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PROPER MOTIONS, MEAN PARALLAXES AND SPACE
VELOCITIES OF RR LYRAE VARIABLES

G. VAN HERK

Received 13 May 1965

New proper motion data on RR Lyrae variables are presented
in this paper; they are used in a rediscussion of the proper mo-
tions, using all the available material. The new data have been
derived partly from the results of the Mount Wilson programme
started by A. van Maanen, and partly from a comparison of
positions obtained from plates of the Leiden photographic re-
fractor with those in the Carte du Ciel Catalogue; some hitherto
unpublished motions determined by S. A. Mitchell are also given.
The Mount Wilson and the Leander McCormick proper motions
belong to the most accurate motions ever published. A list is
given containing data on the RR Lyrae variables used in deter-
mining the mean parallaxes (table 7). This list should be complete
to about 1963. Some of the magnitudes used are published photo-
electric measurements, others are obtained from unpublished
observations by G. E. Kron; systematic corrections have been
applied to magnitudes taken from the General Catalogue of
Variable Stars. For stars observed photo-electrically, the absorp-
tion was derived from the colours, for the others it has been
computed according to the model 0™. 19 cosec b [1 —exp (—0.01
r sin b)]. The value obtained for (B— V), is 0™. 19. For the dis-

1. The material

After the first Groningen conference on co-ordina-
tion of galactic research in 1953, I offered to determine
the proper motions of some brighter RR Lyrae varia-
bles. The necessary plates were made available through
the kindness of the director and staff of the Mount
Wilson Observatory. The programme had been started
by A. van Maanen many years earlier, and at the time
of his death, in 1946, the major part had been complet-
ed. The Mount Wilson staff and especially Mr. W. C.
Miller, kindly completed the programme with a num-
ber of new plates in subsequent years, as for some stars
the original interval in time was only about 10 years.
All plates were taken at the Cassegrain focus of the
60-inch telescope, for which the average scale, 1 mm =
8”.227, was adopted throughout the work.

Meanwhile Mr. G. Pels and the author had also
begun to observe a number of RR Lyrae variables,
some of which were not on Van Maanen’s programme.

cussion of the parallaxes the material was subdivided first ac-
cording to period alone, then according to Preston’s 4.5 alone,
and finally in a joint classification according to both period and
AS. The parallaxes were computed in three practically indepen-
dent ways: from the parallactic motions and from the peculiar
motions in 7 and in v. The influence of the ellipsoidal character
of the velocity distribution has been taken into account. The
group with P << 0% 1 evidently differs considerably from the
others. The results for each individual group are given (table 11),
but it seemed legitimate to combine all results (except for
P < 0% 1) into one general mean. Thus the parallax for stars
reduced to mye = 11.0 was found to be 07.000974-07.00010
(m.e.), corresponding to a median photographic absolute magni-
tude M, = +0™. 87+£0™. 22 (m.e.), or M, = +0™. 68 (using
the mean colour given above). Space motions are given for the
case that M, = +0™.9 and M, = +0™.5 (table 7). The
dispersions in II, ® and Z and their mean values are listed in
table 12; these were computed for Mpg = 4 0™.9, and for the
individual group results for M. A list of previous results for

Mpg and the mean parallaxes is given in section 17.

They used the Leiden 13-inch refractor (1 mm = 40”)
and intended to derive proper motions through a
comparison with the positions given in the Carte du
Ciel Catalogues. The Leiden plates were all taken with a
grating in front of the objective. We had, therefore,two
different types of material on hand to be discussed,
denoted by A when we had Mount Wilson plates ex-
clusively, or B when we used the combination Carte du
Ciel — Leiden.

At the Mount Wilson Observatory, Drs. R. E. Wil-
son and A. van Maanen had already derived proper
motions for 23 variables. These results were kindly
put at our disposal by Dr. I. S. Bowen. In addition, we
had at our disposal, through the courtesy of Dr. S. A.
Mitchell, the results for 20 stars from observations at
the Leander McCormick Observatory.

Since the work was done as a part-time job for many
years, the progress was very slow and in the mean time
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72 G. VAN HERK

TABLE 1

Observational data for material A and B

Star Dy Ref.st. AT <m> np 1, Ref. <AT> Star oy Ref.st. AT <m> n; ng Ref. <AT>
P e u e max., 7ref, | p e st. P e u e max. vref. |p e st.
¥ 7. ¥
SW And y 2 4 2 28.5 53.8 RR Gem | 4 5 35 0 1371 15,012 4 2 21,0 55.0
XX 4 7 29 0 16.0 14.8|2 3 2 22.5 27.5 Sz 6 9 23 0 23.9 13.9 |2 4 2 18.5 61.9
cc 2 4 2 24.5 62.9
TW Her 2 2 1 23,0 53.9
SW Aqr |5 9 33 1 22.9 14.4 13 5 2 12,7 59.6 VX 2 4 2 14.0 57.3
SX 5 8 28 O 23.8 14.8| 2 4 2 20.0 46.4 vz 3 4 2 12,7 22.8
BS 2 4 2 9.5 55.5 AF 6 10 25 1 23.8 12.0
cY 2 4 2 13.5 46.8 AG 5 8 23 O 23,8 14.9|1 2 1 15.0 63.7
.. AR 6 8 25 3 20,0 14.9]12 4 2 18.5 51.8
AA Aql 3 6 2 14.0 61.9 CE 6 8 33 1 23,1 13,92 4 2 21.5 56.4
DY 1 2 1 16.0 48.9
I Ari |4 5 19 1 24.2 12.7] 4 8 15.5 52.3
RV 2 4 13.5 59.4 VX Hya 1 2 1 17.0 36.0
RS Boo | 2 4 20 2 29.8 14.1|3 6 2 7.7 60.9 RR Leo 2 3 2 12.5 49.5
RU 6 9 25 1 26.9 15.2 RV 5 9 27 1 24,1 12,7
ST 2 4 2 14.5 23.0 RX 1 2 1 16.0 58.0
SV 4 6 25 0 11.2 15.3|1 2 1 13,0 58.9 Ss 8 12 20 O 22.1 14.8]2 4 2 16.0 53.0
SW 5 T 21 0 4.0 14.1] 2 4 1 15.0 21.5
52 3 6 3 10.7 53.6 V ILMi| 5 6 19 4 20.8 14.5[2 4 2 15.5 52,0
YZ 2 4 2 14.5 21.6 X 2 4 2 15,5 43.5
RW Cnc 2 4 2 12.5 54.0 || EH Libd 2 4 2 18.0 59.5
8S 2 4 1 13,0 62.1
vVZ 2 4 2 19.0 41.4 RR Lyr 1 2 1 45.0 60.8
RZ 2 4 2 24.5 21.2
RU CVn | 4 7 20 O 24.9 15.212 4 2 14.0 37.9 Ux 5 8 41 0 23.8 15,1
RV Cap 2 4 2 13.0 50.8 ST Oph | 6 11 25 1 26.9 14.3{2 4 2 11,5 56.5
V567 2 & 2 .0 46.9
RZ Cep 1 2 1 29.0 61.0
BP Peg’ 5 5 2 22.4 63.2
RR Cet | 4 7 20 O 21,1 14,112 4 2 13,0 55.0 DY 2 4 2 15.0 58.9
S Com | 4 6 21 2 20.8 15.3|2 4 2 16.0 57.5 TU Per | 4 5 29 O 16.0 14.0
Y 5 8 15 0 22.0 14.4
v 5 7 18 0 22,9 15.0( 2 4 1 10.0 53.5 RU Psc | 5 9 23 0 17.2 14.6| 2 4 2 15,0 60.3
RT 4 5 14 1 18.9 15.4
RV 3 6 19 0 18.9 15.4 CW Ser 3 5 3 17.3 42.0
RV Crb 2 4 2 21.0 56.9 SS Tau| 5 7 23 0 13.6 1 2 1 14.0 59.8
AH 2 4 2 44.0 59.8
UY Cyg 2 4 2 37.0 55.0
XX 7 11 26 O 24.8 14.3(3 4 1 21.0 52,0 U Tri| 5 8 30 0 21,0 14.9]4 5 1 14.8 59.6
XZ 4 6 2 33,8 51.4
RV UMa 4 7 3 16.2 48.4
RW Dra 2 1 18.0 50.9 SX 5 7 21 1 14.41 3 6 3 11.0 43.3
SU 8 14 18 0 32,2 14.6| 3 5 20 19.0 60.0
SW 2 4 2 15.5 59.1 ST vir | 3 4 29 1 19.9 14.6| 2 4 2 12,5 62.9

other material became available, viz. the data obtained
through a repetition of the Carte du Ciel at various
other observatories. This was first made available to
us through the kindness of Dr. L. Plaut. Part of these
data have now been published. All results known to us
by the middle of 1962 have been used in the final dis-
cussion.

Table 1 gives the more important observational data
for material A and B. For A the columns give, respec-
tively, the number of plates, the number of exposures
measured, the number of reference stars used, the num-
ber of reference stars which had been measured but were
excluded because their relative annual motions turned

out to exceed 0”.050, the difference in epoch between
the earliest and latest plate, and the mean photographic
magnitude of the reference stars.

