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COMMUNICATION FROM THE OBSERVATORY AT LEIDEN.

A determination of the longitude of the vertex and the ratio of the axes of the velocity-

ellipsoid from the dispersions of the proper motions of faint stars measured at the
Radcliffe Observatory, by 4. Blaanw.

The validity of the ellipsoidal hypothesis for the
description of the distribution of the proper motions
of faint stars has been shown mainly by vAN DE
Kamp and Vyssorsky !) from the McCormick
material, and by KNnox-SHAwW and ScoTt BARRETT?)
from the Radcliffe proper motions. However, the
data for the elements of the velocity-ellipsoid are
still rather uncertain. In both investigations SCHWARzZ-
scHILD’s method has been applied, in the first case
the “first” method, and in the second case the
‘“second” one, both depending on the distribution
of the directions of the absolute proper motions. The
results for the ratio of the axes obtained in this way
are systematically influenced by the relatively large
accidental errors of the proper motions of the faint
stars. Rough estimates of this effect were made
by van pE Kamp and Vyssorsky 2) and by OoRT ¢),
from which it is clear that considerable deviations
are due to this cause. As to the values for the lon-
gitudes of the vertex two results deserve attention,
viz. the systematic deviation of the longitude found,
from the direction to the galactic centre, and the
increase of this deviation for stars at low latitudes as
apparent from vaN DE Kamp and Vyssorsky’s work.

In view of these points it seemed justifiable to
attack the problem once more along a quite different
line, using the dispersions in the proper motion com-
ponents. If we assume that one of the axes of the
velocity-ellipsoid is directed to the galactic pole, we
can determine the longitude of the vertex and the
ratio of the two axes in the galactic plane in the
following way: In each area the mean without regard
to sign of the residual proper motion components in
the direction parallel to the galactic plane, |p|”, is
computed for a certain range in brightness, and

1) Publications of the Leander McCormick Observatory, Vol. VII,
SectionV. 2) Radcliffe Catalogue of Proper Motions (Introduction).
3) L.c.page22. %) B.A.N. No. 290, page 8r1.

corrected for accidental error as well as for the in-
fluence of the.sun’s motion. (The term residual
component refers to the difference between the ob-
served and the average component.) Suppose we are
able to reduce the results from different areas to the
same mean parallax; we can then consider the
dependence of these reduced values, #;, on the galac-
tic longitude towards which they point, the longitude
of the vertex being indicated by the largest values
of u;, and the variation with the longitude yielding
the ratio of the axes. Various zones of latitude may be
treated separately. In addition values [p;|”, computed
in the same way from the proper motion components
in the direction of increasing latitude, may give
some information about the size of the third axis
in the zones of low latitude, while in the areas near
the galactic pole, where they are directed nearly
parallel to the galactic plane, they can be used for
the same purpose as the p;-components.

In this way results are obtained, independent from
the reduction to absolute motion, and the influence
of the accidental errors can be taken into account
in a convenient way. On the other hand, some
trouble arises from the relatively large weight given
to the large proper motions, and, in low latitude
zones, from the reduction to the same mean parallax.
The first difficulty has been met by distributing the
effect of the large motions within each zone over the
components pointing between certain limits of
galactic longitude, and by rejecting a few very large
motions. For the reduction to the same mean par-
allax I have made use of the relation between the
star counts and average values of the mean paral-
laxes, to which OorT has drawn attention in his
article on mean parallaxes of faint stars (lL.c.).

If, in a certain area, p is the mean parallax of the
stars concerned and |v,| the corrected mean residual
proper motion component in the chosen direction, we
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can compute for each area |u;|/p = w, and then
make a comparison between the values of u; obtai-
ned from different areas.

Strictly we should apply corrections for the de-
pendence of the average velocity on the distance from
the sun and take into account the probable variation
of the velocity with the distance from the galactic
plane. These corrections correspond to the factors f
and 7 in OorT’s paper (l.c. pages 84 to 86). However,
they are small, and, varying little within each zone
of latitude, they were not applied.

