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The concentration of the motions of A- and F-type stars around the velocity
of the Ursa Major cluster, by 7. Dellaye.

A study of the concentration of the space velocities of the A and F stars around the Ursa Major cluster velocity indicates the
-existence of a preferential motion in that direction, with a dispersion between 2 and 3 km.sec™? in one co-ordinate.

It is well known that stars of early type show a
tendency for moving in clusters, the members of which
‘have the same velocity and are either very near to
each other in space or more dispersed. Among these
is the widely dispersed Ursa Major cluster. It has been
studied by a great number of authors since its dis-
covery by Proctor and HEerTzsPRUNG. A list of the
principal articles dealing with it is given at the end
of the present paper.

The lists of members given by these authors are
very different, according to the criteria adopted for
membership. SMART, after a re-examination of the
proposed members, retained 42z definitive and 32

- doubtful members of the cluster. Miss N. G. Roman
has examined that question anew and she has publish-
ed a summary of her results 1), according to which the
cluster is formed by a nucleus containing 11 stars
within ¢ parsecs, the remaining stars being within
135 parsecs from the nucleus, and the whole cluster
containing 32 definite and 12 probable members, with
possibly several others in the region south of — 30°,
which was not considered by the author.

This great extension in space of the Ursa Major
cluster is known since HERTZSPRUNG 2) had added to
the five stars f3, 7, 9, ¢, ¢ UMa, primarily recognised
as members of the cluster, a few stars, among which
was Sirius, and it has hitherto been accepted by all
the authors as a fact of observation and a particular
property of the Ursa Major cluster.

The present work has been performed during a stay
at the Leiden Observatory, as a tentative discussion
of that property, according to suggestions of Prof.
J. H. Oorr. The great number of members found in

the different investigations and their great dispersion .

in space might suggest the existence among the early-
type stars of a certain proportion of stars moving in a
direction near to that of the Ursa Major nucleus. This

1) See Bibl. XIX.
?) See Bibl. IIL

possibility also appears in an investigation by STREM-
BERG in 1923 1).
The aim of this work is to study that question.

The Leiden material of space velocities.

A material of space velocities is available at the
Leiden Observatory; it has been computed during the
war years by Dr J. E. Baron DE VOs VAN STEENWIJK. -
Dr pE Vos vaN STEENWIJK had also made a prelimi-
nary discussion of this material and of the Ursa Major
stream. This material contains the galactic components
of the velocities relative to the sun of about 2000 stars,
brighter than 6=-3.

The proper motions were taken from the General
Catalogue of B. Boss, with application of SMART’S
systematic corrections 2); the parallaxes, from the
material of spectroscopic parallaxes of Apawms and his
associates at the Mount Wilson Observatory?), with
application of vaAN RHIJN’s corrections ¢); the radial
velocities, from different sources ). .

The components, designated by #, v, w, correspond
to the directions [ = 0, = 0;/ = 90°,b = 0; b = 90°,
respectively.

The Ursa Major velocity.
After Sirius had been recognised as a member of the
cluster, the determinations of the position of the apex

1) G. STREMBERG, Mt Wilson Cont. No. 257; Ap. F. 51, 77 (1923).

2) W. M. SMarT, M.N. 101, 37 (1940).

3) W. S. Apams, A. H. Joy, M. L. Humason and A. M.
BravToN, Mt Wilson Cont. No. 5115 Ap. 7. 81, 187 (1935).

4y P. J. van RN, Groningen Publ. No. 49 (1939).

5) J. H. Moore, Lick Publ. 18 (1932).

V. A. Arsrrzxy and G. A. SHAJN, Publ. Poulkovo série 1I,
vol. 43 (1933).

W. E. HarPER, Publ. Dom. Astr. Obs. Victoria 6, 1513 Publ.
Dom. Astr. Obs. Victoria T, 1.

R. F. Sanrorp and P. W. MerriLL, Mt Wilson Cont. No. 591;
Ap.F- 81, 517 (1938).

W. H. Caristie and O. C. WirsoN, Mt Wilson Cont. No. 593;
4p.J- 88, 34 (1938).

R. K. Young, Publ. David Dunlap Obs. 1, No. 3 (1939).
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. : * " FIGURE 1. Velocities of A stars projected on the galactic plane. ) S
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and of the velocity were based on the membership of
Sirius. For the present work it has been necessary
to adopt the apex and the velocity computed from the
members of the nucleus alone. These data were com-
puted and kindly communicated by Miss N. G.