For material B the columns contain: number of
Leiden plates and exposures, number of Carte du Ciel
exposures, the average number of reference stars, and
the average difference in epoch.

From this table the inhomogeneity of the material,
especially for B, is evident. There also exist large
differences in quality among the plates of A. Therefore
we must expect large differences in accuracy for the
individual proper motions.

Dr. C. H. Hoffmeister kindly helped with the iden-
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tification of UX Lyr, as an error in the original des-
cription made the location of this star uncertain.

2. The measurements of the coordinates and their
accuracy

All A plates were measured on the Gaertner-type
measuring machine of the Leiden Observatory. The B
plates, as well as some Oxford Carte du Ciel plates
which were kindly loaned to us by the director of the
Oxford Observatory, were measured mainly on the
new Zeiss comparator. The usual precautions were ta-
ken in these procedures. The plates were measured in
two directions. The Gaertner machine carries two
measuring wires, and both were used throughout. The
computed distance of the two measuring wires yielded
a mean error for a complete measurement of one star
position varying from 4 1.0 um to 4 1.8 um, depend-
ing on the quality of the plates. Ten plates (of SS
Tau and SX UMa) were remeasured by Mr. J. Smit.
The motions found by him were averaged with my
own results, as there were no systematic differences.

3. The reduction of the A material

The Mount Wilson plates were taken at rather differ-
ent epochs and it was obvious that the best results
could be derived from one solution which made use of
all plates instead of trying to find suitable pairs of
plates.

The variables, which were always near the centre of
the plate, were taken as the origin. The mean positions
for all reference stars and the residuals with respect
to these means were formed for each exposure. Trans-
formation formulae with quadratic terms in the coor-
dinates were used. The computations were carried out
twice. After the first computations the stars which
showed annual proper motions greater than 0”.050
were rejected. The first computations were carried out
by the computing section of the Mathematical Centre
in Amsterdam, for which we want to thank Professor
A. van Wijngaarden and his staff. The second time the
computing centre of the Mathematical Institute of the
University of Groningen kindly performed this work.
The limit of 0”.050 is, of course, arbitrary, but has
been used in other instances. In the reduction to ab-
solute motions this rejection has been taken into ac-
count by the procedure developed by OorT (1936).

The average mean error of one proper motion was

found to be + 0”.0016 and 4+ 0”.0018 for « and J, res-
pectively. For the plates measured and reduced at
Mount Wilson these figures are 4 07.0022 and -+
0”.0023, respectively. These mean errors apply to
motions relative to the average of the comparison
stars. In order to find the mean error of the absolute
motions of the RR Lyrae stars we have to take into
account the error caused by the random motions of the
comparison stars. If the average random motion in one
coordinate is g, the mean error arising from this cause
will be 1.25 p/\/n, with n the number of referencestars
used. The average proper motion was taken from BIN-
NENDUK’s (1943) table 4. Table 3 lists the individual
mean errors, increased by these “cosmical errors”. For
the material reduced by Drs. Wilson and Van Maanen,
the average photographic magnitude for the reference
stars was estimated at 13.0 and » was taken as 8.

In the comparison of the proper motions from differ-
ent sources these increased mean errors were used. The
relative motions were transformed to absolute ones by
applying the parallactic motion (BINNENDDK, 1943) and
the differential galactic rotation. Throughout this
article we have taken A to be 415 and B equal to —10
km.sec™.kpc™! (I. A. U. Information Bull. No. 11 11).
These corrections were also applied to the proper
motions derived at Mount Wilson, as every indication
pointed to the conclusion that the motions given were
differential ones. In this latter case no corrections for
rejection of stars were applied, as we believe that no
stars had been rejected.

In order to correct the differential motions to abso-
lute values, we need the magnitudes of the reference
stars on the Mount Wilson plates measured in Leiden.
The material did not fulfill the requirements for a
rigorous determination of the magnitudes. When
available we used the Leiden plates to derive rough
magnitudes for as many stars as possible, which were
then used as reference stars on the A plates. By this
detour, magnitudes for all stars on the A plates could
be found. When no Leiden plates were available the
BD magnitudes of stars on the Mount Wilson plates
were reduced to HD magnitude and were used for
scale and zero-point. It is clear that this procedure
does not yield good photometric results, but it may
suffice for finding the mean magnitude of the compari-
son stars, with an uncertainty of, perhaps, about 4-0.25
magnitude. Though a rotating sector had been used
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to reduce the brightness of the variable stars to that
of the comparison stars, there are sometimes consider-
able deviations between the reduced magnitude of the
variable and the magnitudes of the comparison stars,
in some cases up to 4 magnitudes. This is partly due
to the fact that, in order to increase the number of
comparison stars, their average brightness has generally
been fainter than what may have originally been in-
tended. It is evident from this that magnitude errors
may have played a part in reducing the accuracy of the
proper motions derived from these plates. The mag-
nitudes were determined with the Iris photometer at
Leiden, mainly by Mr. M. Flohr.

4. The reduction of the B material

Material B consists of positions published in the
Carte du Ciel Catalogues and new positions derived
from Leiden plates. If there were two exposures on the
latter plates, the two positions were averaged. In a few
instances more than one Leiden plate was taken, which
could each be combined with the same Carte du Ciel
positions. In these cases two solutions were made, to
get some insight into the part which the Leiden posi-
tions contributed to the final error. Because the Carte
du Ciel plates overlap, there is nearly always the possi-
bility to get two or sometimes even three solutions.
These are partly correlated, as a fraction of the refer-
ence stars is common to the various plates.

The reference stars were chosen amongst those for
which an absolute proper motion was known, or
could be computed from existing meridian-circle
material. We are grateful for the help we received
from Professors J. Dick in Berlin and J. Haas in Bonn,
who kindly sent us material from Geschichte des
Fixsternhimmels in advance of publication. The very
brightest stars were omitted.

The proper motions of the reference stars were de-
rived originally in the GC system ; they were reduced to
the FK3 system with the aid of the tables given by
Braauw and DELHAYE (1949). The proper motions
were applied to reduce the positions on the Leiden
plates to the Carte du Ciel positions. In the reduction
of the new set of coordinates to the old set second-
order terms in the coordinates were included. The
coefficients of the quadratic terms exceeded 2.5 times
their own mean errors in only 4 per cent of the cases.
For the remaining 96 per cent of the material a solu-

tion was used with only linear terms in the coordinates.
No terms depending on the magnitudes of the stars
were included. In combining the results derived from
the different pairs of plates weights of the form
AT .f(d)./ n were assigned. The weights depend on the
interval AT between the old and new plates, on the
number of comparison stars », and on some function
of the distance d of the variable star from the centre of
the Carte du Ciel plate. The expression adopted for
the relation f(d) was of the form p+qd 2+rd™*;p,q
and r being chosen such that at 8 cm from the centre
the weight was still 0.8 times that at the centre while
beyond this distance it dropped rapidly to 0.05 atd =
12.5 cm. That the weights estimated in this way are
correlated with the actual mean errors may be illus-
trated as follows. The absolute values of the residuals
in the proper motions u, and u; were computed from
the average proper motion minus the individual value
in the case of two or more pairs of plates. One expects
the highest absolute residuals to occur with those cases
where all individual plate pairs have low weight. If
this happens one feels confident that the poor results
are a consequence of known circumstances: too few
reference stars, too short an interval in time, or the
variable too far from the centre of the plate. Of the
total of 274 residuals 54, or 20 per cent, were higher
than 0”.010. Taking only the stars with an average
weight of less than 1.0 for each pair of plates, we have
a total of 44 residuals, of which 25, or 57 per cent, are
higher than 0”.010. The motions in this group of low
weight are clearly less accurate.

1t is difficult to obtain a good insight into the errors
introduced by the inaccuracy of the proper motions
of the comparison stars, and to estimate the relative
importance of these errors as compared to the errors
of the measured positions on the Carte du Ciel and
Leiden plates. An attempt to get some information on
this was made by dividing the material into three
groups in the following manner.

a) Two Leiden plates combined with two Carte
du Ciel positions, with the number of reference
stars in common less than 35 per cent of the total
number.

b) Two Leiden plates combined with two Carte du
Ciel positions, the number of reference stars common
to the two pairs being between 35 and 70 per cent of
the total.
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‘ TABLE 2
Weights and mean errors for proper motions of material B
Group {wy m.e. m.e. per n AT m
unit weight <w) cent
My Hs (3 U
(07.0001) (0”7.0001) (years)
a 1.4 +112 4145 + 96 +124 20 17.2 48 22
b 1.7 180 125 140 97 50 17.1 53 27
c 1.7 89 59 68 45 87 16.5 54 17
. . . 2
¢) Two Leiden plates combined with the same Carte 2 1 2e2) + (n— p)82 W
du Ciel position; in this group an average of 87 per ’ AT m p2 P2

cent of the reference stars were in common.

Table 2 gives for each group the average weight for
one pair of plates, the mean errors for unit weight for
. and p;, the mean error for the average weight for
one pair of plates, the average percentage of stars in
common on the pairs of plates, the average number n
of reference stars, the average interval in years, and
the number m of motions on which the preceding
figures are based.

