computing the corrections for the tables the curvature of the earth is taken into
account and the compensation is suoposed to be uniformly distributed down to the depth

of compensation.
pletely compensated.

SUMMARY OF RESULTS

Each topographic feature, however small, is considered to be com-

TABLE 1
Periods of Pendulums in Seconds
Date
1 2 3
March 14-17,1921.........ccvvvvrninn. 4 *.5013476 5.5014658 5-5014396
Aprile20-23; 192X 7. . . L oseeelll o . RS -5013471 5014646 -5014385
Oct. 27-Nov. 4, 1921, ....covrivnenranenn. - 5013455 -5014628 -5014365
Bebh: BB 1992 1 oy . o naedie b e e bl -5013464 -5014635 -5014373
NoweaBedd22. N Lo s ol -5013442 -5014624 -5014364
TABLE II
Station Periods of Pendulums Value of g in Dynes
in Seconds d
1 2 3 1 2 3 Weighted
Mean
Ottawa (Feb. 25-27)......... £.5013464 | -5014635 | 5014373 |....c.ccvenleerininnrifererennnan 980-618
Liard River......cccovveee.. -5010460 | -5011635 | -5011377 | 981-790 | 981.790 | 981789 981.790
Good Hope......oovevnnnnn. -5009058 | -5010234 | -5009969 | 982-340 | 982-339 | 982-341 982.340
Arctic Red River............ -5008820 | -5009990 |.......... 982-433 982:435 |.covennnns 982-434
Chipewyan..........co000t. -5010627 | -5011810 | -5011555 | 981.724 | 981-722 | 981.720 081.723
Ottawa (Nov. 7-18).......... -5013442 | -5014624 | 5014364 [........ .|l cveeiennni]iiiinnnnn, 980618




TABLE 111
PENDULUM OBSERVATIONS AND REDUCTIONS

Sramion: Orrawa.,  Opservir: A, H. MiuLer

Coincidence Period Corrections (7th Decimal Place) Period Corrected
.§ Interval Arc Uncorrected
g g £, [ Chronometer § Chronometer Rate Chronometer
Date g g '§ §. o
0! 2|8 Dent | Dent | ¢ | Dent | Dent & 5 D 7 § Dent | Dent | Mean
. g |8 E No. | No. | & g No. No. g 56182 | 4g410| & | No. No.
elE se182|4s419| B |2 | & e1s2 | 4410 | B | & | & & | 56182 | 48419
11922
Feb. 25........... 1 11 D 1/186-42/183-85! 7-3| 2-0) 10-60/60-5|-5013446|-5013631) —17|+ 1844+ 1j— '138{— 331|— 9!.5013467|-5013459|-5013463
2B i e o 2 D 1/186-70|184-70| 7-5| 1-9| 10-10{61-5{-5013426|-5013573| —17|+ 205|+ 1|— 143|— 285|— 9|-5013463|-5013468|-5013466
Mean.}...... v .|-5013465| - 5013464/ - 5013464
Feb. 25-26......... 3l 2D 1/171-44/167-85| 7-7| 1-8| 10-40(65.0|-5014625|-5014939| —-17|+ 193|— 3|— 156(— 469|— 9|-5014633|-5014634|-5014634
O areraita 1] 4 21D 1{171-44(168-05( 8-0| 1-9| 10-33(61-8}-5014625{-5014921| —18|+4 196{ ©0— 155|— 457|— 9|-5014639|-5014633| 5014636
Mean.|......|....|-5014636| 5014634 - 5014635
Feb. 26-27......... 5 3 D 1/174-20{172-53| 7-7| 1-9! 10-74(59.8|-5014393|-5014532| — 17|+ 178+ 2|— 171|— 312{— 9|-5014376|-5014374|-50143756
& AT A 6 3 D 1(174-38(173-39( 7-5| 1-8| 10-74{61-9{-5014378|-5014460{ —17|4 178( Of— 161{— 238/— 9{-5014369 '501437ﬁ -5014372
Mean.|...... +or.}-5014378(-5014374(- 5014373
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Stamion: RigeT BANK oF Liarp RIvER IN VicINITY OF 60TH PARALLEL OF LATITUDE.

TABLE IIT—Continued
PENDULUM OBSERVATIONS AND REDUCTIONS

OpservER: A. H. MILLER

Coincidence Period Corrections (7th Decimal Place) Period Corrected
E Interval Are Uncorrected
g g & | Chronometer é Chronometer Rate Chronometer
Date a g 'i g | e g =
w| 2 |-S Bond | Dent | 2 2 | 2 | Bond Dent & Bond | Dent | Mean
=] e b o = B D
E g% E No. | No. | £ g 8 No. No. o g 2 627 | s6182] & | No. No.
ml el ] 627 156182 9 E B | & 627 56182 | & | & = 627 56182
June 20...... A2 T 1 D 1(251-97|242-32( 7-9( 1-6| 11-17|58.5|-5009941|-5010338( — 17|+ 160{+ 4|+ 358/ — 23|—11{-5010435|-5010451
“ 2021......... G D 1249-27/240-55| 8-0f 1-7| 12-62/60-0|-5010049|-5010415|—17|+ 100|+ 3;+ 358|— 23|—11|-5010482(-5010467
Mean.|......[.... -5010459| - 5011459 - 5010459
June 21........... 3 D 11248-98(240-56| 7-9| 1-6| 12-71|61-0{-5010061}-5010414{ — 17|+ 96|+ 2|4 337i— 16|—11}|-5010468|-5010468
IS b Bty S80S 4 D 11249-52(240-98| 7-9| 1-8| 12-53|61-5|-5010039|-5010396; — 18|+ 103|+ 1|+ 337|— 16/—11|-5010451|-5010455
Meani]. .. &g .|-5010460| - 5010462/ - 5010461
June 22........... 5 1(249-34/240-22| 7-8| 1-9| 12-62|62-5(-5010046/-5010429| — 18|+ 100+ 1|+ 346|— 38(—11|-5010464| 5010463 5010464
June 23..... el 6 D 11222-25(215-39| 8-1{ 1-8| 13-76|56-2(-5011274(-5011634| —18{+ 52|+ 7{+ 331|— 16/—11|-5011635{-5011648
LIRS0 1 e 7 D 11222.25(215-85| 8-4| 1-7| 13-54/57-0]-5011274|-5011609| —19|+ 61|+ 6|+ 831|— 16/—11|-5011642(-5011630
Mean.|.... ...|*5011639|-5011639|- 5011639
June 24........... 8 D 1|1222-24(216-02| 8-1| 2-0] 13-51|58-0[-5011274(-5011600{ —20|-+ 62{+ 5|+ 314|— 10|—11|-5011624|-5011626|-5011625
June 260 oo setice vs 9 D 1{226-38(219-62| 8-1{ 1-5| 15-18|57-0|-5011068|-5011409{—17|— 8|+ 6|4 342|4+ 3|—11(-5011380| 5011382
S 2670 Sei 10 D 1(228-59(221-83| 8-1| 1-8| 12-70|57-0|-5010960|-5011295| — 19|+ 96|+ 6|+ 342(+ 3|—11|-5011374-5011370
Mean.|......|. ...|-5011377|-5011376(-5011377
JUNe BT innies o 11 D 1229-12{222-60; 8-1| 2-1| 10-96|57-0|-5010035-5011256] — 20|+ 169+ 5|+ 299{— 23|{—11|-5011377|-5011376|-5011377
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TABLE _XI—Continued *