It is pointed out by Oorr that the linear relation
between the logarithm of the number of stars per
square degree A(m), and the logarithm of the mean
parallax must be considered as still rather uncertain.
However, it is the only way in which we can obtain
individual mean parallaxes for areas at the same
galactic latitude, and being in a high degree in-
dependent of the magnitude, the relation is a valu-
able help in our investigation. For ‘the sake of com-
parison two plots have been made for the zone o° to
+ 20° latitude. The second (Figure 1b) shows the
mean residual proper motions reduced to the same
mean parallax with the aid of star counts, while in
the first (Figure 14) no individual values of the star
counts have been used. The proper motions have
been plotted against the galactic longitude (for details
see below).

The numbers of stars per square degree were derived
from Groningen Publication No. 43. In the low latitude
zones the relation between star counts and mean
parallaxes seems to deviate somewhat from the linear
formula. Therefore, I drew a slightly deflecting curve
through the corresponding dots in the figure in
Oort’s paper and read the values of log p for the
areas in the zone between o° and + 20° latitude from
this curve.

It is clear that the relation only holds for mean
values of log A(m), and real fluctuations in the num-
bers A(m) will occur where the mean parallaxes are
the same. Particularly in the areas at high latitude
almost the whole variation in the star counts must be
accounted for in this way. In the zone 70°—go°
latitude I thus used a fixed mean parallax, corres-
ponding with the mean value of log 4(m) for all areas.

One might object to the application of these mean
parallaxes, derived on the assumption of certain
values for the directions and ratios of the ellipsoidal
axes, to our investigation, where it is aimed to
determine these very constants. Evidence for the as-
sumption is advanced in OoRrt’s paper. Moreover,
only a pronounced relation of the star counts with
galactic longitude could make our results dependent
on the assumed ratios. These ratios were ‘63 for the
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galactic axes, and ‘50 for the z—and the principal
axes. The values found in the present paper agree
with the ratios mentioned. Somewhat doubtful are
those obtained for the third axis, where most un-
certainty arises from the increase of the velocities
of the stars at greater distances from the galactic
plane.

As to the possibility of a variation of the mean
velocity in the direction perpendicular to the galactic
plane with galactic longitude, direct information
might be derived from the s-components in the low
latitude zone. However, these mean residual proper
motion components being very small for these
regions, the results are very uncertain; the spread of
the values of u; for the various intervals of longitude
is very large, and a considerable percentage has even
been found to be imaginary.

If [, and m; denote the cosines of the angles between
u (the average velocity in the direction of increasing
galactic longitude) and the two galactic axes of the
ellipsoid, and if a and & are the values of « in the
directions of these two axes, we have the equation

u12 = (12 112 + b2 mlz.
Relative to an arbitrary system of coordinatesin the
same plane we have
u =2l 4 Bm?* 4+ 2y0m.
EppingTON and HARTLEY 1) have shown that it is
preferable to replace, in such a case as this, these
equations by, respectively:
u=al®+ bm? (1)
and
=AU+ Bm?+2Cl'm (2)
which for the actual ratio of the axes represent the

‘observed values sufficiently accurately, while this

procedure prevents exaggerating the influence of the
large values of u; by squaring. For three zones of
latitude a least squares solution has been made and
from the values 4, B and C the unknowns a, 4 and
the directions of the galactic axes were solved.

In the determination of the ratio of the third to
the principal axis two ways may be followed. In
both we adopt the longitude of the vertex as derived
from the l-components. In the first method values
u; are computed in the same way as ;. Denoting
by ¢ the value of #; in the direction of the galactic
pole, we have:

u = al®+ bm?+ cn? (3)
where I, m, n are now the known direction cosines

of the b-components in a given area, and a and &
the values obtained in the solution of the /-com-

1) Monthly Notices R.A.S. 15, 521 (1915).
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ponents. Thus ¢ can be solved immediately. In the
second method the ratio ps/p;is computed for each area
separately. Denoting this by £, we can write:

al®+ bm?+ cn?

¢ = al? + b my?

and, as the longitudes of the two components differ
o.

9o°:
_ R (my® + BL*) + yn?

: L+ Bm? ’ (4)

where:
3= bla,y = cla, and k* = 1—n>

The value 3 may be derived again from the /-com-
ponents. This method is to be preferred, because
the ratios ¢ are practically independent of the some-
what problematic distance reduction, which only
enters into the correction for the sun’s motion.