These mean errors were obtained from the differ-
ences between the proper motions derived from the
two pairs of plates. These differences should be smaller
for the groups where the number of reference stars in
common between the two pairs is larger. They should
therefore be smaller for group b than for group a and
still smaller for group c. In the latter the differences
are still further decreased by the fact that the same
Carte du Ciel positions were used in the two pairs.
The table shows no appreciable difference between a
and b, but a decided decrease for group c. In the follow-
ing an average value of 4 140 was adopted for the
mean error of unit weight, in accordance with the mean
results for groups a and b. For these groups the in-
fluence of the common use of part of the reference
stars was neglected in its effect upon the mean error.
In the case of group ¢ the decrease in mean error was
not taken proportional to the root of the weights. Only
the improvement due to the fact that more than one
plate was taken at Leiden was taken into account.
For unit weight this effect caused on the average a
decrease of the square of the mean error by only
4% 107 °. This is based on a formal (and as explained
above, incomplete) representation of the mean error
of a proper motion by

i
where n is the number of reference stars used, p the

number of stars in common in two determinations, &,
the mean error for the measurement of a position and
&,m the mean error for an adopted proper motion of a
reference star.

The final proper motions derived from the various
sources, and their mean errors are given in table 3.

5. Results from other sources

Proper motions of the following sources have been
used in combination with the Mount Wilson and Lei-
den results.

a) Leander McCormick proper motions, derived
by the late Dr. S. A. Mitchell. The average internal
mean error for one motion was given as -+ 07.0033,
the average photovisual magnitude of the reference
stars was 10.5, and the average number of these stars
was 14.7 (highest number 20, lowest 8). The relative
motions have been corrected for parallactic motion and
for differential galactic rotation in the same way as was
done for the Mount Wilson motions. The individual
mean errors have been increased to allow for the effect
of the average random motion of the reference stars.