Rowman, who finds the followmg convergent and velo-
city relative to the sun:

4 = 307°3,
D = —37°7,
V = 158 km. sec”

The velocity is uncertain because of a discrepancy
between the results from radial velocities and paral-
laxes respectively. The position of the apex is little
affected by this uncertainty.

The concentration of the velocities around the Ursa Major
velocity.
This investigation concerns the stars of types Ao— A9
and Fo—Fg, designated as A and F stars respectively.
Figures 1 and 2 show the space velocities projected
on the galactic plane. The velocities ', v’, w’, plotted

are the velocities corrected for the motion of the sun,.

for which I have assumed:
‘u', = -+ 170 km, sec”,
v’o + 7 4,
=+
The th1rd component has been indicated with the
following symbols: the velocities of which the
w’-component is between — 1okm.sec™ and + 1o km.

X

sec” are designated by a dot. If »’ is greater than |

+ 1o0km.sec™, the Velocity is indicated by the sign +,
and if ' is smaller than — 10km. sec™, by the sign —

The velocity of the Ursa Major nucleus is 1nd1cated -

by an open circle, and the open square designates the

velocxty of the Hyades cluster, the components being | .

in km. sec™ respectlvely
- u v w'
UMa + 281, 4+ 15 — 22
"Hya = —246 4154 448

The members of the nucleus according to Miss |

RomMaN’s list, present in the material, and the mem-
bers of the Hyades according to SMART’S paper 1) have

been excluded from the diagrams. Several stars could |

TABLE 1
Nucleus stars present in the material (all of type A)
HD .| GC #1950 I km.g km.:)ec—1 km.sec—*
- -h m ) ' _
91480 | 14527 |10 32°0| + 57 20 |+ 133|— 47| — 75
95418 | 15145 588 | + 56 39 |+ 14'4|— 47| — 76
113139 | 17664 | 12 586 | + 56.38 |+ 21°3|— 49| — 64
116656 | 18133 |13 21°9 | + 55 11 |[+ 197|— 78| — 03
116657 | 18134 21'9| + 55 11 |+ 21°I|]— Q0| — 79