PENDULUM OBSERVATIONS AND REDUCTIONS
SraTioN: OTrawa. OsBserver: A. H. MiuLEs

Station: Goop Horm, NNW.T. Osserver: A. H. MiuLer

Coincidence Period Corrections (7th Decimal Place) Period Corrected
g Interval Are Uncorrected
5 & | Chronometer E Chronometer Rate Chronometer
Date & ,_s, g 'i g 2 & o
w |2 |3 Bond | Dent E = 3 | Bond | Dent g B p | & | Bond | Dent | Mean
;E 818 E No. | No. | : g 2 No. No. o | 8 627 | 56182 B | No. No.
LS 627 |s6182| 3 |2 | & 627 | 56182 | & | & B | 627 | se182
1922
July 24........... 1 1{ D 1(289-91(282-30| 8-0f 1-5] 12-23|58-2|-5008639|-5008872|—16|+ 116{+ 5|+ 330{+ 96|—10| 5009064, - 5009063
&7 08, sinn 2 1 D 1{293-07[285-15| 8-0| 1-6| 10-16/|58-0|5008545]- 5008783| —17|+ 203|+ 4|+ 330[4- 96|—10|-5009055} - 5009059
Mean.}...... . .. .| -5009060] - 5009061 | - 5009060
July 25........... 3 1| D 1(291-61(283-57| 8-2| 1-6| 11-50|59-0|-5008588|-5008832| — 18!+ 147|+ 3|4 329|+ 98|—10}{-5009039|-5009052
G e 4 1l D 1/287-20/279-86] 8-0| 1.7| 14-13/60-0]-5008720]-5008949| —17|4+ 36/4- 3|4 829/4- 98|—10|-5009061) 5009059
Mean.{......}|....| 5009050 - 5009056 - 5009053
July 26........... 1) 1} D 1{284-86(277-73| 8.0/ 1-6| 15-60!61-5!-5008792-5009018|—17|— 25|+ 1|4 305|+4 89|—10|-5009046| 5009056
3 6 1l D 1(285-00(278-96| 7-9| 1-6| 14-60{62-5| 5008787|-5008978|—17-+- 17|+ 1{4 305|4 89|—10| 5009083 5009058
Mean.|...coofeees -5009065| - 5009057/ - 5009061
July: 28, 7. e 71 2| D 1(254-53(249-35| 7-8| 1-3| 12-70|55-5|-5009841|-5010046| —15(4 96|+ 7|+ 3024 106{~10|-5010221|-5010230
e O 8 2| D 1|252-74/248-14| 8-4| 1-5| 13-75|57-8|-5009911|-5010096|—18[+ 52|+ 5|4 302[-+ 106|—10}-5010242|-5010231
Meah. | oowealls oo -5010232|-5010231|- 5010231
July 20.... 5. 9 2D 1/252-60|......| 8-1{ 1-3| 14-87/60-8{-5009917|........ —16|4 5|4 2+ 307|...... ~10{-5010205
D ¢ =, | () 100 2[ D 11250-24{...... 7.7 1-4} 15-56(63-0(-5010010|........ —15(— 23 0|4 307|...... ~10{-5010269{........
Menn: ' w sl -5010237]........ -5010237
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Dent Dent Dent Dent
48419 48419 48419 48419
........... 11 3 D 1/262-99/252-04 7-8| 1-6] 11-89(55.0{-5009524|-5009938| —-16{- 13014 7|+ 819|— 119|—10|-5009954|-5009930
31-Aug. 1..... 12/ 38 D 1|262-50(250.51| 7-9| 1-6| 11-75|56-2{-5009542|-5010000({—17{¢ 1361+ 6(+ 319(— 119|—10(-5009976! 5009996
Meat |...... ... .|-5009965| - 5009963| - 5009964
) ..] 18] 8 D 1)263-62/252-23] 8-1] 1-7]| 11-44|87-5-5009501|-5009931 -lﬁi 14914+ 414 338/ — 110{—10|-5009964|- 5009946
12 i o 14 3| D 1/263-23/250-79| 7-9| 1.7] 11-44(69-0;-5009516|- 5009988|~1 1401+ 31+ 338|— 110{—10|-5009979|-5010003
ean.|...... .+ . .|-5009972| - 5009975| - 5009973
4 3 Z
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PENDULUM OBSERVATIONS AND REDUCTIONS—Continued
StationN: Arcric Rep River, NW.T. Osserver: A. H. MLLER

TABLE IIT—Continued

Coincidence Period Corrections (7th Decimal Place) Period Correcte
% Interval Are Uncorrected
5 g 5 _? Chronometer é Chronometer Rate Chronometer
ate & d ]
w|2 |8 Bond | Dent | 7 | | & Bond | Dent D é Bond | Dent | Mean
-E g% E No. | No. |3 g No. | No. 56182 No. | No.
ele 627 |s6182| 3 [ & | & 627 | 56182 &= | 627 | 56182
Aug. 21........... D 298-60/201-81| 7-9| 1.5 10-90 - 5008386/ - 5008582 4+ 83|—11|-5008797|- 5008818,
LA s e D 296-02/290-72| 7-8| 1.5 11-42 -5008459| - 5008614 4+ 83|~11|-5008847|- 5008827
..... oy ... 1-5008822| - 5008823 - 5008822
Aug. 22........... D 1{297-55/291-64| 7-7| 1-4] 11-71 -5008417| - 5008587 + 110|—11]-5008805 - 5008815
B e D 11295-941290-88| 7-8| 1-4| 12-11 - 5008462/ - 5008610 4 110|—11|-5008832!- 5008820
......... .|-5008819| - 5008818/ - 5008818
VAT S (R D 1/258-02(253-95| 7-8| 1-2| 14-88 - 5009708 - 5009864 + 129|—11{-5009977| - 5009983
s B e D 1|1257-17|1253-51( 8-2| 1-3| 14-77 - 5009740, - 5009881 + 129(—11|-5010010|- 5010001
........... - 5009994/ - 5009992/ - 5009993
AVEHOB s et D 1{258-55|254-37| .8-1| 1-2| 14.-01 - 5009688 - 5000847 + 118|—11|-5009994| - 5009987
DB D 1{260-71/256-03| 8-0] 1-2| 12-44 5000608 - 5009784 -4 118|—11{-5009980] - 5009990
........... -5009987| - 5000989 - 5009988
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TABLE III—Continued
PENDULUM OBSERVATIONS AND REDUCTIONS

StatioN: CHIPEWYAN, ALBERTA. OsBsERVER: A. H. MIiLLER

Coincidence Period Corrections (7th Decimal Place) Period Corrected
5 Interval Arc . Uncorrected
e}
g g & | Chronometer 2 Chronometer Rate Chronometer
Date a g 'i E_ g g
80 E 2 Bond | Dent | 3 Bond | Dent =% B D E Bond Dent | Mean
41813 E No. | No. | & E g | €| No. | No. || B g 627 |soisz) 8| No. | No.
A 627 |56182| B |2 | & |& | 627 | 6182 | 8| & E | 627 | 56182
Sept. 25-26......... 1 D 1/244-48|240-42| 7-9| 1-4| 12-85/49-8|-5010247|-5010420{ — 15+ 90(4-12{4 304|4 132(— 9{-5010629|-5010630|- 5010630
Sept. 26............ 2 D 1{244-15(240-36{ 7-9) 1-8| 12-91/50-2{-5010260|-5010423| —18/+ 88|4-12|4 201]4 126/— 9|-5010624| 5010622
LU 2 R B O 3 D 1|244-56(240-67| 7-8| 1-8] 12-31|51-0|-5010243|-5010409| — 17|+ 113|4+11{+ 291|+ 126|— 9|-5010632|-5010633
Mean..... ....|-5010628|-5010628| - 5010628
Sept: 27. ... ogmie 4 D 1{245-75241-93| 7-7{ 1-7| 11-84(51-0|-5010194|-5010355{— 16|+ 132{+4+ 11|+ 298|+ 148/— 9{-5010610{-5010621
€. 27-28......0.. 5 D 11244-41/241.16{ 8-0f 1-7| 12-49/51-0-5010250{-5010388| — 17|+ 105|4-11|4- 298|+ 148|— 9|-5010638|- 5010626
Mean..[......[.... - 5010624/ - 5010624/ - 5010624
Bept: 285 . < e s 6 D 1/220-78|217-03| 8-0| 1.5/ 10-51|53-5|-5011349|- 5011546/ — 16|+ 188|+4 8|+ 308|+ 98|— 9|-5011828{-5011815
R O8=99 . e 7 D 1|225-17|220-53( 8-0( 2-1| 5-9556-2-5011128(-5011362|—20|+ 379{+ 5|- 308{+ 98(— 9(-5011791-5011815
Mean .} .. .4l &, -5011810|-5011815|- 5011812
Sept. 29..... 8 D 1/225-32/220-65| 7-9| 1.5 6-67|64-8|-5011120|-5011356| —16{+ 349~ 3|4 361|+ 129|— 9}-5011802|-5011806
“ 20-30......... 9 D 1(226-61(222-08| 7-9| 1-6| 3-10/56-2|-5011056(-5011283| ~17|+4- 415+ 5[4 361{+ 129{— 9(-5011811|-5011806,
Mean.|......|. ...|-5011807}-5011806|- 5011806
Sept. 30............ 10 D 1/228-40{222-79] 7-9( 2-1f 8-47|56-2|-5010070|-5011247) —20|+ 483|4- 5|4 385/4 100/~ 9|-5011814/-5011815|-5011815
Qecte 2.0 11 1|238-01|230-74| 8-0| 1-0|—0-02(67-8|-5010526|-5010858| —13|4- 629~ 8{*%- 430{+ 98|— 9|-5011555(-5011555|- 5011555
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TABLE III—Concluded

PENDULUM OBSERVATIONS AND REDUCTIONS

SraTion: OTTAWA.