The areas in theé Radcliffe Catalogue were divided
into three zones of latitude in each hemisphere: o° to
+ 20° -+ 20° to + 50° and 4 50° to 4+ Qo°,
the corresponding zones in the two hemispheres
being combined. In each area a range in bright-
ness of either 13m™'1—14™'5 or 12™6—14™'0 was
chosen, according to the limiting magnitude m;
being fainter than 14m°5, or between 14'0 and 14°6.
Areas for which m;is brighter than 14'1 were rejected.

The proper motions between these limits were
plotted on squared paper. From OB=HLssoN’s tables
(galactic pole 12"40m, 4 28° (1900)) position angles
of the components were derived. The distributions of
the components were then read off the graphs. Only
proper motions of full weight were used. The alge-
braic average and the mean residual were then com-
puted and the latter multiplied with a factor y/'nj/n—1
in order to take into account the deviation of the
average motion from the true mean. Let us call this
mean residual |u]”, the average error of the proper
motions in the area »; the true mean residual proper
motion component ||’ may then be found by the
equation: 2 2 2

| = |p|" =,
which is inferred from the similar equation for the
mean square motion and the mean error, on the as-
sumption that the ratio between mean square motion
and mean residual motion is the same as that between
mean error and average error. The first ratio was
determined for a number of areas in each zone, the
averages being 1'38, 140 and 1°'40 for the three
zones respectively. In this computation the large
proper motions were already smoothed in the way
described below. As the mean error is 1°48 times the
probable error 7, the values for » used in the equation
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were obtained by multiplying the probable errors
in the Radcliffe Catalogue, Table I, by 1707 and
106 for the zones 0°— 20° and 20°- 9o° respec-
tively.

The values of ||’ thus obtained are to be corrected
for the increase of the dispersion, caused by the
motion of the sun. A similar line of reasoning as
followed in OoRT’s paper has been applied here. If
|#] is the mean residual proper motion component
after this correction, and & the reflected motion of the
sun at the distance of a given star and in the direction
of the observed component, we can write with a
sufficient degree of approximation:

m,z _ mz X mz
(bars denoting average values). If, further, we denote
by V, the velocity of the sun (in astronomical units
per year),

by ¢4 the fraction of this velocity in the direction
of the component,

and by p the parallax of a given star,

we have:
E—

It has been noticed already by Oorrt that the
ratio [p—p|/p is nearly the same for faint stars of
different magnitudes and at different galactic lati-
tudes, viz. *55. As in our case the range in brightness
is somewhat greater, I have computed it once more
for the stars of magnitude 12°5—14'5 from the
distance distributions shown in Table 24 of Oort’s
article for ¢ = -oorr, assuming the number of stars
between 13™'5 and 14™'5 to be 1°5 times the number
between 12m'5 and 13®'5. The resulting value is
‘57 forboth b= 7° and & = 25°. Thus it seemed quite
safe to use the value "56. The formula is then:

ol = Tl — (5604 V)" 5"

In the computation of ¢,for each component I
have adopted 182%™, + 30° for the coordinates of the
apex. The velocity V, originally used was 20 km/sec.
Later on it seemed preferable to choose a somewhat
higher value for the areas at high latitudes (see
below).

In the course of the investigation it appeared that
it would be impossible to obtain reliable results from
the b-components in the zone o°— 20°. Thus, in-
formation about the third axis was only obtained
from the b-compounents in the zone 20° — 50°.
In the zone 70° — 9o°, where the observed com-
ponents are almost parallel to the galactic plane, it
seemed worth while to use more than two components
in each area. Of course, the observed distributions for
the various components in one area are not entirely
independent, but allowance was made for this in
the weights given to these results. In each of the areas

© Astronomical Institutes of The Netherlands ¢ Provided by the NASA Astrophysics Data System
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between 70° and 9o° latitude four components were
chosen: the 4- and /[-components and the two making
angles of 45° with them, denoted by 4 and B. The
lowest latitude for any area in this zone is 72°. As-
suming the ratio of the third to the principal axis
to be as 1 to 2, we find that the maximum difference
between the observed value u; and the value of w
in the direction with the same longitude in any area

‘amounts to less than 4 percent. Thus, it appears

B.A.N. 315.

quite admissible to treat these components as though
they were parallel to the galactic plane.