1) W. M. SmarT, M.N. 99, 168 (1939).
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Hyades stars present in the material
HD | GG | argso | Groso | oy gee ’ kmsecT | 0 sec*
TYPE A ’
h m ’ o ’ — R
25202 | 4807 | 3579| + 1803 |— 3598+ 78 — 18
27176 | 5189 | 4 15°4| + 21 28 |— 34'5|+ 14| 4+ 16
27459 | 5252 178 | + 14 59 |— 422|— ‘26| + 67
27749 | 5315 20'5| + 16 40 |— 484|+ o1| + 36
- 27819 | 5328 21'2| + 17 20 |— 41°6|+ 62| — 28
27901 | 5344 220 + 18 56 |— 443+ 277 — 11
27934 | 5350 22'4| + 22 11.|— 4104+ 139! — 68
27946 | 5351 22'4| + 22 05 |— 402|— 04| + 07
27962 | 5354 22°6| + 17 49 |— 434|+ 38| + 16
28024 | 5370 23'3| + 22 42 |— 3824+ 65 — 18
28226 | 5412 25'0| + 21 31 |— 381+ 185 4 131
28204 | 5425 256 + 14 38 |— 589|+ 76| — 12
28319 | 5436 25'8| 4+ 15 46 |— 498+ 56| — o4
28355 | 5443 260| + 12 56 |— 40'5|+ 32| + 32
28485 | 5467 27°'3| + 15 32 |— 408— 41| + 7’5
28527 | 5480 2777+ 16 05 |— 45T+ 39| + o7
29375 | 5643 353| + 1556 — 442+ 50 + o8
29388 | 5645 354 |+ 12 25 |— 519|+ 120 — 5'0
29499 | 5665 36'4| + 746 |— 377+ 21| + 64
30034 | 5767 417 | + 1103 |— 450+ 42| + 15
30210 | 5802 432+ 11 37 |— 437(+ 58| + 19
30780 | 5907 484 + 18 45 |— 348+ 27| + o8
33254 | 6300 | 5066| + 946|— 413/+ 56| + o9
TYPE F
h o .
24357 | 4677 | 3503 | + 1711 |— syal— 45| + o
25102 | 4790 56'9| + 10 11 |— 487+ 87| 4+ o3
25570 | 4883 | 4o012| + 8o04|— 473+ 69/ + 773
© 26015 | 4964 49|+ 1502 |— 466+ 31| 4+ 22
26462 | 5042 87|+ 524|— 527+ 08| + 110
© 26011 | 5137 129 | + 15 17 |— 522|— 40| + 67
T 27991 | 5356 22'8| + 15 50 |— 454+ 20| + 1'8
28546 | 5482 278| +1535|— 501+ 12| + 45
28556 | 5483 27'8| + 13 37 |— 3502+ o1| + 42
31236 | 5084 52'0| + 19 24 |— 367|4+ o5] — o5
TABLE 3
Stars with velocities exceeding the limits of the diagrams
- HD | GG | agso 9050 | omgec—? | kem.sec—? km.suéc—"
TYPE A
, h m o * .
6763 | 1383 | 105°8| + 523 |+ 69'3|— 327| — 370
" 21770 | 4210 | 3 29°0| + 45 53 |-+ 22'0|— 408 — 5'5
‘151199 |22521 |16 41°9| + 55 47 |— 68'7[+ 750 — 9573
TYPE F
h m o ’ .
. 10453 | 2069 | 139'3| — II 34|— IOl— 7I'r| — Q2
- 14214 | 2770 | 215°4| + 131 |— 505+ 435 + 157
- 15228 | 2946 | 2247| + 959 |+ 70'3|— 459 — 21'3
- 33564 | 6455 | 5143 | + 79 11 |+ 561+ 324 — 744
- 46588 | 8711 | 6377+ 7937 |— 831+ 48T — 974
78362 |12646 | 9 068 | 4+ 63 43 |+ 13°4/— 85°0| + 856
83808 {13366 | 9 38'5| + 10 07 [— 1180+ 80| — 803
- 91889 /14582 |10 34'0| — 11 58 [+ 35'7|— 59'3| — 373
. 106516 |16731 |12 12°6| — 10 O1 [+ 7'O|— 125'1| — 880
119992 (18605 |13 43°4| + 56 08 |+ 33'1|— 59'T| + 231
124425 [19188 |14 11'1| — 0 37 |4+ 56'0|— 31'4| — 20°9
128429 {19695 |14 34°3| — 12 06 |[— 184'1|4+ 60'2| + 747
- 136064 {20532 |15 14'1 | + 67 32 |+ 40°1|— 3582 — 237
.- 136202 |20591 |15 16°8| 4+ 1 57|+ 667— 590 — 11'6
142860 {21408 |15 54'1| + 15 49 |+ 33°'I|— 672 — 306
- 182807 (26825 |19 23'4| + 24 49 |+ 43'9|— 95'7| — 24'6
- 201601 |29591 |21 07°'9| + 9 56 |— 23'0|— 96'2| — 964

© Astronomical Institutes of The Netherlands ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1948BAN....10..409D&amp;db_key=AST

FT94BBAN.  ©.-107 “Z09D

412

not be entered on these diagrams because their
velocities exceed the limits of the figures. The data
corresponding to these three sets of stars are listed
in Tables 1, 2 and 3.