b) Moscow proper motions, derived by PAVLOVS-
KAYA (1953a) who gave full details of the material and
methods of reduction used. The mean errors were in-
creased to allow for the random motions of the re-
ference stars, the average number of which was ten.
The Moscow and Leiden motions are not entirely inde-
pendent, as the same Carte du Ciel positions were used
in both. However, from the description of the methods
used, it is clear that practically no reference stars
will have been used in common. Mrs. Pavlovskaya
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TABLE 3
The annual proper motions rounded off to three decimals in the unit of 0”.001, together with the mean errors
pg Mmee. Mg mee. By m.e. u m.e. By m.e. B m.e.
(owoo1) (ovo01) (ovo001) (ovoo1) (owoo1) (ovoo1)
SW And RV Ari Z CVn
MtW - 2 4 - 19 4 Lei - 4 8 - 18 8 Mosc - 2 6 - 24 6
LMcC + 8 5 - 29 5 Loz - 15 10 - 4 10 Mosc  3) 0 6 - 26 6
Mosc - 13 7 - 19 7 Luy - 10 12 - 26 12
Lei - 15 T - 17 7 TZ Aur
B and B + 6 11 - 12 11 MtW - 5 5 - 13 4 RR CVn
meCo + 4 23 - 20 8 Luy + 15 20 - 1 20 B and B - 9 13 + 6 13
XX And RS Boo RU CVn
MW + 52 3 - 26 5 MtW + 26 3 - 5 4 MW - 41 4 - 3 4
IMcC + 68 4 - 34 4 Mosc + 7 7 + 14 7 Mosc - 58 9 + 2 9
Mosc + 59 12 - 62 12 Lei + 18 8 + T 8 Lei - 51 11 - 14 1M
Lei + 49 8 - 42 38 B and B - 19 12 + 32 12 B and B - 33 13 + 13 13
m.c . + 56 63 + 36 28 K and VR - 29 10 - 12 10
AC And K and VR + 1 9 - 12 9
Loz - 1 9 - 8 9 SS CVn
Iur 8 8 + 2 8 RU Boo Mosc - 1 6 - 38 6
MtW - 16 3 3 4 Loz + 12 10 - 42 10
AT And Hels + 6 6 - 48 6
Hels - 2 2 + 46 2 ST Boo
MtW - 22 6 + 0 6 ST CVn
CC And Lei + 25 12 - 1 12 Loz - 34 10 - 16 10
m.c. - 11 10 - 27 9 B and B - 16 12 + 15 12
SV CVn
WY Ant SV Boo Loz - 20 10 - 30 10
Lou + 18 6 - 57 6 MtW - 1 4 - 12 4
Lei + 11 10 - 29 10 AD CMi
SW Aqr m.c. - 13 7 + 2 4
Mtw - 41 2 - 47 2 SW Boo
LMcC - 43 4 - 54 4 MtW - 26 4 + 4 3 RV Cap
Mosc - 47 5 - 63 5 Lei + 11 10 - 46 10 IMcC + 33 5 - 106 5
Lei - 42 7 - 58 7 B and B -. 60 13 + 9 13 Lei + 1 12 - 118 12
B and B - 54 11 - 64 11 B and B + 40 10 - 121 10
K and vR - 50 7 - 44 7 SZ Boo
MtW - 4 6 - 5 5 YZ Cap
SX Aqr Lei + 7 9 + 11 9 Lou - 23 6 - 9 6
MtW - 50 2 - 50 2 B and B - 3 12 - 12
Lei - 30 8 - 20 8 IU Car
B and B - 31 13 - 41 13 TV Boo Lou - 9 6 - 27 6
K and vR + T 7 - 31 T Kur - 25 8 - 22 8
Hels - 9 5 30 5 BI Cen
TZ Agr Lou + 6 6 + 16 6
SF + 6 9 - 1 8 TW Boo
Mosec + 5 7 - 49 7 V499 Cen
BR Agr Hels - 2 4 - 44 4 Lou + 32 6 - 18 6
SF + 2 9 - 8 8 Rus + 10 6 - 27 6
UY Boo
BS Aqr Ros - 15 7 + 34 7 RZ Cep
Lei + 27 9 - 7 9 Mtw + 105 3 + 186 3
m.c. + 22 9 2 10 YZ Boo ILMcC + 95 4 + 190 4
Par 1) + 6 16 - 20 16 Lei + 9 16 - 22 16 Lei + 102 8 + 197 8
Lou + 30 6 - 22 6 m.c. + 88 14 + 194 16
SF + 40 9 11 8 RZ Cam Shnir + 110 7 + 200 7
Luy + 19 13 - 19 13 Ray + 79 8 + 187 8
BT Aqr Mit p + 90 10
SF + 6 9 - 5 8 RW Cnc Grw p + 120 8
Mtw + 4 4 - 38 4 Agh p + 92 8
CY Aqr Lei + © 8 8 - 24 8
Lei + 74 9 54 9 B and B + 9 14 - 58 14 DQ Cep
Loz + 5% 15 60 15 m.cC. + 26 2 + 19 2
SS Cnec
AA Aql MtW + 8 6 - 11 4 RR Cet
IMcC - 3 4 - 18 4 Mosc + 2 5 - 4 5 MtW + 15 4 - 47 4
Lei - 4 7 - 8 7 Lei + 1 10 + o 10 Lei + 10 8 - 44 8
B and B - 4 11 - 3 11 B and B + 24 13 - 51 13
SF + 3 9 0 8 TT Cnc m.Co. + 37 62 - 63 40
Mosc - 48 5 - 42 5 K and vR + 29 8 - 79 8
S Ara
Luy 15 13 - 20 13 VZ Cnc RZ Cet
Lou - 25 6 - 14 6 Lei - 26 9 - 12 9 SF + 12 9 + 1 8
Rus - 25 6 - 15 6 m.c. 2) - 27 6 23 3
Tou - 14 4 - 21 3 RY Col
X Ari Lou + 36 6 + 18 6
MtW + 61 3 - 94 3 W CVn
LMcC + 62 5 - 80 5 B and B - 62 14 - 13 14 S Com
Mosc + 64 7 - 93 7 m.Ce - 29 10 - 2 9 Mtw - 10 3 - 9 4
Lei + 84 9 - 101 9 K and vR - 20 10 - 8 10 Mosc - 12 8 - 4 8
B and B + 54 11 - 84 11 Mosc 3) - 19 6 - 15 6
m.c. + 69 12 - 175 6 Lei - 2 7 - 12 7
Tou + 77 4 - 93 4 Luy 39° 13 + 39 13
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TABLE 3 (continued)
m.e. m.e. By m.e. Mg m.e. Hy m.e. Mg m.e.
(ovo01) (ovo01) (ovro01) (ovo001) (ovo01) (ovo001)
U Com RX Eri UU Hysa
MtW - 44 4 - 18 5 ILMcC - 38 4 + 2 4 Tou - 10 4 - 8 8
Mosc - 59 8 - 18 8 B and B + 1 13 + 14 13
B and B - 48 13 - 18 13 m.c. - 42 12 - 17 18 VX Hya
Vyss 4) + 24 9 - 12 9 Lei - 6 12 + 30 12
V Com Lou - 14 6 - 26 6
MtW . - 16 4 - 1 4 DG Hya
Lei + 3 11 - 11 11 SW For SF - 10 9 - 11 8
Lou 1 [3 + 2 6
Z Com DH Hya
MtW + 15 5 - 3 5 RR Gem SF - 20 9 - 3 8
MtW + 3 4 + 3 4
RT Com LMcC - 9 4 - 15 4 FY Hya
MtW + 14 5 - 17 4 Lei - 4 8 - 1 8 Lou - 52 6 + 5 6
Luy - 10 12 + 14 12
RV Com Dzi + 3 10 + 9 10 DE Lac
MtW - 4 4 - 4 4 Hels + 5 3 - 3 3
SZ Gem
ST Com MtW - 12 3 26 3 RR Leo
Loz - 38 10 - 16 10 IMcC - 8 5 - 24 5 Mosc - 15 6 - 9 6
Kar - 33 7 - 43 T Lei - 8 T - 23 T Lei 17 8 - 9 8
Tuy - 8 11 - 16 11
RV CrB RS Gru m.c. - 17 39 - 21 21
MtW - 19 4 - 20 4 m.c. - 65 5 - 17 20
Lei - 36 8 - 26 8 Lou - 56 6 - 23 6 RV Leo
B and B - 1111 - 3 1 MtW 5 3 - 13 3
SW Her
X Crt MtW - 7 4 + 13 4 RX Leo
SF + 35 9 - 66 8 MtW + 16 5 - 32 5
TW Her Mosc + 10 8 - 37 8
SW Cru MtW + 1 4 - 7 5 Lei + 12 10 - 20 10
Lou + 19 6 + 8 6 IMcC + 8 5 - 12 5 B and B + 21 12 - 10 12
Mosc - 4 8 - 5 8
UY Cyg Lei + 24 10 + 6 10 SS Leo
MtW + 7 3 - 13 4 B and B + 4 11 - 28 11 MW - 16 4 - 15 4
IMcC - 0 4 - 10 4 Mosc - 33 6 - 18 6
Lei + 10 6 - 9 6 VX Her Lei - 19 8 - 15 8
B and B + 111 + 16 11 MtW - 49 5 + 26 5 Iuy 5) - 27 19 - 14 19
Lei - 51 7 + 23 7
XX Cyg B and B + 15 14 - 23 14 ST Leo
Mtw - 7 2 + 1 2 Mosc + 12 5 - 49 5 Mosc - 18 7 - 58 T
Tei + 6 8 + 23 8 Vyss - 3 9 + 15 9 Mosc 3) - 15 9 - 25 9
B and B + 1 12 - 13 12 Mit p - 50 10 Tou - 3 6 - 34 4
XZ Cyg VZ Her SZ Leo .
MtW + 78 3 - 23 4 MtW - 21 4 - 16 5 Tou - 18 6 - 30 4
LMcC + 83 4 - 20 4 LMcC - 15 5 - 17 5
Lei + 80 7 - 36 7 Lei + 11 13 27 13 UZ Leo
B and B + 67 12 - 23 12 B and B - 26 11 - 30 1 Mosec - 21 6 + 12 6
m.c. + 90 10 - 33 8 m.c. - 14 8 + 4 8
AF Her
DM Cyg MtW - 15 3 - 12 2 WW Leo
Loz + 11 9 - 1 9 Hels - 18 3 - 2 4 Tou - 7 6 - 27 4
Tor - 1 + 5 9
AG Her AA TLeo
CK Del MtW - 3 3 - 17 3 Tou - 3 4 - 26 4
Tou + 13 4 + 2 4 Lei + 6 9 - 26 9
Hels - 7 3 - 16 3 vV IMi
RW Dra MtW + 32 4 - 34 4
Mtw - 2 5 - 26 7 AR Her Lei + 53 8 - 32 8
Mosc - 9 8 - 14 8 MtW - 64 3 + 12 3 Iuy - 17 15 + 4 15
Lei + 15 13 - 2 13 Lei - 50 7 + 26 T
B and B - 8 11 + 2 11 Loz - 61 8 + 13 8 X IMi
Kats - 52 8 + 2 8 MtW - 6 5 - 22 6
SU Dra Mosc + 10 7 - 16 T
MtW - 38 4 - T2 4 CE Her Lei + 16 8 - 24 8
Mosc - 35 7 - 68 T Mtw - 2 2 + [ 2 B and B + 27 12 - 18 12
Lei - 37 7 - 175 7 Lei + 31 7 - 14 7
B and B - 29 11 - 76 M U Lep
m.c. - 49 14 - 80 18 DY Her IMcC + 44 5 - 58 5
Mosc - 2 6 + 15 6 B and B + 49 11 - 51 11
SW Dra Lei + 11 11 + 5 11 Cape p + 40 8 - 46 8
MtW - 24 5 - 2 5
Mosc - 14 8 - 11 8 SV Hya TV Lib
Lei + 4 7 + 1 7 B and B - 10 13 + 11 13 SF + [3 9 + 8 8
B and B - 27 12 - 7 12 m.c. - 81 3 0+ 71 14
UZ Lib
XZ Dra SZ Hya SF + 33 9 - 3 8
m.c. + 29 12 - 8 50 SF 0 9 - 48 8
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TABLE 3 (continued)
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by m.e. g m.e. Hy m.e. Mg mae. Ky m.e. by m.e.
(ovoo1) (ovoo01) (ovo01) (qvoot) (owo001) (ovoo1)
EH Lib DH Peg W Tuc
Lei + 1 7 - 7 7 Mosc + 24 5 o+ 5 Lou + 3 6 + 2 6
m.c. - 8 5 - 4 10 Tou + 17 4 0 4 X
YY Tuc
CW Lup ' DY Peg Lou - 2 6 - 0 6
Rus - 9 6 - 15 6 Mosc + 44 5 - 9 5
Loz + 59 5 - 10 5 RV UMa
Y Lyr Lei + 60 8 - 12 8 Mosc - 19 7 - 42 7
MtW - 3 4 + 2 4 Lei - 29 7 - 37 7
IMcC + 4 4 + 2 4 TU Per B and B + 13 13 - 18 13
B and B - 5 12 + 1 12 MtW + 15 2 - 5 2
B and B + 20 12 - 44 12 SX UMa
RR Lyr MtW - 79 4 + 13 4
Mtw - 110 3 - 191 3 RV Phe Lei - 68 8 + 5 8
IMcC - 108 4 - 192 4 Lou + 33 6 - 18 [ B and B - 42 13 + 2 13
Lei - 110 7 - 194 T Rus + 50 6 - 19 6
m.c. - 112 6 - 192 6 TU UMa
Kov - 119 4 - 226 7 SX Phe - m.c. - 86 14 - 52 1
Agh p - 106 8 m.c. + 255 2 - 860 5 Loz - 77 8 - 51 8
RZ Lyr U Pic AT Vel
MtW + 19 3 + 24 4 Rus - 1 6 - 17 6 m.c. + 29 11 + 36 8
Lei + 36 12 + 68 12 .
B and B + 5 12 + 34 12 RU Psc CD Vel
Mtw + 90 3 - 40 3 Rus - 28 6 + 30 6
UX Lyr LMcC + 96 6 - 45 6
MtW - 1 3 - 1 2 Lei + 111 8 - 48 8 ST Vir
Loz + 92 10 - 38 10 MtW - 7 3 - 18 5
FN Lyr Arty + 114 7 - 30 7 Mosc + 3 6 - 25 6
Hels + 14 2 + 11 2 Lei - 4 7 - 16 7
RY Psc Tuy - 15 11 - 39 11
LX Lyr Mosc + 47 6 + 2 6 K and VR + 2 8 - 20 8
Hels - 13 2 - 20 2
V675 Sgr . UU Vir
BE Mon Lou + 0 6 + 12 6 Mosc - 23 6 - 2 6
m.c. - 18 23 + 9 3 Luy - 18 21 - 13 21
Tou - 3 9 + 10 6 V1640 Sgr m.c. - 30 2 + 25 12
Lou - 4 6 + 9 6
UV Oct Uv Vir
Lou - 7 6 - 138 6 V494 Sco Mosc - 16 6 - 32 6
Lou - 20 6 + 9 6
ST Oph XX Vir
Mtw + 2 2 - 0 2 RU Scl Mosc - 9 6 - 16 6
Lei - 10 9 + 2 9 m.c. + 25 24 - 14 24
B and B + 9 12 - 15 12 X AD Vir
K and VR - 8 6 + 3 6 VY Ser SF - 17 9 - 17 8
Mosc - 113 7 + 57 7
V445 Oph m.c. - 72 23 - 26 25 AF Vir
Mosc + 9 5 + 16 5 Tou - 60 4 + 13 4
AP Ser
V452 Oph Mosc - 54 8 - 44 8 AS Vir
Tou + 12 4+ 14 4 Mosc 3) - 48 8 - 31 8 SF - 45 9 - 78 8
Tou - 39 4 - 37 4
V567 Oph AU Vir
Lei - 25 8 + [ 8 AT Ser SF - 8 9 - 17 8
Mosc - 10 6 + 1 6
V784 Oph Tou - 8 8 - 7 4 AV Vir
Tou - 20 4 - 34 4 Tou + 16 4 - 36 3
CW Ser
v816 Oph Lei - 4 8 - 0 8 BB Vir
Tou - 6 7 + 10 6 Tou - 13 6 + 14 6 Tou - 45 4 + 12 3
TY Pav SS Tau BC Vir
Lou - 10 6 + 1 6 MtW + 8 3 + 1 2 Mosc - 12 8 - 32 8
Tei + 24 9 - 8 9 Tou + 32 7 - 34 6
DN Pav B and B + 30 12 + 27 12
Lou - 9 6 - 30 6 Tou + 10 7 - 5 6
VV Peg AH Tau
Mtw + 6 4 - 8 4 Lei - 39 6 - 57 6
LMcC + 15 4 - 8 4
Mosc + 10 6 + 8 6 U Tri
B and B + 6 13 + 30 13 MtW + 4 2 - 6 2
IMcC + 26 4 - 21 4
BH Peg Lei + 24 8 - 16 8
Loz - 26 10 - 72 10 B and B + 20 12 - 48 12
K and VR + 23 10 - 14 10
BP Peg
Lei - 12 6 + 6 6
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Remarks to table 3.