Osserver: A. H. MiLLer

Coincidence Period Corrections (7th Decimal Place) Period Corrected
g Interval Are Uncorrected
§ g Chronometer § Chronometer Rate Chronometer
Date 1 g i 5
2|8 Bond | Dent Bond | Dent g, Bond | Dent | Mean
=] . B D :
-g g |8 E No. | No. | 3 E g No. No. § g 627 |56182| & No. No.
A I 627 |s6182| 2 |2 | & 627 |se182 5| & | & E | 627 | 56182
OV ST sl tels 1 1] D 1189-92(187-50| 8-0] 1-9| 15-90|55-0-5013198-5013369{—18|— 38+ 8|4 301|4- 134|— 9|-5013442|-5013446|- 5013444
# 2L R 2 1 D 1/189-98|187-56| 7-9{ 1-7| 15-86 5§~0 -5013194]-5013365| —17|— 36|+ 8|4 305/+ 132|— 9|-5013445| -5013443| 5013444
Nov. 8... 3 i D 1/190-27(187-59| 8-0] 1-5{ 15-85|55-2|-5013174}-5013363| —16|— 36|+ 8|4 319|4- 130|— 9|-5013440( 5013440
e R % 4 11D 1{190-33{187-56{ 8-0] 1-9| 15-76(56-2|-5013170!-5013365| —18|— 32|+ 7|4 319j4 130|— 9|-5013437;-5013443
Mean.|...... ... .|-5013439|-5013442|- 5013440
Nov. 13-14........ 5 2| D 1|174.94(172-66{ 7-7| 1-8| 15-02|53-7|-5014332(-5014521(—17|— 1{4 9|4 310/} 123{— 9|-5014624|.5014626|-5014625
Nov. 14........ e 6 2| D 1/174-94{172-69| 7-7|1-85| 14-95|54-5|-5014331|-5014519(—17|4+ 2|4 9|4 313[+ 122|— 9|-5014629|- 5014626
LU L e 71 2[ D 1{174-99|172-65| 7-7(1-55| 15-15|55-0|-5014328|-5014522{ —15{— 6|4 8|4 3134+ 122|— 9|-5014619| 5014622
Mean.|...... ....|-5014624|-5014624]- 5014624
Nov. 15..... T oA 8 2D 1/175-07(172-40| 7-8| 1-6| 15-25|55-1|-5014321(-5014544| —16(— 10[4 8|4 330|4 105|— 9|-5014624|-5014622| 5014623
Nov. 16-17....... . 9 3l D 1{178-35[175.78| 7-6| 1-3| 14-86(56-0|-5014057|-5014263| — 14|+ 64+ 7|4 314|4 108|— 9|-5014361)-5014361|-5014361
IO g e 100 3 D 1{178-45{176-07| 8-0| 1-3| 14-56|57-0|-5014049|-5014239(— 154 18|+ 64 317|4 126/— 9|-5014366/-5014365|- 5014366
L b | 11 3| D 1|178-82(176-09] 8-2] 1-8] 14-43|57-0|-5014020| -5014238| — 19|~} 24|4- 6]+ 343|+4 125{— 9|-5014365]-5014365|-5014365
Mean.|...... v ee.|-5014364|-5014364]-5014364

001
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TABLE IV

AVERAGE ELEVATIONS AND CORRECTIONS FOR TOPOGRAPHY AND COMPENSATION
FOR SEPARATE ZONES

The unit for the corrections in this Table is 0001 dyne.

Topo- { Topo-
Elevation graphy || Elevation graphy
Zone in Topo- | Compen- and - in Topo- | Compen- and
Fest graphy sation | Compen- Feet graphy sation | Compen-
sation sation
Ottawa, Ont., No. 1 Peace River, Alta., No. 43
. T Y S S NN 270 + 2 0 + 2 1,060 + 2 0 + 2
B bl . il 275 4 46 0 + 46 1,070 4 63 0 + 63
G ey o 263 + 28 0 + 28 1,074 4106 0 +106
17| i, U S 248 + 11 0 + 11 1,113 +4- 87 - 1 + 86
), DEEPERIIG) I T 236 + 6 0 + 6 1,178 + 45 - 2 + 43
L AT Ry e - AR 210 + 1 - 1 0 1,332 + 16 - 4 + 12
[ VI e 240 0 -1 -1 1,47 | + 7 - 5| + 2
15 0] el (S ) 275 0 -~ 1 - 1 1,524 + 4 - 7 - 3
1SR A 275 0 — 2 - 2 1,683 + 3 — 13 - 10
0 - MO - 288 0 - 3 - 3 1,766 + 1 - 20 - 19
L9 SRt P, e 340 0 - & - b 1,860 + 1 — 30 - 29
|7 ST S ¥ 411 0 e 10 - 10 1,040 0 — 46 — 46
N Sz 506 0 — 28 — 28 1,880 0 —~110 —110
L P .650 0 — 42 - 42 2,240 0 -115 —115
Oadr.dive o ol e 883 0 — 49 — 49 2,415 0 —-120 ~120
B et o S Laehs i svracevevs Nk Psians) ol ord lepotis SRForatare ES o | 1O s Wl [ (e S| [Py Pem i - 29
)b A e (A o S s | P ity [0 T e e L | B, Wt coads o TR TR - 27
1 T AR SO S 1) R 8 IR A S e =SSl o [0 e S L S e e - 27
55 SR Rt M8 20 o Bl [P IRals ie s f [ F - e e Tl N e [ i o o [ e e - 31
P = R e o i 3 s e ki felt i L I | - ISR o I - 37
e e e A e P [ = = B L e [eteee f anestond v e s - 57
M e e i e S ekl | Tbs b atets! dhess | amesmval i tar e (e o | ], S g - 31
B R b et e e S [, e S | G P o —F RS e el AR S e [ e o — 28
T A N e N i | e Pl LIl 1 8 R s S P | | R e | ) L - 10
0 R et e s T e e o L e o | 1 D - 1
s b o Do Dl DA R b o P T o) [ e s Mk g = o ) i e R | T O och e e e 4+ 3
o p oL PR B L SO | gy (R o T | e B + 4
e T e I (ra e N ST M e ER0 N LTSN IS S o 4 4
o Creals o At s A S e e (0 S e S et < L ol (L Tt P STl o + 9
¢ A gt ] (e e T N Y S ML I I T | S R Moot 95 e N + 6
L A TR | S e (B i ) (S Sy S £ TR e | R T a7t o (O Ak L + 3
2T A R N [T ool SR IPT = o L STEE o o o e e | e o [ oo T ool 4+ 3
15 SIS O o e o R S R, AU T P R ) ) =i V| T T [ S P £ 0 R e o 0
TRGIRIE 0 B e DR N e - 79 —384
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TABLE IV—Continued

Zone

Elevation
in
Feet

Topo-
graphy

Compen-
sation

Topo-
graphy
and
Compen-
sation

Elevation
in
Feet *

Topo-
graphy

Compen-
sation

Topo-
graphy

Compen-
sation

g.
g
=}
B

N.W.T. No. 44

Providence, N.W.T., No.