A rapid examination of Figures 1 and 2 suffices to
show that there are more velocities around the Ursa
Major velocity than in the diametrically opposite part
of the diagram. As this phenomenon is disturbed by
the errors in the data, principally in the parallaxes,
it seemed preferable to return to the proper motions
and the radial velocities separately, after using the
diagrams of the space velocities for the selection of the
stars to be considered. -

The selected stars are those the velocity points of
which are contained in a sphere of radius 10 km. sec™
and centred on the velocity point of the Ursa- Major
nucleus (that sphere is represented on the figures by

LEIDEN

B.A.N. 3905
(1) current numbers;
(2) numbers in the General Catalogue of B. Boss;
(3) numbers in the Henry Draper Catalogue;
(4), (5) magnitudes and spectral types from M.W/.
C. No. 51135
(6), (7)  positions of the stars for 1950°0;
(8) corrected spectroscopic parallaxes w, as
indicated above;
(9) angular distances A to the convergent of

the nucleus;
(10), (11), galactic components of the space velocities
(12) relative to the sun, in km. sec
(13), (14) annual proper motions, corrected accor-
ding to SMART’s tables;
(15), (16) observed position angles ¢o, of the proper
motions, and probable errors;

its intersection with the u’, v’-plane), namely 22 A | (17) position angles ¢, calculated on the hypo-
and 13 F stars, which are given in Table 4, with the thesis that the stars belong to the cluster;
following data in the different columns: (18) residuals Ay = g — §y;
TABLE 4
: GC HD m Sp %1950 drgso ™ 2 u v w
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
h m o | " w P km,sec— ! km.sec—! km.sec—?!
1 1003 4813 52 Fog. 0476 | — 10355 0°066 63 19 + 166 — 132 | — 12°4
2 1254 6116 5'0 Ass 1 01 +41 3 7 100 08 + 171 + o7 — 100 -
3 2424 I2IIX 47 Abs 1578 | 4+ 70 40 22 122 49 + 145 — 2'0 — 36
4 . 2668 13594 6'4 F2 2108 | + 47 15 24 113 57 + 11°2 — 89 — 136
5 3582 18519 62 | Ags 2563 | +21 8 8 | 10756 + 11°0 - 37 | — 53
6 6274 33111 29 Azn 554 | — 5 9 66 116 10 + 93 — 31 — 49
7 | 6411 33959 54 | Ags 512’1 | + 3238 14 13949 | +120 | — 09 | — 37°
8 7197 38303 38 Fo6 5424 | — 2228 100 ‘108 11 + 17'1 — 47 — 10°8 -
9 7419 39537 46 | Fo 5514 | -+ 2016 76 14143 | +133 | — 49 | — 87
10 7543 40183’ 2’8 | Aan 5559 | +44 57 66 15042 | + 13’1 | — 109 | — 73
11 8037 | 43244 6’5 Azn | 6139 | + 46 27 16 153 46 + 99 + 3'3 —11'8
12 8833 48915 — 16 Azs 6429 | — 16 39 373 120 o8 + 12'0 — 77 | — 118 .
13 11047 67483 63 | F3 8 59 | + 1347 14 15530 | + 84 | — 65 | — 76 -
14 11199 68457 64 Azs 8116 | + 60 32 14 157 04 + 72 — 77 — 13'6
15 11338 69548 59 | Fz2 8164 | + 5754 34 15933 | + 120 | —12%7 | — 30
16 | 11083 . 74228 62 Ags 8405 | +12 52 22 154 58 + 1577 + o7 | — 104
17| 12406 | 76756 43 | Fo 8558 | +12 3| 27 | 15346 | +133 | — 69 | — 57
W8 | 12713 79028 5’5 Fog 9104 | + 61 38 55 | 15522 + 33 — I1'0 — 83
19 13559 85233 5°0 Aszs 9487 | + 54 18 16 158 36 + 56 — 32 | — 110
20 14107 89023 3'9 Fo 10 139 | +.23 40 © 18 153 31 + 134 — 38 — 13'4
21 17198 109799V 54 Fa 12 3570 | — 26 52 30 93 26 + 114 — 82 | — 126
22 | 19207 | 124675 49 A7n | 14117 | +52 1 22 121 16 + 98 — 52 | — 171
23 19319 - 125451 53 Fi1 14 168 | + 13 14 31 100 29 + 138 — 16 — 86
24 19777 129247 44 | Aan | 14388 | + 1357 36 9336 | + 33 | — o3 | — 9o
25 19825 - 129798 6°3 Fq 14 40'8 | -+ 61 28 20 121 16 + 167 — 61 — 94
26 20047 139006 2’3 | Amn | 15326 | + 2653 83 9449 | + 74 | — 30 | — 39
27| 25713 | 173654 5% Abs 18439 | — 1 1 18 4356 | + 179 — 52 — 55
28 | 25862 174589 60 | A6bn | 18487 | — 323 12 41 25 + 118 — 13 | — 3%
29 28258 - | 193502 60 | Ays | 20172 | + 5514 19 9259 | + 42 | — 55 | — 29
30 | 28481 | 104943 5'0 F1 20260 | — 17 59 27 19 47 + 16°9 — 67 — 88
31 30265 - | 205765 63 | Amn | 21350 | — o037 14 4000 | + 172 | — 39 | — 90
32 | 30872 209625 5°'s A8s 22 22 | — I 9 19 42 21 + 172 — 63 — 167
33 | 31016 - | 210459 44 | Am | 22 78 | 4 3256 18 7417 | + 63 | — 38 | — 34
34 | 31440 213320 52 Aazs 22 28'0 | — 1056 12 37 43 + 72 — 87 — 143
35 | 31943 - | 216627 3's Aszs 22 52'0 | — 16 3 27 38 ob + 140 — 31 — 138
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(19), (20) observed radial velocities R, and probable
-errors (all velocities are from MOORE’s
Catalogue, except the two marked with an