The large motions were treated in the following
way. The longitudes were grouped in intervals of
30° and the areas for which the components u; pointed
to the same interval grouped together. Within each
interval the components surpassing a certain limit
were added and the sum distributed over the areas
in the group, the share for each area being propor-

TABLE 14a.
area L b m oy M) on | Y e fara] L b | m oo M) n | D) )y
o° to 4 20° ) 4+ 20° to 4+ 50° (continued)

24 | 128° o° | f ‘90 38 68 562 304 21 4 | 107° +32° | f ‘92 4 84 998 766 41
40 | 53 o | b | 46 46 114 | 893 733 55 44 | 8 —32 | £ | 83 30 92 7’51 604 35
87 17 o f ‘IT 3’4 9o 608 486 35 45 | 102 — 32 f ‘91 38 76 1027 857 4’5
19 81 — 1 f 76 37 151 595 3'05 36 16 55 -+ 33 f ‘48 40 70 11'87 1091 6°0
64 | 35 — 1 | b | ‘19 40 226 | 734 594 60 61 19 +34 | £ | 07 45 83 | 1063 948 352
74 | 163 + 1 | f 60 46 134 | 595 204 22 71 | 136 —34 | f | ‘86 32 47 979 800 35
98 | 181 + 1 | f 36 377 279 | 471 2°36 2°6 9o | 46 —34 | f 'gs 39 73 | 1I'75 10°90 57
8 92 — 2 | f 86 44 128 681 435 39 52 | 161 -+ 35 f ‘63 38 8o 10'33 Q'I3 4°9
49 | 145 — 2| | 79 36 94 | 570 363 27 6 | 75 +36 | £ | 72 34 54 |'1070 942 4'4
9 | 106 + 3 | f ‘92 34 68 | 830 704 45 95 | 157 —37 | £ | 68 31 34 | 1100 966 37
18 68 + 6 f ‘65 4't 107 6'56 454 38 113 24 —38 b ‘oI 3'5 5I 965 891 41
23 | 120 — 7 f ‘92 3’1 8o 716 582 42 28 | 143 + 39 f ‘81 3’5 51 778 573 2'9
41 61 — 8 b 57 4’5 140 7'99 6°15 46 36 37 -+ 39 f 21 44 62 13'13 1222 6°3
25 | 133 + 9 f 88 32 73 568 384 26 77 | 184 + 39 b ‘31 33 58 1078 1008 47

37| 47 + o | £ 37 41 130 | 829 696 63 :
50 | 151 + 10 b ‘74 40 115 622 385 30 84 | 357 + 40 b ‘42 4'4 9I 11'97 1081 5°'I
73 | 156 — 11 f ‘68 38 81 763 616 4'1 107 | 334 -+ 40 b 71 3’5 36 863 662 27
97 | 174 —r11 | f 46 43 36 | 719 537 27 12 | 123 +41 | £ | 92 53 9o | 10776 798 377
I11 6 —i11 f 28 42 - 82 6°64 483 34 101 | 208 + 4I b ‘07 48 69 12°96 11°9I 46
48 | 136 — 12 f ‘86 40 51 528 187 11 5 91 + 42 f ‘86 43 45 1036 783 31
65 43 — 12 f ‘31 4°0 145 9'09 7°97 70 70 | 121 — 42 f ‘92 36 34 1065 772 26
88 24 — 12 b '0I 52 143 801 577 45 91 61 —43 b '57 48 49 13'55 12°01 44
2| 8 +13 | b 84 40 49 | 98 840 43 53 | 165 +47 | £ | 58 45 70 | 1123 966 472
10 | 118 + 13 f ‘93 46 63 6°95 413 2°4 60 15 -+ 47 f ‘14 4’5 04 11'73 10°68 47
22 | 111 —13 | £ | 93 40 118 | 573 273 22 68 | 8 —g47 | £ | 77 37 94 | 1484 1377 63
42 70 — 13 f ‘67 40 9o 600 3775 28 69 | 102 —47 b ‘9I 49 50 1473 12°50 4°5
86 10 + 13 f | 22 38 126 760 649 34 15 61 + 48 b '57 48 359 14°'15 12770 47
75 | 170 +14 | f '5sT 33 146 | 486 300 2°5 94 | 144 —48 | f | 8o 277 52 | 1083 937 38
109 | 353 + 14 | b | 47 3'3 63 | 713 601 35 35| 37 +49 | £ | 21 41 89 | 13779 13706 58
99 | 188 + 13 f 25 3'0 152 564 459 42 114 38 —49 f 23 32 87 15°82 1541 7°1