45

secsern cse
“r o .
seee R

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

sesss0sans
........ .
crssens “ee
. e
......... .
..........
cos ses
........ .
..........
...... e
..........
messsasnes
....... “e

A

I
XN BN N ===

sessnvons solocnsa seese
sevsssesse csovsass
esene ceflosrcancans
sesee woesavsas
seee .o sovne
erecsnse soflreecana sesn
........ ssflemsnonnnac
R s .
............ TR
....................
..... .o coes
...... DR R
....... saclessrssnsan
.................. .
.....................
......... sfecscsnenes
............ R
------------- ssseenun

++++++

=
=
v W

++++++
o

510
510

B o o R
cocococormrrnr 828w

------------

. sevelsosne LRy
....... sselsnbooeenoe
- d .o *ecdes e
. e ses .
....................
........ . teesues

sesensalacasenvrace
............ sesrsnne
------------ ses e ings
........ sslsosesncnse
------- seelecesescine

0NN MMEENOOO

12

resddsden

seseds

sleecava

efressns

sssdes

alsosses

PR

creees

sesense

X

seve

$ése

$tae

saae

ee e

sen e

s

+4+++++

e A R rownB28

1

+++++++ 1

[ OO b bk pumk fed ek
.-ﬁn-azn»w-ww

11*

1
3#

8*
4
3¢
0*

e
3

*These values have been interpolated from those obtained for neighbouring stations.
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TABLE IV—Continued
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Topo- Topo-
Elevation graphy | Elevation graphy
Zone in Topo- | Compen- and in Topo- | Compen- and
Feet graphy sation | Compen- Feet graphy sation | Compen-
sation sation
Simpson, N.W.T. No. 46 Norman, N.W.T., No. 47
o W SR e & 430 4+ 2 0 4+ 2 280 + 2 0 + 2
17 o Pt S DL e 430 4 56 0 + 56 276 4 41 0 + 41
3L - e B S 418 4 51 0 + 51 265 4 27 0 + 27
11 S R 417 + 21 0 + 21 265 4+ 11 0 + 11
D T I, . { SN - 409 + 9 - 1 + 8 268 4 6 - 1 4+ 5
£ B TS R I 415 4+ 3 - 1 + 2 271 4+ 1 -1 0
2 A el 440 4+ 2 - 2 0 325 4+ 1 - 1 0
B T ! 465 + 1 - 2 - 1 479 0 - 2 - 2
G AR PR B on Y 490 4+ 1 - 4 - 3 631 0 - b - 5
L e e (R S8l 525 0 - 6 - 8 409 0 -5 - b
e, g 550 0 - 9 - 9 514 0 - 8 - 8
Liik.oe B AU s 615 0 -~ 15 - 15 702 0 - 17 - 17
1 RS e 709 0 — 40 — 40 1,150 0 — 64 -~ 64
Iy = o el et 1,039 0 -~ 52 - 52 1,844 0 - 93 - 93
Q... e 1,322 0 - 70 - 70 1,930 0 -~ 95 — 95
I e b T AT ) e I e e TSR, — il e e ol o e Vo | et ra ket povats - 18
i 7 S S e SO 0 0] b et e 1 Aot S A e | Ll [ SOt e, ORY O () 2 S W — 18
6i.0... S L R R I S s A PSR L P o AR R TR [ ST - 18
BH, Sl o v el AT BRGUS D |2 e R A o [ ST Stk R FL S O | TSR ) 1 ¢ Ty e -~ 21
1 i P U [ S R A [ PSR PR = (e 5 e, Lo [ R e [P S S [ ST - 19
I 2tos w dhereme | ovp et o)l Wol 08 el o anerbite]] 3 A oAy AR ol BTN e i ors Bt anof sl ol o] emeersiossmozs Tohe - 32
B e i ot Ceo Pt Tuaet ] Rl Vo s aaral] % el svrtemms ol b yome kS ey IR R s e e o — 22
X A s et ph S i e s L e s B e L R S R e e 01 et (O e e - 18
1 LSO Ol = R o | e Wettat o) P et ot astiass fond | lolaYer S = salTe o 011 S TR [ S e | I ok — 10
e T L R B S e e W8 G o SO L [D K RPN e TS | Rt 8=t - 2
s Fr O e G| e o B L] |65 SRS S i [ e It R e e o | e o | O P 4+ 2
(o Ot o (et L SRl 1 | Rt e e - TG R ot Bl e, e Siztors 8 hreks + 2
TS Sl Srery P Y [t S () SRRt oo A PR Fana S o S 6 G i ol R S A P e oo + 3
S penstererstrorsy 2t ] B S Ao e) o L VSR o oo S k3o s e o o o 1 8 (S TSN |l S T | Sy e 4+ 7
R S T | S TR € e |y A o el L S S R S e S + 6
B Ao o e NS S S [ e I A I 5 S e B | STt re o 7o | el Bz e + 3
. frey ol M ] e e [ e o [ e I N o ey e o [ AT ok + 3
B e L v s iaret S g il oot romaonst Rl A ) A ot T et e ] S e il A e S R 0
Totall st ontl s Mo Sicsls s 5 —230 — 355

*These values have been interpolated from those obtained for neighbouring stations.
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TABLE IV—Continued

Zone

Elevation
in
Feet

Topo~
graphy

Compen-
sation

Topo-
graphy
and
Compen-
sation

Topo-
graphy
and
Compen-
sation

Elevation
in
Feet

Compen-
sation

Topo-
graphy

Liard River, B.C., No. 48

Good Hope, N.W.T., No. 49

.........

$EL oo
LD SR e oI
RB T Lo
SR I e L 2 DL
Lhd el O
- b St

siemonenns

ss0a

525
518

513 )

513

525 1

550
600
650
750
1,500
1,700
2,300
2,082
2,336
2,899

ejevsecnssna

l+++++++++
wamwuuwwmz‘:%%gw

sesrsnmensfe

MWD~ =OOO

17

++++++

TR rvowbt 288w

200
180
180
181
188
210
230
250

SRy

- 00

COOOOCOOOCO=NOCtLT N

+++++

&8
W = ON O [S-]

=

++++++

ol

S
It

W == OO0

300 - -
435 B =

GO ht
Ot v

cespepsnnslecsnnsssssfesesena i aesessrsssi|sdtasenconglecrronnony _
cessanns P D F R 1 3 PRSI EIPRSRIEE] B EGREEREY PR g ¢ — 18
R PRI D CERORES SR G SO B o e BT PRl PR LR B R L
------ 4sssfavenssnseany . .o ' 41 aesssensra|sesapan tesnsuwes gy i 20
cresnnnsas T PO ety | (UL (i SRR AL P PRI - 32
............ cosssassfassciianin, e, A5 FREWE TR B0 5 ReRe R e - 15
...... PR PR R S G == A8 N s T s vt s b s el e s =k
- 8 =
snsessnas ntessrsans|asocs e wsspeppans|lsvesresaes c4sscanses
0 - 1*
sressessan smssan Seswenhhnl Ty L VW ldenismn seclnsscnns aseepparns
*
.............................. o o 2 S VOO SR B e PR B A
4 3*
s sassssefeenancancalescnnae . pameresalas as2snse sessse
4 4+
.......... teseccrvsflrecsuvscan svsenseven|osesssrsss]|acsvases
9 7*
....... sscflacscrsscon|sosaccsnen . s sesensesasfespescsass
6 6*
sessccvsncfesveessac 2l .o . srsesea seefssenensessfonncssssvs
&
............. i N ] I e L T B o s P
3 3*
........ sefecncccnscsfeseanscenas sevaee ssvsscosslonscescnes
.......... e 0 Tk Me e e s L LR

—592

|
2l s

*These values have been interpolated from those obtained for neighbouring stations.
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Topo- Topo-

Elevation graphy | Elevation graphy

Zone in Topo- | Compen- and in Topo- | Compen- and
Feet graphy sation | Compen- Feet graphy | sation Compen-

sation sation

Arctic Red River, N.-W.T., No. 50 Chipewyan, Alta. No. 51

Vo e B Ll 135 + 2 0 + 2 748 + 2 0 4+ 2
R B 129 + 28 0 + 28 741 + 58 0 4 58
ERE s i 122 + 9 0 + 9 716 + 84 0 4 84
Do oy O Bl o Sl 108 + 2 0 4 2 715 <+ 52 - 1 + 51
SEPR Do o RN 99 4+ 1 0 4+ 1 721 + 22 - 2 4+ 20
e e S A 140 0 0 0 719 + 9 - 2 + 7
L C Il o e 190 0 - 1 - 1 713 + 4 - 3 4+ 1
2 S L 230 0 -1 -1 720 + 2 - 3 -1
N iyl AL ) 275 0 - 2 - 2 717 + 2 - 6 - 4
................. 320 0 - 4 — 4 720 + 1 - 8 - 7
R o 360 0 - 6 - 6 725 + 1 - 12 - 11
Ll Sy Sakes . 420 0 - 10 — 10 740 + 1 - 18 - 17
M e e 395 0 — 22 — 22 755 0 — 42 — 42
IS e o S 828 0 — 49 - 44 1,088 0 — 56 — 56
OISyt sl s 1,625 0 — 82 — 82 1,287 0 - 70 - 70
Lo e O R e O o [, e Bt AT e 2= o I o ] S Ml B - 13
Al b ol S st B i s mala sl [ Sl i = b o6 o 06 B [ S R | |5 o el o ks - 14
B ey s il S ] 20 A 1) Sl [ < e oo o | oo ek oy £ o == P (o e s O | e | 1 e i e - 15
y w1 S e, Soe] R M 1O, T e TV LR PR TE S I (SR T (o T S Nr K IBs o - 15
I e did Bl G ditee 5 & IO Moo [ o A I (o - D =22 ST, Sl e O D D Al B - 15
TR oo b Qs ob ool [y o A W e 1 T ) | o8 i S . L | e B Tt o o] e -~ 28
D o E A s RS | (RS U R (S S A SRR RS — S Bl Rzt R e sl B ot e - 20
1 L B 0 e A e b e 0 s [0 Ay B [ e b ot i 1 el A I [ | AR T -~ 18
T e el S R o s 20 T et [ i e el o o ererete | B enel 2 it i lovarny o7 St ; - 14
P e s et L r s Bl s 5 s | 5 Ao = 0 R o |32 Sl T A b it Essyers - 7
N N SR s T B e i ]S osie) oheyonss o - R SRS | (R R Mg e - 2
taer I ity et S ] e SR T S S e i il e Soatis e Iy AT S o s B0 BET.o + 2*
O o i B oot o e ey 0| [ o e e o] = ooy oo R oo e | o R R o | e e ehene ek + 4*
B oo e LISl A e e e S s e e FG: Wb R R AT . + 9*
e e o (e e e [ SO sk s e e R T el + 6*
Simrr A bl DL AR st | e ok 2o Bl s D s L ] A e Ly 7 S s s + 3¢
P S PR AW e =t o SRS ol et U | e e i o e | (St S el [ e et MR o ol + 3*
L O R e | sl ce bl )| il [T, e o O o 505 v 2o | oy 7 1o o oo R oA ecerars 0*
Totaln s ot s b s e N SR S —255 Totall o V88 55 ool —119