asterisk, which are taken from M.W.C. No.

593);

(21) radial velocities R, calculated on the as-
sumption that the stars belong to the
cluster;

(22) residual radial velocities AR = R, — R..

Figures 3 and 4 give the distribution of the abso-
lute values of the residual position angles and radial
velocities. These distributions are given separately for
the A and F stars, but the stars of the two types have
been combined for the following investigation, be-
cause of their small number and the uncertainty of
results based on each type separately.

It is possible to compute the distributions of these

residuals if the velocities of the stars considered are
distributed following a given law around the Ursa

LEIDEN
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Ficure 3 Ficure
A A
l—l ey N )
0° 50° 00° 0 w km.see™
5- F 54 F
[-‘_l r] 1 | snn BN F I | [—l L
0° 50° 100 150° 0 w0 km.sec™
]
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5 54 Jll—'
l_] I_1 1 1 M
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Distribution of the

absolute values of

the residual radial
velocities.

Major velocity, and to compare those theoretical
distributions with the observed. Because of the small

Distribution of the absolute values of
the residual position angles.

>

TABLE 4
¢, €OS ) ug Y ry Ye AY " R, rp R, AR
(13) (14) (15 (16) (17) (18) (19) (20) (21) (22) (1)
" " ° ° ° ° km.sec ™! | km.sec™! km.sec—! km.sec™!
— 0'228 | — o'225 225'4 + 03 233°L — 7y + 77 + o3 + 71 + 06 1
— 19 —  II 2399 68 2280 + 11°9 + 33 o7 — 28 + 61 2
— 63 -+ 4 2736 18 2488 + 248 — 42 12 — 86 + 44 3
— 62 | — 61 225°5 2°3 2396 . | — 141 — 83 o8 — 64 — 19 4
- 14| — 6 2463 38 2357 + x| — 53 1’3 — 49 — 0’4 5
— 91 | — 8« 2283 o's 2232 + 51 — 7 3 — 70 o 6
— 20 | + 10 296'5 4'9 2484 + 481 — 97 (orb) — 12°I + 24 7 .
— 283 | — 374 217'1 o2 21377 + 34| — 97 03 — 49 — 48 3
— 184 | — &7 2447 o3 2342 + 103 — 136 o2 —12°4 - 12 9
- 52 | — 4 2656 0’9 2707 —  5'I — 181 (orb) — 138 — 4’3 10
— 42 | + 14 2884 37 27771 + 11'3 — 76 27 — 142 + 66 II
— 533 | — 1212 2037 o1 204'2 — o5 | — 75 | (StndVel) | — 779 + o4 12
+ 3 — 20 171°5 63 191°1 — 19'6 — 14'1% 19 — 144 + 03 13
— 15 | + 5 2884 97 3509 ~| — 625 — 162 1’0o — 14°6 — 16 14
+ 60 | + 11 79°6 18 352°6 + 870 — 159 o6 — 148 — 11 15
+ B o go'o o 174°7 — 847 — 188 12 — 14'3 — 45 16
+ 39 — 35 131°9 0’9 1680 — 361 — 13°5 o's — 142 -+ o7 17
o | — 33 1800 30 197 + 161°3 — 140 (orb) — 144 + o4 18
- 5|+ 17 3436 48 47's — 639 | — 122 o6 — 147 + 2’5 19
+ 22 | — 10 114'4 24 128'3 — 139 — 187 I'5 — 14’1 — 46 - 20
+ 77| — o8 141°8 12 1350 + 359 — 08 o6 — 0’9 + o 21
+ 64 | — 5 94°5 1'6 112°6 — 181 — 14'9 o2 — 82 — 67 22
+ 107 | — 34 107°6 I 126°5 — 189 — 19 0’6 — 29 + 10 23
+ 55 — 23 1127 1'0 127°3 — 146 — 62 12 — 18 — 44 24
+ 72 - 31 113°3 1'8 112°5 + o8 — 6'8% I'1 — 82 + 14 25
+ 122 | — o4 127'6 o2 1302 — 26 + 10 (orb) — 13 + 2'3 26
+ 12 — 23 152°4 46 149°6 + 28 + 18 3 + 11°4 + 66 27
- 2 - 27 184°2 4'6 149°4 + 348 + 12 2 4+ 11°9 + o1 28