1) Pavlovskaya has increased Parenago’s value for uz; by-23.
The original value is used here.

2) The value given by Pavlovskaya for the Moscow motion was
determined from meridian-circle positions.

3) Two values, both determined at Moscow, were published by
Pavlovskaya, the relation between them being unknown.

4) The relative motions given by Vyssotsky and Williams are
entered in Pavlovskaya’s publication. Her value taken from
R. E. Wilson was based on meridian-circle positions.

5) Pavlovskaya does not mention Luyten’s determination, but
credits this same result to one of her students. I assume this
is a misprint.

The abbreviations used in table 3 are the following.

Agh p Allegheny parallaxes

Arty N. M. ARTYUKHINA, 1946, Variable Stars 6 88

B and B P. FARrFIELD-Bok and C. D. BoyD, 1933, Astr. Obs.
Harvard Bull. No. 893

Cape p Cape parallaxes

Dzi R. M. DziGgvasHILI and D. S. HAFTAZI, 1951, Comm.
Sternberg Inst. No. 56

Grw AC  Greenwich Astrographic Catalogue
Grw p Greenwich parallaxes
Hels V.R.OLANDER, R. LEnTI, G. PIPPING and A. SAVE-

LIUS, 1959, Soc. Sci. Fennicae Comm. Phys. Math.22 37

K and vR J. C. KAPTEYN and P. J. vaN RHIN, 1922, Bull. Astr.
Inst. Netherlands 1 37

Kar D. K. KARIMOVA, 1949, Variable Stars 7 43

Kats O. W. KATz, 1947, Variable Stars 6 127

used faint comparison stars and therefore could not
apply individual corrections for their proper motions.
¢) Harvard proper motions, derived by FAIRFIELD-
Bok and BoyD (1933). The interdependence between
these motions and those derived by Pavlovskaya will
be greater than the one between the latter and the
Leiden motions. However, it is impossible to estimate
the amount of correlation, as we do not know for
which stars the authors used Carte du Ciel positions.

d) Motions derived by LUYTEN (1927). We saw no
reason to leave out a number of these (as was done by
Pavlovskaya). Nothing is known about correlation be-
tween these motions and those derived elsewhere. The
motions were made absolute with the aid of the values
for various constants given earlier.

e) Motions derived by KAPTEYN and VAN RHDN
(1922). Again we used all values published, and the
previous remark applies here also.

f) Motions derived by various astronomers, all
mentioned in Pavlovskaya’s paper, viz. Artynkhina,
Dzigvashvili and Haftazi, Ikaunicks, Karimova, Kats,
Kulikov, Kurzemniece, Lozinsky, Lurie, Parenago,

Kov M. S. KOVALENKO, 1936, Astr. J. 45 94

Kur 1. A. KURZEMNIECE, 1950, Pub. Phys.-Math. Inst.
Latvian S.S.R. Sci. 1119

LMcC S. A. MITCHELL, private communication to Dr. Oort

Lei Leiden, motions discussed in this paper

Lou J. v. B. LOURENS, 1960, Mon. Not. Astr. Soc. S.
Africa 19 119

Loz A. M. Lozinskn, 1951, Comm. Sternberg Inst. No. 56
19
A. M. Lozinsk, 1952, Comm. Sternberg Inst. No. 81
20
A. M. Lozinskw, 1953, Variable Stars 9 324

Lur M. A. LURIE, 1950, Variable Stars 7 182

Luy W. J. LUYTEN, 1927, Astr. Obs. Harvard Bull. No. 847

m.c. meridian circle

Mit p S. A. MITCHELL, parallaxes from Leander McCor-

mick Observatory
Mosc E. D. PavLovskAYA, 1953, Variable Stars 9 233
MtW Mount Wilson, motions derived by R. E. Wilson,
A. van Maanen and by the author

Par P. P. PARENAGO, 1946, Variable Stars 6 79

Ray H. RAYMOND, 1940, Astr. Obs. Harvard Bull. No. 914

Ros R. M. ROSENFELD, 1950, Variable Stars T 207

Rus T. W. Russo, motions derived at the Cape Obser-
vatory, private communication to Dr. Plaut

SF . San Fernando (1950-1963, Serie A Nos. 1-4)

Shnir P. G. SHNIRELMAN, 1945, Astr. Zhur. 22 34

Tor A. TORONDZIJADZE, 1948, Variable Stars 6 328

Tou 1958, 1959, 1961, Ann. Obs. Astr. Toulouse26,27 and 28

Vyss A. N. Vyssotsky and E. T. R. WiLLIAMS, 1948, Pub.

Leander McCormick Obs. No. 10

Romanovsky, Rosenfeld, Safronov, Shnirelman and
Torondzjadze. The reduction to absolute was again
performed with the values mentioned before for the
secular parallax and the constants of galactic rotation.
Where we lacked the original publications, Pavlovs-
kaya’s values were used, with the differences in the ro-
tation constants taken into account.

g) Motions derived through a repetition of the Carte
du Ciel at various observatories:

OLANDER et al. (1959), Helsingfors. The motions
were reduced to absolute values (by Dr. L. Plaut); the
mean errors were increased so as to include the cos-
mical error.

San Fernando (1950-1963, Serie A Nos. 1-4). The
reduction to absolute proper motions was done as
follows: The differences Yale 16—SF, GC—Yale,
FK3—GC were added to the proper motions. The
corrections were applied irrespective of the declina-
tions. Though this procedure is not ideal, no better
way could be found.

PALOQUE et al. (1958, 1959 and 1961), Toulouse. The
differences between the motions published in volumes
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26, 27 and 28 and those in the Yale catalogues were
smoothed and added to the Toulouse motions, to-
gether with the GC— Yale and FK3— GC differences.
The average mean errors were adopted.

h) Motions published by Cape observers:

Lourens (1960). The motions were reduced to the
FK3 system with the aid of the tables in Bull. Astr. Inst.
Netherlands 10 473.

Russo (1960). The reductions to absolute were per-
formed with the latest adopted constants.

i) A few motions were found in publications dealing
with parallax determinations. No effort has been made
to obtain all published values.

j) Motions derived from published meridian-circle
positions. The final system adopted is the FK3. Dr.
R. H. Stoy kindly supplied the Second Cape 1950
Catalogue position for SX Phe in advance of publica-
tion.

6. Comparison of the motions from different sources

It has been possible to make 22 comparisons be-
tween nine sources with six or more stars in common.
The values for Moscow and Lozinsky were taken to-

gether; this was also done for the two different parts
of the material from Mount Wilson. Table 4 gives the
details of the results. The unit is 0”.0001. The columns
contain the abbreviations for the sources compared,
the average difference in the proper motion in right
ascension with its mean error, the same for the proper
motion in declination, the number of stars involved
and the average mean error for a difference in proper
motion as expected from the adopted mean errors
given by each source, as well as the mean error for the
difference actually found. As some differences turned
out to be exceptionally high, the formula 1.25 {|d|>
was used to compute the mean errors tabulated as
“observed”. These high deviations thus carry less
weight than those determined from the squares of the
residuals.