*These values have been interpolated from those obtained for neighbouring stations.
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TABLE V

CORRECTIONS IN DYNES FOR TOPOGRAPHY AND ISOSTATIC COMPENSATION FOR GIVEN
DEPTHS OF COMPENSATION

Number and Name Depth Depth Depth Depth Depth Depth Depth

of station 42-6 56-9 85-3 113-7 127-9 156-25 184-6
L OtRwm 2o Tt b T —-0061| —-0074 | —-0080| —-0079| —-0077| —-0069 — - 0060
43. Peace River............... — 0324 —-0340 —-0370 —-0384 —-0390 —-0396 —-0392
44. Resolution................ —-0047 | —-0055 | —-00756 | --0091 —-0098 | —-0108 —-0113
45. Providence................ —-0125 —-0142 — 0161 —-0179 —-0185 —-0191 -—-0194
46. SBimpson........coceeeuan- —-0139 —-0162 —-0201 — 0230 —-0240 |  —-0259 —-0267
47. Norman..........ccevuea- - 0257 —-0290 —-0335 —-0355 —-0363 —-0372 —-03873
48. Liard River............... —+0490 — 0522 —-0569 - 0592 —-0599 —-0606 —-0602
49. Good Hope.......ccocuun. —-0190 —-0221 ~-0262 —-0286 — 0207 —-0306 —-0313
50. Arctic Red River.......... —-0165 —.0191 —-0229 —-0255 —-0264 -—0277 - —0281
51. Chipewyan............. ve.| —-0065 —-0080 —-0104 —-0119 —-0124 —-0133 —-0135

TABLE VI

ANOMALIES COMPUTED FROM HELMERT’S FORMULA FOR VARIOUS DEPTHS OF COMPENSATION

Number and Name Depth Depth Depth Depth Depth Depth Depth
of station 42-6 56-9 85-3 113-7 127-9 156-25 184-6
g9 ' ! gc 09 g9 g9 00

1 OPAWR 00 arree s arran o e —-001 -000 +-:001 +-001 4001 000 —-001
43. Peace River............... -+ -006 +-008 +--011 4012 4-013 +-014 +-013
44. Resolution................ —-011 —-010 —-008 —~-007 —-006 —-005 —-005
45. Providence................ —-003 —-002 -000 +-002 +-003 +4-003 +-003
46. Simpson.............o0u0. +-002 -+ -004 + -008 +-011 + 012 4014 +-015
47. Norman..............000. —-011 —-008 —-003 -~ -001 —-001 -000 -000
48. Liard River..........c0e.. —-024 —-021 —-016 —-014 —-013 —.012 —-013
49. Good Hope............... +-006 +-009 +-013 +4-016 +-017 +-018 +-018
50. Arctic Red River.......... +-015 +-017 +-021 +-024 +-024 +-026 +-026
51. Chipewyan......... Rt —~-010 —-009 —-007 —~-005 —-005 —-004 —-003
Mean with regard to sign....... —-003 —-001 +-002 +-004 + 005 +--005 +--005
Mean without regard to sign.... -009 009 -009 009 010 -010 -010
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TABLE VII
ANOMALIES COMPUTED FROM BOWIE'S WORLD FORMULA OF 1916 FOR VARIOUS DEPTHS OF
COMPENSATION
Number and name Depth Depth Depth Depth Depth Depth Depth
of station 42.6 56-9 85-3 113-7 127-9 | 156-25 | 184-6
90, g9e g . 99 g0 g0 g—ve
s i Mt —.006| —-.005] —-004] —-004] —.004| —-005 —-006
43. Peace River............... +.002| +4.004| 4-.007| 4008 +-000| +-010 +-009
44. Resolution................ —014| —-013| —-011| —-010{ —-009| —-008 —-008
45. Providence................ —.006| —-005| —-003| =—-001 -000 .000 -000
46. Simpson....... T s —.002 .000| +4-004] +4.007| +-008| +-010 +-011
47. Norman............. veesd) —-014| -~.011| —-.006| —-004| -—-004| —-003 —+003
48, Liard River............... —027| ~.024| -—.019| -—.017| -—-016| -—-.015 —.018
49. Good Hope............... +-003| +-.006| +-010 +-013| +-014| +-015 +-015
50. Arctic Red River.......... +-012| +-014| +4.018| 4.021| +4.021| +-023 +-023
51. Chipewyan................| —-014| —.013| —-.011| —.009| —-009| —-008 —-007
Mean with regard to sign.......| —-007| ~—-005| —-002. 000| 4.000| +4-002| 4-.002
Mean without regard to sign.... -010 -010 -009 -009 -009 010 -010
TABLE VIII

PRINCIPAL FACTS FOR GRAVITY STATIONS ESTABLISHED DURING 1921 AND 1922

Corrections
Hayford
Com- Topo- | Com- | Ob- an Bouguer |Free Air
Station Loxg;i— Lati- Alti- |puted gat graphy | puted | served | Bowie |anomaly [anomaly
tude tude tude sea- Alti- and rav- | Grav- |anomaly| O-C 0-C
level tude |Isostatic| ity ity -
Compen-—
sation
h m s|° | metres | dynes | dynes | dynes | dynes | dynes | dynes | dynes | dymes

1. Ottawa.........| 502 52| 45 23 38 83 | 980-656 <026 | —-008 | 980-622| 980-618] —-004 | —-021 —012

43. Peace River....| 7 49 09 | 56 14 04 324 | 981-612 | —-100 [ —-038 | 981-474] 981-482] +-008 —-066 —+030

44. Resolution......| 7 34 42 | 61 10 05 152 | 982-008 | —-047 —~-009 | 981-952| 981-942| —-010 | —-036 -—.019

45. Providence..... 75037612114 156 | 982:022 | —-048 —-018 | 981-956| 981-955 —-001 —-036 —.019

46. Simpson . 8 05 23 | 61 51 39 132 | 982:061 [ —-041 —-023 | 981-997| 982-004| +-007 { —-031 — 016

47. Norman.. 8 22 17 | 64 53 59 87 | 982-281 | —.027 | —-036 | 982-218| 9082-214| —~.004 | —-050 — 040

48. Liard River. 815 10 } 59 58 43 160 | 981-915 ) —-049 | —-059 | 981-807( 981.790] —-017 —-094 —-078

49. Good Hope 8 34 33 | 66 15 18 59 | 982-374 | —-018 —+029 | 982-327| 982:340| +--013 —-023 —-016
50. Arctic Red

River........ 8 54 57 | 67 26 37 41 | 982-452 | —-013 —+026 | 982-413| 982-434| +--021 —-010 — 005

51. Chipewyan..... 72435 58 42 44 229 | 981-815 | —-071 —.012 | 981-732| 981-723| —-009 —047 —-021

Mean anomaly With re@BId 0 BIZM. .. .vvveen iieiere taesnseresncansnssnseessancnsssosnssns 000 { —-041 —+025

Mean anomaly without regard £0 SIZM. . cu.nviiiesiieeirrerrerenereenrisenossecsernssnnses 009 -041 <025
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DEPTH OF COMPENSATION FOR THE NINE FIELD STATIONS*

From the results of a large number of gravity stations, suitably distributed over the
earth’s surface, it is possible by the method of least squares to obtain a formula for v,
and at the same time the most probable depth of compensation. From the gravity
formula a value of the earth’s flattening or ellipticity is easily deduced. A wnumber of
such solutions have already been made by Bowie* for stations in the United States and in
other parts of the world.