— 2 | — 22 1852 6°'s 1777 + 75 — 28 o7 — o8 — 20 29
— 14 — 25 2092 1'9 1781 . + 311 + 19'5 I'1 + 149 + 46 30
— 16 | — 21 217°3 55 2004 + 169 + 16°9 17 + 12°1 + 48 31
— 16 | — 50 1977 2°2 2076 — 99 + 204 (orb) + 1177 + 87 32
— 8 — 22 200'0 3'0 200'1 — .0'I + 22 17 + 43 — 21 33
+ 2 | — 30 176°2 7 219°Q — 437 |. + 137 Y + 12°5 + 12 34
- 38| - 24 2377 '3 2284 + 93 | + 180 o7 + 12°4 + 576 35
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number of stars, such a comparison can of course only

be rough. The theoretical distributions were computed

for each of the three following cases: '

A. the velocities are evcnly distributed in the sphere

-of radius 10 km. sec”

B. the velocities are distributed as follows: in a sphere
of 10 km centred in the point opposite to the velo-
city of the Ursa Major nucleus on the diagrams,
we find 8 stars. We assume consequently that the
velocities of 8 stars are accidentally contained in
our sphere, and are evenly distributed. It was
further assumed that half of the remaining stars
have velocities within a sphere of 5 km and the
other half between that and the sphere of 10 km;
the velocities are distributed as in case B, but the
sphere of 5 km is replaced by a sphere of 3 km.

These three cases are represented on Figures 5 and 6

for theresidual position angles and for theresidual radial

velocities, respectively. The dots correspond to the ob-
servations and the curves to the three theoretical cases.

Both figures indicate that there is a real concen-
tration of velocities towards the motion of the Ursa

C.
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Major nucleus. At the same time they show that the
velocities of the members of the extended Ursa Major
stream are not identical, but have a real dispersion,
the amount of which may be estimated as between
2 and 3 km. sec™ in one co-ordinate.

These findings confirm, at'least partly, the reality
of the long lists of members of the Ursa Major cluster
‘that have previously been published; only, the dis-
persion, both in space and velocity, is greater than
that found in other clusters. It is possible to consider
an alternative hypothesis: that of a preferential motion
amongst the early-type stars in a direction near that
of the velocity of the Ursa Major nucleus, the Ursa
Major nucleus stars forming a small cluster which
follows that preferential motion.

The present data cannot be conclusive, but it is to
‘be hoped that the increasing observational material
will permit to solve the question.

I wish to thank Prof. J. H. Oorr for his suggestion
and advices, Miss N. G. Roman for the communi-
cation of unpubhshed results, and Prof. E. HerTz-
spRUNG and Dr A. Braauw for valuable discussions,
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Companson between the observed and.the theoretical
distributions of the residual position angles.

Comparison between the observed and the theoretical
distributions o the residual radial velocities.
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