20 | 8 —17 | £ | '8 32 93 | 785 649 46
21 99 —17 | b 89 37 78 | 771 574 36 + 50°to 4 70° -
3 | 102 +18 | f 91 40 77 | 845 654 43

26 138 -+ 18 f 85 4’2 I0I 706 4'66 33 29 142 +50 f "82 3’0 47 10°17 8‘42 3'4
17 59 +19 | b ‘54 4’5 65 | 1040 896 52 | 106 | 320 + 51 f | ‘84 28 57 | 1065 900 36
+ 20° to + 50° 102 | 222 + 52 b ‘29 4'0 50 13726 12°46 4'9
13 | 110 +53 | £ | 93 32 37 | 1365 1208 49
7 76 +20 | T 74 46 115 | 12'05 10°57 5°9 83 | 347 + 53 f | 's5 34 60 | 1051 987 40
66 53 —=2r1 b 46 51 131 | 1020 848 53 78 | 193 + 54 f ‘17 38 53 11°85 II°11 4°5
51 | 156 422 | f 69 42 99 7'37 532 35 14 8o +57 | £ | 77 550 62 | 1637 1484 60
62 24 + 23 f 01 4'2 116 | 1091 994 7°3 93 | 124 —358 £ | o1 29 48 | 11’57 983 40
89 | 33 —=23 | f | 16 34 101 | 974 903 59 | 115 | 59 —358 | f | ‘54 3'3 70 | 1643 1575 64
72 | 146 —24 | £ | 78 36 39 | 12'36 1072 40 34 | 42 +359 | b | 29 51 37 | 13'95 1272 4'5
96 | 166 —25 | f 57 33 78 | 894 790 46 50 | 12 +59 | f | ‘19 48 34 | 16'50 1565 63
112 I5 —25 b ‘14 3'7 115 867 772 47 30 | 137 + 60 f ‘85 51 50 | 1278 10730 3'8
1 | 123 +27 | f '92 46 9o 819 525 279 54 | 168 4+ 60 | b | ‘54 3'9 31 | 1339 1221 42
76 | 177 + 27 f ‘42 4’1 10§ 920 798 50 103 | 245 -+ 60 f ‘61 26 48 14°47 13°59 5°0
85 4 +27 b 31 28 71 817 746 39 105 | 297 + 6o f ‘93 50 57 1064 7718 27
1 91 + 28 f ‘86 42 30 9’17 6'09 24 92 95 —62 b 88 49 42 1479 12°49 4°3
37 39 + 28 b ‘25 32 103 974 907 5’1 104 | 269 -+ 63 b ‘84 55 57 1777 15776 54
67 65 — 28 f ‘61 4’5 128 | 10776 939 62 82 | 334 -+ 65 b w1 39 31 13°63 12°07 41
100 | 196 + 28 f ‘12 31 122 630 534 34 33 55 4+ 67 f | 48 40 24 | 1658 1576 5°9
108 | 343 +28 | f ‘60 26 60 | 907 824 45 79 | 210 +67 | f | ‘11 209 52 | 1065 1017 3°8
27 | 141 + 29 f 83 35 89 726 420 24 31 | 122 + 68 £ ‘92 39 44 1203 10'84 4°0

1) unit “*oor per annum.
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Relation between the values of , (ordinates) and the galactic longitude towards which they are directed (abscissae) for different

zones of galactic latitude. u; is the quotient of the mean residual proper motion component parallel to the galactic plane, and

the mean parallax of the stars in the area, p. Values of p based on star counts have been used in the computation of the

points in Figures 15, 2, and 3; for those in Figure 1a  depends only on the brightness and the galactic latitude of the area

concerned. In Figure 2 points from areas at negative latitudes have been underlined. In Figures 1a and 15 the points have been
: distinguished roughly according to the numbers of stars n on which the values of u; are based.

tional to the number of stars in it. In this way the
large motions are prevented from influencing too
greatly the results for the single areas, whereas only
a few very great ones need to be excluded and the
preference of the large motions for certain directions
is taken into account. No distinction between the
two ranges of brightness was made, and areas at
negative and positive latitudes in the corresponding
zones were combined.

In the zone — 20° to + 20° all components ex-
ceeding "-040 were treated in the way described; the
largest component occurring was “*078.