With only ten stations in a comparatively limited area it is not posmble to obtain a
complete solution that is of any value. If, however, we have a formula that is known to
represent the variations in gravity sufficiently well the depth of compeusation can be
determined eveu though the stations are not distributed over such a wide area. The
depth so determined will give some idea of the depth of compensation in the area under
consideration.

For the stations included in this report two solutions have been made for the depth of
compensation using (1) Helmert’s formula of 1901 and (2) Bowie’s world formula of
1916.

It should be remarked that these are in principle special cases of the more general
solutions that have been made by Bowie. If v, be the value of gravity at sea-level com-
puted from one of the formulae, g the observed value for any particular station, Z the
combined correction due to elevation, topography and compensation, then we have for
each stationg = vy, +Z + v
where v is the residual obtained from the solution for the station,

org =% +Zl+%At+v:
where Z; is the eorrection for some definite depth of compensation £, and A ¢ represents a
small chauge in this depth.

GAt=g—(vo+2) +v
= (gravity anamaly at depth t) 4 v or
S AL — gravity anomaly = .

As the elevation correction is the same for all depths of compensation, % repre-
sents the 1ate of change with the depth of the correction for tonography and compensa-
tion. The value of this for each station may be obtained from Table V.

Taking 28-4 km. as the unit for At and -01 dyue as the unit anomaly, the following
observation equations for the nine field stations are obtained from Helmert’s formula
for & depth of compensation of 65 km.

- .31At — 09
- 194t 4+ 09
— «23At 4+ 0-1 =
— 41At — 06 =
- 514t 4+ 07 =
- 52At 4+ 2.0 =
— 47At - 1.0 =
— 42At — 1.8 =
— +26At +0-8 =
*Chapter VIII, Special Publication No. 40 U. 8. C. & G. 8.

Q Qe Qe o
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The depth of compensation obtained from these equations is approximately 67 km.,
with a probable error of 20 km.

For a depth of compensation of 85-3 km. the observation equations resulting from
Bowie's formula are as follows:—

- 22 At —0-7
— .18 At +1-1
— 185A¢t 4+ 0-3
— 34 At —0-4
— 325A¢ 4+ 0:6
- 35 At +1-9
— 325At —1-0
— -320A¢t — 1-8 =
— 195A¢t +1-1 =

From these the depth of compeunsation obtained is 91 kilometres with a probable
error of 29 kilometres.

On account of the small number of stations no great significance can be attached to
these two results. They are, however, a rough confirmation of the order of magnitude
that has already been fouund for the depth of compensation.

In concluding this report the writer wishes to acknowledge his indebtedness and at
the same time to express his gratitude for the assistance and many valuable suggestions
he has received from Mr. R. Meldrum Stewart, Assistant Director of this Observatory.

[ A I |
S e Qe e e e o

DoMiNION OBSERVATORY,
OrrAawa,
December, 1923.
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PHOTOMETRY WITH A 6-INCH DOUBLET

PHOTOGRAPHIC EQUATORIAL

When the photographic telescope * of the Dominion Observatory was mounted in a
separate building (Fig. 1), the 6-inch doublet then purchased was figured for stellar photo-
metry by the extra-focal method of Parkhurst and Jordan.? Both the 6-inch and 8-inch
doublets give excellent negatives in stellar photography but the dises formed by the 8-
inch, when the plate is within or without the focus, are too uneven to permit of accurate
measurements of their densities. The 6-inch being figured with a view to extra-focal
work gives fairly even discs when the plate is set at least 5 mm. outside the focus. If the
plate is closer to the focus the discs are too uneven to measure, a light centre making it
almost impossible to get accurate measurements. This is a very unfortunate condition
as it means the out-of-focus images must be at least 1 mm. in diameter and this necessitates,
for stars below the seventh magnitude, an exposure so long that the plates will be fogged
by the city lights. In other words, the 6-inch is not suitable for extra-focal photometry
of the fainter stars. This difficulty was soon realized and the work embraced in this
article was carried out, having in mind a focal method by which the fainter stars might
be reached.

mm.

16

15 i
[l 20 30 40 50 60 70

Fig.!2—Spherical Aberration Curve—6-inch Doublet

The 6-inch doublet was thoroughly tested for spherical and chromatic aberration by
the Hartmann ® method. Fig. 2 shows a maximum spherical aberration of slightly over
0-4 mm. and Fig. 3 gives the colour curve. The field of the doublet is reasonably flat,

mm. T
23 =
~~r [
2 S . =TT
l | A L el
5 4 3 2 | 5 9,8 7T 6 5 4,3 2 I 4019 8 7 6 35
|
= Hg Hl'y 5 |I| K

Fig. 3—Colour Curve of 6-inch Doublet

good definition being obtainable on focal plates over a field of about 9° diameter. For
extra-focal work, however, the curvature of the field necessitates a correction which will

1Jour. R.A.8.C., Sept.-Oct., 1914.
*A. I, Vol. 26, p. 244, 1907.
3 Zeitschrift fur Instrumentenkunde, Vol. 24, pp. 1, 33 and 97, 1904.
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be dealt with in detail in a subsequent paragraph. This correction limits the available
field to a radius of about 3°; adapters are therefore fitted in place of the 8 by 10-inch
plate holders and 4 by 5-inch plates used. The 4 by 5-inch plate holders can be moved
25 mm. in declination either way from the central position so that a series of exposures
can be made on one plate.

The guiding telescope with a focal length of 52-5 inches and aperture of 4-5 inches
is sufficiently powerful to permit of very accurate guiding, even for focal plates. This
is, of course, very necessary as the instrument is used for direct photography of star fields
and comets. There are also two 8-inch objeetive prisms of 15° and 25° angles. These
can be mounted, separately or together, on the 8-inch doublet and are used for photo-
graphing spectra of comets and star fields. The combined prisms give a spectrum slightly
over one-half inch between Hg and K. The guiding telescope can be moved in declination,
but not far enough to guide directly on the object whose spectrum is being photographed.
The eye-piece can also be moved in any direction, linear and circular scales on the eye-end
of the tube providing a check on any setting should it be necessary to repeat the observa-
tion at another date. This shifting of the eye-piece is especially useful in photographing
comets with tails of a length greater than the radius of the plate. The telescope and
mounting are shown in Fig. 4.

PHOTOMETRIC METHOD
SENSITOMETER Box

The sensitometer box (Fig. 5) is similar to those used in other observatories but per-
haps a brief description might be given. There are twenty light brass tubes, each 75 mm.
long and 10 mm. in diameter, set parallel in a brass box 129 mm. by 101 mm. by 80 mm.
Over each end of the box is a thin brass plate pierced with circular holes opposite the centre
of each tube. The holes in the back plate are 0-8 mm. diameter. Those in the front
plate vary from 0-739 mm. to 4-360 mm. In each tube are two diaphragms to prevent
reflection of light from the walls of the tubes, and the front and back plates and interior
of each tube are coated with a dull black paint to further reduce reflection.

The sides of the box extend 3 mm. beyond the back plate, thus forming a holder for
the photographic plate. A light-tight cover fits over the end of the box and inside this
cover are two springs which press the photographic plate tightly against the back plate.

A metal framework (see Fig. 6) which can be rotated by an electric motor holds the
sensitometer in such a position that the front end points toward the pole through an
opening in a window of the dark room. A fixed frame in front of the box contains several
sheets of opal glass which render the illumination of the front plate openings more uniform,
and the rotation of the box during exposure eliminates, to a great extent, irregular illumin-
ation due to lack of uniformity in the thickness of the opal glass sheets.

The light passes through the openings in the front and back plates and strikes the
photographic plate, producing thereon a circular image of the same size as the openings
in the back plate. The relative densities of these images depend on the relative diameters
of the openings in the front plate. These diameters were measured several times in two
coordinates and the mean is given in the second column of Table I. The third column
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F16. 5—Sensitometer Box

Fig. 6—Mounting for rotating Sensitonieter Box
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Fie. 7—Microphotometer
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gives log D?, the logarithm of the relative area, hence the logarithm of the relative amount
of light admitted by each hole. Column four gives the relative amount of light expressed
in magnitudes. Column five is 4-00 minus column four, thus expressing the relative
magnitudes of the images produced through the sensitometer openings in a form con-
venient for use in stellar work. The application of these relative magnitudes to the star
images on the plates will be fully explained in a later paragraph.