A procedure of successive assumptions was used to
derive the final weights for the various sources. As the
motions derived from the Mount Wilson, the McCor-
mick, and the Helsinki material are considerably more
accurate than those derived from the other sources,
and as the Helsinki results do not overlap sufficiently
with those of the other two sources mentioned here, it

TABLE 4

Comparison of different sources

Sources Auy m.e. {Aug> m.e. n m.e. of du, m.e. of Aug
exp. obs. exp. obs.
(07.0001) (07.0001) (07.0001) (07.0001)

1) MtW—LMcC — 40 + 22 + 28 + 20 16 + 56 + 81 + 58 4+ 78
2) MtW—Mosc — 5 37 + 35 44 21 84 136 86 153
3) MtW—Lei — 91 22 — 0 23 44 94 151 94 138
4) MtW—B and B — 39 34 — 3 38 32 128 161 129 208
5) MtW—m.c. — 63 56 — 41 66 8 258 150 166 175
6) MtW—K and vR — 86 87 + 41 51 8 87 213 88 124
7) MtW—Luy +150 93 —148 102 6 160 199 161 234
8) LMcC— Mosc + 63 32 + 36 57 7 92 80 92 155
9) LMCc—Lei — 11 40 + 11 26 16 94 146 94 104
10) LMcC—B and B + 26 29 — 19 49 14 124 96 124 187
11) LMcC—m.c. + 28 33 + 18 42 6 146 75 108 105
12) Mosc—Lei — 54 35 — 43 34 25 113 156 113 135
13) Mosc—B and B — 48 39 — 86 36 15 140 149 140 141
14) Mosc—m.c. — 97 74 + 56 109 9 236 219 163 258
15) Mosc—Luy + 52 54 — 33 96 6 156 143 156 195
16) Mosc—Tou —130 70 — 4 27 6 83 134 76 52
17) Lei—B and B + 23 51 + 6 43 31 150 274 150 236
18) Lei—m.c. — 31 49 — 12 41 12 241 170 170 125
19) Lei—K and vR — 74 62 + 62 54 8 116 174 116 145
20) Lei—Luy +206 116 —136 115 6 157 276 157 293
21) B and B—m.c. — 27 144 — 21 83 9 339 405 232 208
22) B and B—K and vR —125 70 + 13 98 8 152 198 152 293
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TABLE 5

Influence of different weights for the Mount Wilson and Leander McCormick proper motions

81

Wamew - Wimec =111 Wmiw * Wimec =1:2
Source m.e. m.e. m.e. m.e.
m.e. of m.e. of m.e. of m.e. of
m.e. m.e. m.e. m.e.
(0”7.0001) (0”7.0001) (0”7.0001) (07.0001)
MtW +57 +7 +65 +8
LMcC +57 +7 +46 +6
from MtW from LMcC from MtW from LMcC
Mosc 132 18 103 49 128 18 109 46
Lei 132 12 111 18 128 13 116 17
Band B 175 18 130 21 172 18 134 21
m.c. 152 32 70 26 148 32 77 23
K and VR 158 33 155 33
Luy 208 48 206 49

is practically impossible to obtain the true mean errors
for Mount Wilson and McCormick from these com-
parisons. All one can do is to derive the mean error of
the differences between the Mount Wilson and McCor-
mick results. The mean errors for each of these two
sources individually can then be found by making some
assumption concerning their relative accuracy. As may
be seen from the next to the last column of table 6 the
mean errors from the measurements themselves, taking
account of the errors caused by the unknown motions
of the comparison stars, are approximately the same
for the two sources. On the other hand, the numbers
given in table 4, indecisive though they are, give a
slight indication that the McCormick results have
somewhat higher weight. I have made two solutions
for the weight. For the first solution it was assumed that
the weights of Mount Wilson and McCormick are
equal, while in the second solution McCormick was
given twice the weight of Mount Wilson. In the first
case the mean error for a proper motion from each of
the two observatories is 4 57, and in the second case
it is 4 65 and -+ 46. (The results for right ascension
and for declination are from now on averaged, as
there is no reason to keep them separated.)

If we use these values to derive the mean errors for
the other sources we arrive at the values givenin table 5.

Though the mean errors for both Moscow and Lei-
den agree better when derived with the last mentioned
ratio of the weights for Mount Wilson and Leander
McCormick than with the first ratio, the improvement
cannot be considered significant, considering the mean

© Astronomical Institutes of The Netherlands e

errors. The improvement would become important
only with an absurdly high ratio between the weights
of the Leander McCormick motions and the Mount
Wilson ones.

We consider first the mean errors for Moscow and
Leiden. These turned out to be identical, and are higher
than what we find from the direct comparison Moscow-
Leiden. This is understandable, because the two results
are not independent, as the same coordinates of the
variables from the Carte du Ciel Catalogues were used.
Once the mean errors for Moscow and Leiden are
adopted, a second determination can be made of the
mean errors of the other sources from the comparisons
12-20 (table 4). We can similarly use Fairfield-Bok and
Boyd to obtain mean errors for m.c. and K and vR,
though now the results become very uncertain as the
mean error for Fairfield-Bok and Boyd is rather high.

The results of these consecutive steps are entered in
table 6. The last two columns of this table show the
average mean errors, as originally found by the various
authors (increased as explained above), and the ratio
between the finally adopted mean errors and the origi-
nal values. The average ratio, 1.5 (omitting the meri-
dian-circle result), is used to increase the given pub-
lished mean errors from sources which we had not
yet considered (see the bottom part of table 6).

It would have been more satisfying if we had had
sufficient comparisons for each source to determine
final mean errors in the manner just discussed, but as
we lack these possibilities, the present method seemed
the only way out of this problem. '
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TABLE 6
Adopted weights for different sources of proper motions
Source From MtW From Mosc From Adopted Adopted Original Adopted:
and LMcC and Lei B and B m.e. relative m.e. original
together together m.e. weights m.e.
m.e. m.e.

(0”.0001) (07.0001) (07.0001) (0”.0001) (07.0001)
MtW + 57 + 57 3.0 + 38 1.5
LMcC 57 57 3.0 45 1.3
Mosc 126 4103 126 0.6 73 1.7
Lei 126 103 126 0.6 86 1.5
Band B 158 172 165 0.4 122 1.4
m.c. 117 +£20 131 +54 +258 164 130 0.6 161 0.8
K and VR 158 33 99 49 182 62 147 0.5 83 1.8
Luy 208 184 196 0.3 146 1.3
SF 125 0.6 83
Tou 75 1.8 50
Lou 180 0.4 120
Rus 141 0.5 94
Hels 51 3.0 34

The question is how much we gain in combining the
different sources, when the first-epoch positions are
all based on the Carte du Ciel. These sources are:
Moscow, Leiden, part of Fairfield-Bok and Boyd, and
Kapteyn and Van Rhijn. The first two, when taken to-
gether, will have a weight between one and two times
their original weight. The fact that the reference stars
were different for the two sets of determinations in-
creases the weight for the first-epoch positions, but
not by a factor 2, as the positions of the variables are
the same. Doubling the weight of the position at the
last epoch increases the weight of the proper motion
by a factor 4/3. All in all, we have assumed that a
combination of the Leiden and Moscow results cor-
responds with an increase in weight by a factor of 1.5.
For the other sources the increase will be of a some-
what smaller order, as there will have been several re-
ference stars in common; but as the weights of these
other sources are already appreciably lower, the correct
factor is of no great importance.

It is unlikely that there is much dependence between
the Mount Wilson and the Leander McCormick re-
sults because the reference stars are in general quite
different.

The relatively low weight for Luyten’s values is
mainly a consequence of the short interval in time be-
tween his first- and second-epoch plates. The relatively

high weight for the Toulouse and Helsinki proper mo-
tions is due to the great number of plates taken, and,
especially for Helsinki, to the great care with which the
circumstances for the new plates were made equal to
those of the first-epoch plates. Moreover, stars more
than 4 cm from the centre of their plates were omitted
from their observing list, and the plates were measured
differentially with respect to the first ones.

Another point to be considered is whether the pre-
sent material shows evidence of systematic differences
between the results from the different sources. From
table 4 one might get the impression that a difference
exists between the results from Moscow and Leiden,
but it is hard to tell to which source one would have to
attribute the difference, and it is questionable whether
the difference is significant. Accordingly we have
decided not to apply any systematic corrections.

Table 7 is printed on opposite pages. The left-hand
side contains the designation of the star, the new
galactic longitude and latitude, the angle between star
and antapex used in groups 3-8 of table 11, the mean
photographic or B magnitude together with reference
keys, the absorption, the period, the Bailey type, the
metal 'index A4S and the final means for the yearly
proper motions in o and in § with the mean errors.
The right-hand side gives the designation of the star,
the v- and t-components with respect to the apices
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derived for groups 3-8 of table 11, the radial velocities
V with reference keys, the space velocities in km/sec
with respect to the Sun (IT and @ are the components
parallel to the galactic plane, in the direction away
from the galactic centre and in the direction of the
galactic rotation, respectively; Z is directed towards
the north galactic pole), and based on the adopted
average absolute magnitude of 4-0™.9 with the mean
error of one component. The AIl, A® and AZ, added
to the space velocities mentioned before will give the
space velocity components for an average absolute
magnitude of +0™.5. The mean errors for p, are the
same as for p; except for RZ Cep, VX Her and SX
Phe, where these are respectively 4 3, + 4 and + 2
in the units given.

7. The radial velocities

Most velocities are from Joy (see the complete list
below for further references), partly corrected by
Mrs. Payne-Gaposchkin. The correction given by her
to V LMi is so large that this has been taken to be a
printing error, and Joy’s original value was retained.
There are 29 stars for which more than one author has
given a determination of the radial velocity. A com-
parison of the different results for these 29 stars (60
residuals) yields a mean error of + 23 km/sec. If we
leave out the values derived by Colacevich, as reduced
by Notni, we obtain from 19 stars (39 residuals)
an r.m.s. error of 4+ 13 km/sec. In these comparisons
all velocities except Joy’s are determined from complete
cycles, and the assumption underlying the computa-
tion of the r.m.s. error, namely that all determinations
will have had the same weight, will not be true. As a
mean error for one determination based on a few
plates only, the value 4 18 km/sec was adopted.