In the zone 4+ 20° to 4 50° the areas between
4+ 20° and + 30° 4 30° and 4 40°, and + 40° and
4 50° were treated separately. The limit was chosen
at "o50 in each of them for both the /- and 4-com-
ponents. As far as the [-components are concerned,
components larger than this value were smoothed
except 7, exceeding “‘140. These are "198 (7),

© Astronomical Institutes of The Netherlands

149 (71), "181 (28), 189 (70), ""374 (70), ""223
(70), and “'193 (69); the numbers between paren-
theses indicate the areas. Of the s-components the
following 7 were excluded: "*120 (62), "*203 (96), ""138
(28), 208 (52), 147 (53), "'143 (91) and "240 (107).

The zones + 50°to + 70° and + 70° to + go° lati-
tude were also treated separately; the limit adopted was
"060. No components were excluded in the first zone,
the largest being ""150. In the zone 70° to go°, where
each area contains four components, one large mo-
tion, with components "*096, "*305, "'149 and "'205
was excluded; no other components larger than
"104 occurred.

Table 1a shows the results for the /-components in
the areas between 0° and + 70° latitude. The co-
lumns contain: the number of the area, its galactic co-
ordinates, the range in brightness, m, where b and
f mean respectively 12m'6—14™'0 and 13™1—14™'5,
the cosine of the angle between this component and the

Provided by the NASA Astrophysics Data System
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TABLE 1b. TABLE 2.
area | [ b c L ley ™Mon| [ZH Jub) u area 4 T | T u ¢
32 | 84° +729 [ 174°°81 33 37| 1397 12'51 46 + 207 t0 £ 30
4 218 |79 1141 963 33 7 ‘15 845 685 38 65
b 26434 832 723 26 66 63 7°05 374 24 "46
B 310|°34 c12°51 11°81 43 5I ‘57 580 2°92 1'9 ‘58
58 | 11 +7%72| [ 101|'20 37 42| 1260 11'QI 44 62 ‘02 670 496 36 ‘50
A 145]°38 1267 1181 43 89 70 578 3°61 2'4 42
b 191 |74 12'80 1135 4°I 72 ‘14 807 7°05 2°'6 66
B 237167 11’50 995 36 96 ‘03 548 422 2'4 ‘53
55 | 168 + 74| I 258 |°'54 35 44| 1136 1018 37 12 73 685 471 2’9 63
4 302 |21 1509 14'57 53 11 "40 582 252 1’4 ‘50
b 348 |82 1374 1217 44 76 “70 709 486 30 63
B 34|96 1126 871 32 85 ‘06 900 848 4'4 1'14
81 |zo1 + 75| I 31192 26 55| 13°51 1186 4°3 1 ‘16 860 7°25 28 1'19
4 75|64 1041 9’16 33 37 ‘09 7'24 638 36 70
b 12102 12772 12°41 4§ 67 66 815 675 4's 73
B 167 |65 17'33 1660 6°'1 100 77 7°06 5°40 3'4 1'04
80 1243 +76| I 333|'59 2'5 43| 15'00 1427 52 108 ‘00 900 855 47 1'04
4 17|97 14'31 1263 46 27 ‘52 687 5°30 30 128
b 63|79 12’12 1070 3°9 R R
6 o Il? 109 | ‘13 13'86 1357 50 £ 30°to + 40
56 | 165 + 8o 255 (°58 42 46| 11'81 1028 37 2 81 6 . -8
A 300|°15 13'40 12°59 46 4_1 'Sg 6'6Z 5%’ g‘;’ '83
b 345|"77 14771 1312 48 45 41 718 559 29 66
, B 30|96 1145 864 31 16 ‘12 961 862 7 9
57 | 22 + 84| I 112|'03 37 50| 1218 11'54 42 61 21 852 6°96 38 74
A4 157 |60 1463 1358 50 71 I 732 645 29 81
b 20282 11'88 994 36 90 8 781 5'33 28 ‘52
B 24765 1049 882 32 52 69 926 762 &1 85
. . . f 6 ‘04 820 7°36 34 78
direction of the sun’s motion, ¢4, the probable error o 95 ‘08 10°50 9'95 38 103
the proper motions, 7, the number of stars between the 13 :8g g:“:g g:gg gg 1:22
chosen limits of magnitude, n, the mean residual 36 -gg 1092 975 50 ‘8o
proper motion component, [u,|”, the same corrected 77 84 8'52 6°11 2’9 65
for accidental error and solar motion, |u;, and u, + 40°t0 + 50°
obtained b}f dividing the lattel.‘ by the mean parallax, 84 25 11°04 988 47 ‘92
computed in the way described above. Table 15 107 ‘IT 12°94 12°38 49 187
shows the data for the areas between 70° and 12 38 13°20 1174 55 148
0 1ol 101 89 9'54 497 19 51
9o° latitude, where four components were chosen 5 ‘04 902 775 31 ‘99
in each area, denoted by [/, 4, 5, B (see the 4th 70 ‘19 12%5 11:63 40 I'5I
column). The first three and the last six columns are g; ;g o 4; 12'36 z; 7
analogous to those in Table 1a. Under / the longitude 60 ‘42 10'34 876 38 ‘83
of the direction is given for each component. The 68 62 972 8-06 37 60
. . . . 69 ‘39 12°12 10°53 38 -85
longitude towards which the l-component points is 15 29 '8 971 36 7
obtained by adding 9go° to the longitude of the area. 94 ‘10 10'89 10°47 42 1’16
For the A-and B-components the values /. correspond 35 44 10°66 9135 41 73
- 114 92 10°52 8:28 38 57