TABLE I
A Log D? A Log D2
Hole Diam. Log D2 A Mag. Hole Diam. Log D? A Mag,
4 4
mm. mm. 3 ¢
1 0-7391 | 9-73740 0-000 4-00 11 1-8109 | 0-51580 1-946 2-05
2 0-8229 9.83072 0-233 3-77 12 2-0192 061036 2-182 1-82
3. 0-8788 | 9-88778 0-376 3-62 13 2-1919 | 0-68164 2-360 1-64
4 0-9677 | 9-97146 0-585 3-42 14 2-4535 | 0-77958 2-605 1-40
5 10388 | 0-03306 0-739 3-26 15 2-7532 | 0-87968 2-855 1-15
6 - 1-1302 | 0-10634 0-922 3.08 16 2:9920 | 0-95192 3-036 0-96
7 1-1887 | 0-15012 1-032 2-97 17 3-3170 | 1-04150 3-260 0-74
8 1-3284 | 0-24662 1-273 2-73 18 3-6066 | 1-11420 3-442 0-56
9 1-4122 | 0-29976 1-406 2-59 19 3-9089 | 1-18410 3-617 0-38
10 1-6103 0-41380 1-691 2:31 20 4-3609 1-27916 3-852 0:15

ExPoSURE AND DEVELOPMENT OF PLATES

Seed 30, Gilt Edge, plates have been used for all photometric work as they are fast
and comparatively free from chemical fog. The holders are loaded in the dark (no red
light) and wrapped in black cloth until the telescope is ready. The dome ‘is kept dark
during exposure, only a 2 ¢.p. lamp enclosed in a wooden tube being used. It was origin-
ally intended to expose each plate in the sensitometer box on the following day, just before
developing, but for reasons which will be given later this practice was soon given up and
only a certain number of plates of each emulsion exposed in the sensitometer box.

Hydrochinone developer has been used in all the work. The formula as given by
Prof. Parkhurst follows:—

A. B
L3 64 Dz e, (ol hgvaumean s 64 oz
Sulphite of soda, dry.... 2 oz. Sulphite of Soda, dry.... 2oz.
Hydrochinone. .......... 23 oz.  Potassium Carbonate. .. .. 8 oz.
Sulphuric Acid e.p....... 2 drs. Potassium Bromide...... 200 grs.

Equal parts A and B.

A wooden tank 18 by 8 by 8 inches, lined with block tin, is used to control the temper-
ature of the developer. In the winter this tank is filled with water and an electric heating
element controlled by a contact thermometer, whose bulb is in the water, keeps the
temperature of the water at 20° C. In the summer the water from the tap runs around
the tank, the flow being regulated according to the temperature of the room. The devel-
oper is put in an Eastman developing tank which is then put in the temperature bath and
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the plates immersed as the timer is started. The developer is kept in 16-0z. bottles which
stand in one end of the temperature tank so that the developer is always at the required
temperature. The time of development is eight minutes. The plates are then fixed for
twenty minutes on edge in a hypo bath, to which has been added Velox liquid hardener.
This has proved to be an excellent fixer both for clearness of plates and keeping properties
of the fixer. There is some doubt as to the effect of developing from one to six plates in
the same quantity of developer. Whether there would be any change in the form of
the reduction curve has not been investigated.

MEASUREMENT OF PLATES

The deusities of the sensitometer images and the out-of-focus images of the stars are
measured with a Hartmann microphotometer, shown in Fig. 7. This instrument is similar
to that used by Prof. Parkhurst and fully described in Astrophysical Journal, Vol. 10,
p. 321. A and B are microscope objectives through which the light shines from source
P., two mirrors reflecting the light into these objectives. C is a Lummer-Brodhun cube,
in the centre of which a small silvered portion reflects the light from B to the eye-piece F,
while the remaining surface of the cube C permits the light from A to pass directly to F.~
The photographic plate to be measured is placed on the table K and adjusted by means
of screws L and M until the star image is directly beneath B. In this way the inteusity of
the light through B is controlled by the density of the star image. Now in the centre of
the field of view of F we have the light coming through the image whose density we wish to
measure. Around this we have the light from A. To equalize the two parts of the field
of view a photographic wedge W is placed in front of ‘A. This wedge can be moved
across the field of A by the knurled head D until the light through A just equals that
through B. A millimetre scale to the right of A gives the position of the wedge for each
setting,. .

The eye-piece G, together with the 45° prism H, gives a clear view of the plate through
the objective B, only a very small part in the centre of the field being obscured by the
silver spot on C. By means of the plate carrier K, controlled by screws L and M, one can
quickly bring any part of the photographic plate within the field of the objective B. In
this way it is very easy to set the silver spot on the desired star image. The lens E magni-
fies the scale on the wedge carrier, thus giving quick and accurate readings to one-tenth
of a millimetre. O and R are mirrors for reflecting the light from the source P to the scale.
The source P is a 40-watt Mazda lamp, frosted. The light passes through ground glass
before being reflected to objectives A and B.

The wedge W was very kindly furnished by the late Professor E. C. Pickering. The
plates used being Seed 30 and the wedge being made from Seed 23, the difference in grain
is very apparent when wedge and plate are in focus. This trouble was eliminated by
adjusting objectives A and B so that the plate and wedge were both 2-0 mm. out of focus.

Three settings are made on each image and the mean taken as the scale reading.
When the instrument was first adjusted an extra-focal plate of the Pleiades was measured
several times and the mean of these measures is used to check up the instrument from
time to time. In this way any change due to moving of the wedge or lamp, or defects in
the mirrors, will be readily detected. Excellent agreement has always been obtained in
repeating measures at irregular intervals.
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REDUCTION OF MEASUREMENTS

The first step in the reduction of the seale readings of the microphotometer to relative
star magnitudes is the construction of the so-called reduction curve. A plate which has
been exposed in the sensitometer box before developing is placed in the instrument and
the gensitometer images measured. These measures or scale readings are plotted against
the relative magnitudes of the openings in the front plate of the sensitometer box, as
given in the last column of Table I. A smooth curve through the plotted points gives
the desired reduction curve. By means of this curve all wedge readings for star images
may be converted to relative magnitudes.

It was at first intended to expose each plate in the sensitometer box and so have a
separate reduction curve for each plate. This would require extra measuring but would
provide for individual characteristics of all plates. However, even after much experi-
menting the sensitometer images often failed to give a satisfactory reduction curve.
Lack of uniformity due to differences in the time of exposure in the sensitometer box
was eliminated by cutting down the light so that the exposure was never less than one
minute. The chief difficulty, however, was a sudden increase or decrease in density
between successive rows of images, this change being lengthwise, crosswise or radial.
The first produced a change in the slope of the curve for each row of images, the second
gave a change in the height of the curve for each row while the last caused a bending of
the curve for each row. A large percentage of the plates gave satisfactory curves but the
number which gave useless curves was such as to lead to other methods. Moreover, a
sudden change in the brightness of the sky while one was in the dark room often led to
over or under exposure of the plate. Consequently it was decided to measure from eight
to a dozen plates for each emulsion and take the mean curve. This was done for several
emulsions and there has been such good agreement among the curves of the various
emulsions that all measures to date have been re-examined and reduced by a curve formed
from the means of the emulsions. Fig. 8 shows this curve. In view, however, of the
experience of other observers regarding the change of the reduction curve with the change
of emulsion a few trial curves are made for each emulsion. To date, however, the mean
curve has been quite satisfactory.

CORRECTION FOR SKY Foc oN PLATES

So far the reduction curve referred to is one constructed from measures on plates
whose film measures have never been more than 6-0 on the microphotometer scale. This
film measure is a setting made on the plate close to the star image under measurement.
Such settings are made beside every image measured to detect any irregularities or defects
around the image and also to determine the amount of fog over the surface of the plate.
Where these film readings ave more than 6-0 a change is produced in the form of the
reduction curve, the lower end of the curve being raised. Knowing this fog effect before
drawing up the specifications of the sensitometer box, the openings were so planned as
to group them about the bend of the reduction curve but in the drilling of the plate the
drills available did not permit of this being done to the extent desired. The following
procedure serves to give any change in the reduction curve due to sky fog. Two exposures,
one about five times the other, are made of the same star field on the one plate. This
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gives dense images and faint images of the same stars and the difference between these
dense and faint images, expressed in magnitudes, should be the same for each pair. The
denser images fall on the straight part of the curve which is unaffected by sky fog. The
lower part of the curve, on which the measures of the fainter images fall, is then adjusted
until there is the same difference for all pairs. This gives the correct reduction curve for
any particular film reading of the plate. When the sky fog is so dense as to give a film
reading beyond 10-5 the effect on the reduction is such as to render it useless for accurate
reductions. Consequently, all plates with film readings greater than 10-5 are discarded.
Any exposure sufficiently long to give measurable images of the fainter stars fogs the plate
well beyond film reading 10-5, so it will be readily seen that this method is not suitable
for photometric work at this observatory.