No systematic difference could be found, either
between the values given by Joy and the corrected
values given by Mrs. Payne-Gaposchkin, or between
Joy’s values and the combined other determinations.

The key to the references given in table 7 for V
follows here.

K. D. ABHYANKAR, 1959, Ap. J. 130 834

H. A. ABT, 1955, Ap. J. 122 390

W. P. BIDELMAN, 1947, Ap. J. 106 135

W. K. BonNsack, 1957, Ap. J. 126 291

. A. CoLACEVICH, 1935, Lick Obs. Bull. 17 171
. A. COLACEVICH, 1950, Ap. J. 111 437

A. V. FARQUAHAR, 1948, Ap. J. 107 276

NO LR W~

8. L. GRATTON, 1953, Bull. Astr. Inst. Netherlands 12 31

9. L. GrRATTON and C. J. LAvAGNINO, 1953, Z. Ap. 32 69

10. G. H. HERBIG, 1949, Ap. J. 110 156

11. A. H. Jov, 1938, Ap. J. 88 408

12. A. H. Joy, 1938, Pub. Astr. Soc. Pacific 50 302

13. A. H. Joy, 1950, Pub. Astr. Soc. Pacific 62 60

14. A. H. Joy and R. E. WiLsON, 1950, Pub. Astr. Soc. Pacific 62
58

15. A. H. Joy, 1955, Pub. Astr. Soc. Pacific 67 420

16. T. D. KiNMAN, 1961, Roy. Obs. Bull. No. 37

17. G. MUNCH, 1951, Ap. J. 114 546

18. P. Notni, 1956, Mitt. Univ. Sternw. Jena No. 26

19. G. F. Pappock and O. STRUVE, 1954, Ap. J. 119 346

20. C. PAYNE-GAPOSCHKIN, 1954, Ann. Astr. Obs. Harvard 113
153

21. J. PoNSEN, 1963, Bull. Astr. Inst. Netherlands 17 29

22. G. W. PResTON, 1959, Ap. J. 130 507

23. G. W. PrestoN, H. SPINRAD and C. M. Varsavsky, 1961,
Ap. J. 133 484

24. A. W. RODGERS, 1960, Observatory 80 220

25. J. SAHADE, O. STRUVE, O. C. WiLsON and V. ZEBERGS, 1956,
Ap J. 123 399

26. R. W. SANFORD, 1949, Ap. J. 109 208

27. H. SPINRAD, 1960, Ap. J. 131 134

28. O. STRUVE, 1949, Astr. J. 54 137

29. O. STRUVE and A. BLaauw, 1948, Ap. J. 108 60

30. O. STRUVE and A. vaN Hoor, 1949, Ap. J. 109 215

31. W. G. Trrrt and H. J. SMITH, 1958, Ap. J. 127 591

32. C. M. VARSAVSKY, 1960, Ap. J. 131 623

33. O. C. WiLsoN and M. F. WALKER, 1956, Ap. J. 124 325

34. L. WOLTIJER, 1956, Bull. Astr. Inst. Netherlands 13 62

Note added after this work was completed:

BREGER’S (1964) article came too late to my atten-
tion to make use of his values of nine radial velocities.
Some of his values show large differences with the
values used in this article. We want to emphasize the
great need for more determinations of this kind.

8. The magnitudes

The choice of the magnitudes (B, +Bmin)/2 is im-
portant in connection with the determination of the
absolute magnitude M. The magnitudes given in table 7
are based on many sources. Where two decimals are
printed, a photo-electric or a good photographic
magnitude was available; the references are numbered,
and the key to these references is given below. Most of
the accurate photo-electric determinations are due to
the efforts made by Dr. G. E. Kron, who had set up a
special programme for these stars. Where only one
decimal is given, the values are taken from the General
Catalogue of Variable Stars by Kukarkin et al., with
certain corrections. The number of photo-electric de-
terminations by various authors was not large enough
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34 G. VAN HERK
TABLE 7
Data for 210 RR Lyrae stars
Star 1 b A <mpg> Ref. Abs. P t AS By B m.e.
(0".001)

SW Ana | 116° -33°135° 9.86 3,22,32 0%29 |0%42 = 0 + 1 = 23 4
XX 128 -24 | 134 | 10.86 15,22 0.45 |0.723 a 9 + 59 = 33 4
AC 107 -11 [ 155 | 11.3 y 0.86 |0.525 a - 10 - 3 9
AT 110 -18 [ 151 | 11.4 a 0.60 |0.617 a 3 - 2+ 46 6
cc 121 =21 [ 126 | 9.68 39 0.62 {0.125 - 11 - 27 9
WY Ant | 267 22} 25 |11.16 21 0.49 | 0.574 = 6 + 18 =57 16
SW Aqr 51 =31 [132 | 11.20 22 0.00 [0.459 =a 5 - 43 - 52 4
8X 58 =34 | 134 | 11.86 22 0.12 | 0.536 a 9 - 42 -~ 44 5
TZ 53 =44 | 124 | 12,7 vz 0.27 {0.571 a 5 + 6 =11 13
BO 55 =59 | 114 |12.3 v 0.22 |0.694 a (6)

BR 75 =65 | 111 | 11.8 v 0.21 |0.482 a 3 + 2 - 8 13
BS 82 =66 | 104 | 9.70 21,32 0.49 |0.198 ¢ 0 + 25 =12 7
BT 43 =31 |128 | 11.8 y 0.37 |0.407 2 + 6 - 5 13
cY 69 ~-47 | 117 | 11.01 15,20,23,30| 0.20 | 0,061 2 + 63 - 57 11
AA Aql 43 =25 | 131 | 11,90 22 0.00 |0.362 a 0 - 3 - 13 5

V341 46 =22 | 133 | 11.4 vz 0.50 [0.578 a 3

S Ara | 343 =12 | 77 | 11,02 21 0.37 |0.452 a 3 - 22 -16 10

X Ari | 169 -40 | 96 | 9.88 22,29,30 0.86 | 0.651 a 10 + 65 - 88 3
RV 149 -40 | 85 |12.31 8,30 0.86 | 0.093 - 9 - 11 11
RW 150 -41 (102 |12.4 Q.29 |0.261 ¢

Tz Aur | 177 21 88 | 11.93 22 0.00 {0,392 a 2 - 3 -12 6
RS Boo 51 67 | 115 |M0.56 15,22,32 0.20 [ 0,377 a 2 + 22 + 4 4
RU 31 64 | 107 | 13.8 0.21 |{0.493 a -16 - 3 6
ST 57 55 | 118 | 10.86: 15 0.08 |{0.622 a - 16 + 1 5
SV 69 66 | 116 | 13,0 0.21 |0.581 a + 1 =15 5
SW 63 68 | 113 | 12.50 22 0.04 [0.514 a (7) - 24 - 1 5
Sz 42 66 | 109 | 12.8 ¥y 0.21 |0.523 a - 2 - 3 5
TV 80 67 | 119 |11.21 32 0.12 |0.313 ¢ 8 - 12 - 29 6
W 71 63 | 118 | 11.23 15 0.20 |0.532 a - 1 = 45 6
uU 56 58 | 120 | 12.2 y 0.22 | 0.457 a
Uy 354 69 90 [11.3 0.20 |0.651 a (10 - 15 + 34 13
YZ 59 56 | 132 | 10.72- 6,10,32 0.29 [0.104 (o + 9 =-22 13
RZ Cam 148 23 | 117 | 13.0 yaz 0.49 [ 0.480 a + 19 = 19 18
RW Cnc 197 44 | 77 |11.6 0.27 | 0.547 a + 5 - 38 5
SS 199 26| 69 |12.34 22 0.00 [0.367 a 2 + 6 - 9 5
TT 212 28| 61 |11.4 0.39 | 0,563 a 7 - 48 42 13
VZ 216 29 55 | 7.96 2,13,15,30,33| 0.49 |0.178 0 - 18 - 20 5
W CVn 72 71 | 111 [10.72 15 0.33 |0.552 a 7 - 34 - 7 9

7 124 73 1105 | 11.5 b 0.20 | 0.654 a (8) - 3 =25 9
RR 154 81 96 | 12.64 22 0.00 |0.559 a 7 - 9 + 6 16
RU 54 751105 | 12.1 ¥ 0,20 |0.573 a 42 - 3 5
RX 87 72 | 110 | 12.8 ye 0.20 [0.540 a
RZ 62 77 | 104 |11.4 0.19 | 0,567 a

ss 84 73| 110 |12.1 c 0.20 [0.479 a + 6 - 46 5
ST 47 75 | 108 | 11.6 0.20 [0.329 ¢ - 34 -16 13
SV 140 79| 98 | 12.4 ¥ 0.19 | 0.668 = - 20 -30 13
SW 135 80| 99 |12.3 a 0.19 | 0.442 a
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TABLE 7 (continued)