to the position angles obtained by adding 45° and
135° to the position angle of the /-component. The
values u; are represented in Figures 14, 2 and 3.
Ordinates are u;, abscissae the galactic longitudes
towards which the components are directed; in the
zone 50°— 9o°, 180° has been added to values of
[ lying outside the interval go° to 270° longitude.
Figure 1a shows values of u; computed with thé mean
parallaxes corresponding to the latitudes and bright-
ness concerned, but not corrected with the aid of
star counts. The spread of the dots seems larger in
the upper diagram, and the use of the star counts
in the computation of the mean parallaxes appears

1) unit “oor per annum.

to be justified. The only disadvantage is the possibility
that, for certain longitudes, systematic deviations of
the star numbers from the numbers fitting the
relation with p might occur; such may be the cause
of the large values of the #/s pointing to about 130°
longitude in the zone 0°—20°, the mean parallaxes
in the areas near 40° longitude and at low latitudes
presumably being larger than should be expected from
the great surface density in these regions. In general,
the mutual agreement of the points in this zone is far
fromssatisfactory, though it could hardly be expected to
be better, in view of the small proper motions at low
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latitudes, and the consequently large influence of the
corrections applied.

In the zone 20°—50° the spread of the numbers 7
is less than in the former zone, and, consequently,
there is less difference between the values p computed
in the two ways. The data from the three zones
20°—30°, 30°—40°, and 40°—50° are in good agree-
ment, as may be seen from the diagram, and the
variation with galactic longitude comes out satis-
factorily. The same holds for the zone 50°—go°. In the
zones o°— 50° the abscissae reflect immediately
the distribution of the longitudes of the areas. In the
zone 50°—go°, where the directions of the areas do
not diverge so much, this discrimination is of no
importance, so the points from areas at widely
different longitudes are mixed in the diagram.

Up to the present the areas at positive and negative
latitudes have been treated together. In the in-
vestigation by vAN DE Kamp and Vyssorsky the
mean parallaxes for the southern latitudes come out
considerably smaller than for the northern ones. Con-
sequently one should expect the values u; obtained.
from southern areas to be smaller than those from
the northern areas, provided the real mean linear
velocity is the same for stars of the same brightness.
No trace of this effect appears in Figure 2, where
dots from southern areas have been underlined.

LEIDEN 311

For each of the three zones a least squares solution
has been made in the way described above. Within
each zone relative weights were assigned, according
to the numbers 7, but not proportional to them, the
spread in the values u being in large part due to
erroneous corrections and reduction for mean paral-
lax. Therefore, relative weights were chosen roughly
proportional to the square root of the numbers n.
It has already been mentioned that the four compo-
nentsin an area in the zone 70°—go° cannot be con-
sidered as independent. As in the areas between 50°
and 70° only one component was used per area,
the weight per area in the first mentioned zone will
lie between two and four times the weight in the
latter. The numbers of stars being almost the same
per area in the two zones, I adopted the ratio 1 : 3
and so attached to each component in the zone
70°—go° a weight 3/4. v

Table 3 shows the results. [y is the longitude of the
vertex, a and b are the same as in formula (1).