CoRRECTION FOR CURVATURE OF FIELD oF CAMERA

Since the focus of the centre of the field of the camera is longer than that of the outer
parts of the field, the centre of the plate is not so far out of focus as are the surrounding
parts. Consequently, the size of the star image increases according to its dis-
tance from the optical centre. This increase in the size of the image means that the
image of a star will be more dense when it is in the centre of the plate than if it were out
some distance. In order that we may have the relative magnitudes of the stars on the
plate it is necessary to apply a correction dependent on the distance of the star from the
centre of the field. This correction is determined in the following manner. The telescope
is set so that Polaris or some other star near it is in the centre of the field, a star near
the pole being chosen so that there will be no marked change in zenith distance during the
exposure. After an exposure sufficient to give a good image the telescope is moved about
20 minutes in declination and another exposure made. This is repeated across the plate
to a distance of about 3 degrees each way from the centre. Care must be taken to have
the exposure times as nearly the same as possible, and also the sky must be uniformly
clear during the entire series of exposures. The densities of the resulting images are
measured and converted to relative magnitudes from the reduction curve.

These relative magnitudes are subtracted from the magnitude of the central image
and the resulting differences plotted against the distances of the respective images from
the centre. The curve thus formed (Fig. 9) gives the corrections necessary to reduce all
measures to the centre of the plate. Table II gives these corrections in tabulated form.
Any errors in the curve due to wrong exposure time or uneven sky are reduced to a mini-
mum by taking the mean of a large number of plates.

ATMOSPHERIC ABSORPTION

As the effective field of the 6-inch doublet as used in photometric work has a diameter
of nearly 6 degrees the zenith distances of the stars on a plate differ. If the field being
photographed is far south or far east or west of the meridian, this difference in zenith
distance means a difference in the relative magnitudes due to a difference in the atmos-
pheric absorption. The zenith distance of the centre of the plate at the middle of the
exposure and also the angle pole-star-zenith are measured directly from a globe and the
differences in zenith distance, AZ, between the centre star and the others are then read
directly from the plate by a graphic method of Prof. Parkhurst’s. Using the extinction
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curve of Wirtz ! the change in magnitude, AM, due to the difference in zenith distance,

AZ, is determined. Table III gives the quantity, AA—7 for various zenith distances as

4

derived from the Wirtz curve. This quantity multiplied by AZ gives the required AM.
TABLE 11
CORRECTIONS FOR DISTANCE FROM CENTRE OF FIELD

P P p P
Distance Correc- Distance Correc- Distance Correc- Distance Correc-
from tion* from tion* from tion* from tion*
centre centre centre 1 centre
o M o M o M o M
0-1 0-00 0-9 0-03 1-7 0-09 2.5 0-18
0-2 0-00 1.0 0-03 1-8 0-10 2-6 0-19
0-3 0-00 1-1 0-04 1-9 0-11 2-7 0-20
0-4 0-01 1-2 0-05 2-0 0-12 2-8 0-22
0-5 0-01 1.3 0-06 2-1 0-13 29 0-23
0-6 0-01 1-4 0-06 2-2 0-14 3-0 0-24
0.7 0-02 1-5 0-07 2-3 0-15 3-1 0-26
0- 0-02 1-6 0-08 2-4 0-17 3-2 0-27

*This correction is necessarily negative as the distance out of focus increases with distance from centre; hence the images
are largel: and less dense, and the star would appear to be fainter than it really is. To correct for this apparent faintness we must
increase its magnitude, that is, apply a negative correction.

1A, N, Vol. 154, p. 349, 1900.
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TABLE 111

AM AM AM AM

Zenith —_— Zenith | —_— Zenith —_— Zenith —_

distance AZ distance AZ distance AZ distance AZ

© M 2 M $ M 2 M

10 0-001 37 0-007 50 0-013 58 0-020
15 0-002 40 0-008 51 0-014 59 0.021
20 0-002 42 0-009 52 0-015 60 0-023
25 0-003 44 0-010 53 0-016 61 0-025
30 0-005 46 0-010 54 0-017 62 0-028
34 0-006 47 0-011 55 0-018 63 0-030
35 0-006 48 0-011 56 0-019 64 0-032
36 0-007 49 0-012 57 0-019 65 0-035

The following sample reduction of some stars on plate No. 517, as given in Table 1V,

will make clear the method of measurement and reduction of the star images.
TABLE IV
2 AM
Plate 517 (part) HA =28 W; :=365; =128°-5; —— =007
Observed
Scale Rel. Corrn. Corr’d. |Park. Mag.| Final Mag.
Star Reading | Mag, I3 AZ for p AM Rel. —Corr’d. | Mag,. —Park.
Mag, Rel. Mag. Mag.
B.D.
77° 641 46-8 1-19 0-5 +0-1 —-01 -00 1-18 5-42 6-53 —-02
77 634 54-9 0-86 1-1 -~0-3 —-04 -00 0-82 5-54 6-22 —-14
78 562 25-1 2-09 1-3 -0-8 —-06 —-01 2-02 5-47 7-42 —-07
77 627 25-1 2-09 1-7 -0-9 —-09 —-01 1-99 5-44 7-39 —-04
79 511 21-6 2-30 1-4 -1-3 —-06 —-01 2-23 5-27 7-63 +-13
80 519 20-8 2-36 2-2 -1-9 —-i4 —-01 2-21 5-32 7-61 +-08
79 540 25-7 2-06 1-5 0-0 —-07 00 1-99 5-36 7-39 +-04

H.A. is the hour angle of the centre of the plate at the middle of exposure.

2 is the zenith distance of the centre of the plate at the middle of exposure.

%m the angle pole-star-zenith and is measured directly from a globe. This angle is necessary in order that AZ may be read
graphically from the plates.

Y stated above is from Wirtz's extinetion curve and its value, depending on the zenith distance, is given in Table III.

Column (1)
Column (2)
Column (3)
Column (4)
Column (5)
Column (6)

Column (7)

Column (8)
Column (9)

Column (10)

gives the B.D. number of the star.

gives the density of the star image in terms of the scale on the microphotometer.

gives the relative magnitude of each star as read from the mean reduction curve.

gives the distance of each star from the centre of the plate.

gives the difference in zenith distance between each star and the centre of the plate.

gives the correction for reducing each measure to the centre of the plate, being read directly from Table II.

gives the correction for atmospheric absorption being derived from AZ and Table III, which gives A;M for
the zenith distance of the centre of the plate. Az
gives relative magnitudes to which the corrections have been applied.

gives difference between Parkhurst’s magnitudes and the relative corrected magnitudes. The mean of the
quantities in column (9) gives the quantity to be added to column (8) to give the final magnitudes as in column
(10). For this plate the mean of column (9) was 5-49.

gives the residuals, observed magnitudes minus Parkhurst's magnitudes.
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While the most outstanding sources of error have doubtless been taken care of by the
methods described there are still possible sources of minor errors. The variation in the
thickness of the glass in the photographic plate must produce errors which are classed as
accidental along with all other irregularitjes of the film not revealed by the film readings.
The sky fog is taken care of up to a certain density beyond which it is well to discard the
plate. Also much greater accuracy is assured by discarding all measures of star images
below 20 and above 55 as the reduction curve is much more uncertain beyond these points
and there is a lack of agreement between successive settings of the wedge.

TABLE OF EXPOSURES

TABLE V
Plate Date Julian Day Exposure
d hams g h m
: 1917—
S S DR S T s e S e S R S T April 21 15 52 55 2421340-6617 0 10
- e e e L B e B R i e S Bl S ey 16 17 55 340-6791 0 10
P P e M AV A i e s B e B S s T L s 17 18 55 340-7215 0 10
e e P e 17 46 55 340-7409 0 10
G o e e o o 2 e B T TR e STy -May 14 15 51 56 363-6610 0 10
1919—
L TSl e T g e s Bl i ST e LI 55 July 24 16 47 00 2422164 -6993 0 15
T et SR e N R e AL el e 17 16 00 164-7194 0 15
B0l s S R e S e S