Considering the size of their mean errors the values
of Iy agree satisfactorily. The weighted mean:

32277 £ 3°4 (m.e.)

can be considered as representative for the three
zones. This value deviates considerably from those
found by Knox-SHAwW and ScoTT BARRETT from the

TABLE 3.

0° to 4+ 20°

4 20° to + 50°

=+ 50° to 4+ go°

V, = 20 V, = 20 V, = 23 "V, =20 V, =25
a 5’10 4-'40 (m.e.) | 5°55 4 ‘41 (m.e.)| 551+ ‘41 (m.e.)| 524 + 26 (m.e.)| 517+ 26 (m.e.)
b 258+43 319438, | 303k 36, | 3srE27 | 325E25
bla ‘51 4+ 06, ‘58 + 08 ‘55 408 ,, 67 + 06, 63 + 06,

ly | 320°24-6°0(m.e.)

same material. As the mean errors of both results
are small compared to the difference, it is very pro-
bable that it is not accidental. In connection with
this it may be stated that the result obtained in the
present work satisfies somewhat better the identity of
the directions of the vertex and the galactic centre
as predicted by simple dynamical considerations.
The values b/a in the table show an increase for
the higher latitudes. But the mean errors are rather
large, so that one might doubt if this increase can
be considered as real. Moreover, part of it may be
due to the fact that in the higher latitudes the solar
motion is probably larger than 20 km/sec, so that
the corrections for solar motion should be increased.
An estimate of the sun’s velocity at different
latitudes for faint stars has been made by Oort in

318°8 & 6°2 (m.e.)

32777 & 575 (m.e.)
B.A.N.No. 298. Referring to this I have estimated suf-
ficiently accurate corrections to the values of a and
b, assuming V, to be 23 km/sec and 25 km/sec, res-
pectively, for the zones 20°—50° and 50°—go0°. The
results are in Table 3, in the fourth and sixth columns.
It will be observed that the values b/a have been
somewhat reduced.

An increase of the ratios for high latitudes would
also occur if too large values had been used for the
probable errors of the proper motions; but OorT and
vaN Hoor 1) have accurately confirmed the publish-
ed probable errors by a study of B- and A4- stars.

The weighted mean value of 4/a in the first com-
putation is:

1) B.A.N. Nos 290 and 289.
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;61 + ‘o4 (m.e.),
and 1in the case of increasing V,:
RPN 58 :t 04 (me)

The data used in the computation of the third
axis are shown in Table 2. The first three columns
indicate: the humber of the area, the fraction ¢4 for
the component in the direction of ascending latitude,
and the uncorrected mean residual proper motion
components. The latter were corrected for accidental
error and the sun’s motion, which, in the three zones
20°—130°, 30°—40° and 40°—50°, was assumed to be
22, 23 and 24 km/sec respectively. These data and the
resulting values u; are in the next columns. The last
columns show the ratio £ of the b- and /-components
for the same value V,. A least squares solution for
the third axis was made for each of the three zones
of 10° width, using formula (3). The same weights
were used as in the case of the /[-components. The
values of ¢ and 4 given in the fourth column of Table 3
were substituted; the longitude of the vertex was
adopted at 323°. The results are in the first line of
Table 4. The second line shows the results obtained
in the solution from the ratios ¢. As in the determin-

LEIDEN

B. A.N. 315.

ation of ¢ the accuracy depends mainly upon the
numbers n, weights were assigned equal to ».

For each of the zones the results in the two lines
agree satisfactorily. The smaller mean errors in the
second solution confirm the suspected better re-

TABLE 4, ¢/a.

| +£20°to +30°| +30° to +40° | +-40° to +-50°
First solution |'514-07 (m.e.) |57+ 07 (m.e.)| 63408 (m.e.)
(from u;)
Second solution|'47406  ,, 49:{: ‘05 5, [62+07 .,
(from &)

liability of the second method whlch is independent
of the mean parallaxes. However, the increase of the
values ¢/a towards higher latitudes, shown in both,
makes it doubtful if the b-components in a high
latitude zone, which point in directions between 40°
and 50° from the galactic pole, can yield reliable in-
formation about the third axis. The rapidly in-
creasing number of large motions may be the origin
of the observed effect.

I am much indebted to Professor OORT for his
kind guidance and advice, given during this work.
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