Star v T v Ref. n0.9 90.9 ZO.9 m.e. ATT A0 AZ
(0".001) (km/sec) (km/sec) (kn/sec)
SW And + 15 = 17 - 22 4,12 - 18 - 45 - 34 11 - 2 - 6 - 9
XX + 67 + 5 - 16 12 +150 -189 - 86 15 + 32 - 36 - 18
AC - 9 - 5 - 69 12,17 - 58 - 52 + 16 34 - 8 + 3 + 1
AT - 21 + 41 -250 22 + 6 =187 +274 27 + 17 + 8 + 39
ce + 3 - 29 - 12 33 - 25 = 6 =49 18 - 5 = 2 =10
WY Ant + 35 + 48 +208 16 -193 =259 - 60 68 - 41 - 14 - 27
SW Agr + 47 - 49 - 5 12 -296 =213 + 40 21 - 61 - 43 + 7
SX + 35 = 49 -220 15 -276 =353 +167 35 - 75 - 40 + 9
TZ + 12 + 3 + 25 22 - 12 =79 - 93 123 0 -19 - 16
BO - 55 13
BR + 8 - 2
BS + 26 + 11 + 41 12,16 + 38 - 28 =~ 59 15 + 8 - 8 =~ 5
BT + 6 + 5
cY + 85 0 - 30 13,28 +135 =278 =246 48 + 26 =~ 52 - 54
AA AqQl + 13 - 4 - 83 12 + 20 =132 + 8 38 - 9 =14 - 7
V341 -135 13
S Ara + 24 - 12 +185 16 -154 =156 + 12 42 + 4 =21 + 11
X Ari +109 - 12 - 40 12 - 21 =220 - 13 6 + 1 - 44 - 7
RV + 1 =14 + 35 13 - 27 + 6 - 82 63 -1 - 1 =12
RW - 60 13
TZ Aur + 11 - 5 + 30 15,18 + 51 - 69 =~ 34 45 + 5 =14 =10
RS Boo - 20 + M - 9 12 - 34 + 61 - 40 14 - 8 + 13 - 6
RU + 14 - 9 - 60 15 +149 =222 + 52 99 + 26 - 43 + 21
ST + 12 - 11 + 21 13 + 32 - 35 + 58 22 + 7 - 9 + 8
SV + 9 + 12 -160 13 -111 =164 =125 56 - 27 =20 + 5
SW + 18 - 16 + 15 12 +144 -155 .+100 48 + 30 - 32 + 17
SZ + 4 + 1 - 45 13 + 5 =45 - 34 48 - 1 - 6 + 1
TV + 27 + 16 - 85 12 - 53 =172 - 25 31 - 11 - 28 + 10
™™w + 29 + 34 -111 12 -156 -189 - 59 30 - 35 =29 + 8
Uuu + 20 13
04 - 16 - 34 +143% 7,13 +108 + 82 +198 67 + %73 o+ 17 + 13
YZ 2 + 24
RZ Cam + 25 + 9
RW Cnc + 38 + 8 - 178 12 -110 -197 - 65 29 - 12 =~ 43 - 2
SS + 9 + 6 + 5 12 - 49 - 80 + 28 45 - 9 =16 + 7
TT + 39 = 50 + 50 13,18 +111 -178 =244 64 + 15 = 31 - 54
N/ + 24 =13 + 26 2,14,27 | + 19 - 28 - 8 5 + 1 - 3 - 4
W CVn + 29 - 19 + 22 12 + 70 =93 + 61 33 + 15 =21 + 9
Z + 22 + 12 0 12 - 60 =124 + 41 51 - 12 =25 + 8
RR o - 11 - 10 12 +111 + 6 - 26 167 + 23 + 1 - 4
RU + 31 - 28 - 55 12 +223 =229 + 31 37 + 43 - 44 + 17
RX + 5 13
RZ - 15 12
Ss + 29 + 36 - 5 13 -262 =223 + 55 38 - 53 =44 + 12
ST + 36 - 11 - 85 13 +104 -220 - 28 78 + 18 = 41 + 12
SV + 36 0] + 12 12 + 19 =309 + 47 114 + 4 - 62 +
SW - 36 13
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TABLE 7 (continued)
Star 1 b A <mpg> Ref. Abs. P t AS My Ky m.e.
(o".001)
AD oMi | 219° 14° 459 g9.42 1 0%00 | 04123 -13 + 2 4
RV Cap 33 =36 | 117 | 11.3 y 0.33 | 0.448 6 + 30 =109 5
Yz 35 =39 | 117 | 11,52 21 0.41 ]0.273 ¢ 0-1 | =23 - 9 16
IU Car 270 ~-23 21 12.32 21 0.78 | 0.737 a 9 - 9 =~ 27 16
BI Cen 295 2 29 | 12.29 21 0.78 | 0.453 a 2 + 6 + 16 - 16
V499 315 18 521 11.38 21 0.41 | 0.521 a 6 + 20 =~ 23 11

RZ Cep 109 51153 9.89 16,22,32 1.11 | 0.309 5 + 99 +189 4
DQ 94 6 | 152 7.58 38 0.45 | 0.079 + 26 + 19 2
RR Cet 144 -60 | 104 9.90 22,30 0.20 | 0.553 a 5 + 19 = 52 5
RX 102 =78 | 100 | 11.6 y 0.19 | 0.574 a
RZ 178 =60 87| 11.7: y 0.22 | 0.511 a 4 + 12 + 1 13
RY Col 246 -35 37| 11.22 21 0.45 | 0.479 =a 3 + 36 + 18 16
S Com | 213 86 90 | 11.59 22 0.00 | 0.587 a 7 - 12 - 7 5
U 204 87 95| 12.0 0.19 | 0.293 ¢ 5 - 46 - 18 5
v 209 81 88| 12.8 0.19 | 0.469 a - 13 - 2 5
Z 328 81 88| 13.4 y 0.19 | 0.547 =a + 15 - 3 6
RT 335 78 88| 14.0 y 0.19 [ 0.565 a + 14 - 17 6
RV 340 80 94 | 14.2 y 0.19 | 0.350 ¢ - 4 - 4 6
RY 342 85 91| 12.1 e 0.19 | 0.469 a 3

ST 348 81 91 | 11.6 y 0.19 | 0.599 a 5 - 36 - 30 11
RV CrB 49 45 | 132 | 11.56 22 0.00 | 0.332 ¢ - 20 =19 5
W Crt 276 40 48 | 11.6 y 0.29 [0.412 a 3

X 279 49 52 1 11.2 ¥y 0.25 {0,733 a + 35 - 66 13
SW Cru 296 2 35| 12.91 21 1.60 | 0.328 a 0 + 19 + 8 16
UY Cyeg 74 =10 | 163 | 11.33 22 0.25 [0.561 a 3 + 4 =10 4
XX 92 14 {164 | 11.94 22 0.00 | 0.135 - 5 + 2 5
Xz 88 17 [ 166 9.79 15,22,30 0.12 [0.467 =a 6 + 81 - 24 4
DM 79 -12 |161 | 11.2 y 0.69 | 0.420 a 0 + 5 + 2 11
BX Del 60 =10 12.1 1.00 | 1.092 0

CK 54 =15 | 143 | 12.4 0.73 | 0.443 a + 13 + 2 7
DX 58 =19 | 145 10.36 29 0.94 | 0.473 a 2

) 60 =17 | 149 4,83 10 0.57 | 0.135 - 20 - 42 1
RW Dra 87 41 | 142 | 11,72 22 0.20 [ 0.443 a 3 -~ 2 =20 5
SU 133 48 [ 119 | 9.96 15,22,34 0.12 | 0.660 a 10 -39 - 73 5
SW 127 47 | 123 | 10.6 y 0.26 | 0.570 a 3 ~20 - 3 5
XZ 96 22 | 158 | 10.39 15 0.62 | 0.476 a 3 + 29 - 8 13
RX Eri 214 =34 58 9.96 21,22,30 0.57 | 0.587 a 9-6 - 28 - 3 5
sV 194 =53 79 9.6 0.23 [ 0.714 a 9

BB 219 =34 551 12.1 vz 0.34 | 0.570 a 8

BC 213  -34 54 | 10.7 £ 0.33 | 0.264 ¢

SS For 216 -73 77 9.7 ¥ 0.20 | 0,495 a

SW 243 =61 12.65 21 0.53 | 0.804 a 10 - 1 + 2 16
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TABLE 7 (continued)

Star v T v Ref. HO.9 60'9 ZO.9 m.e. All A AZ
(O“.OO1) (km/sec) (xm/sec) (km/sec)
AD CMi - 1 =13 + 34 1 + 3 - 8 - 17 10 + 3 + 1 - 4
RV Cap +110 + 25 -110 12 |l + 6 =521 =217 25 - 14 -96 - 56
YZ + 4 - 24 - 88 13,16 - 33 - 83 +124 83 -19 - 8 + 13
IU Car - 18 + 22 +307 16 -148 =244 =214 101 -3 + 8 -19
BI Cen - 5 =16 +210 16 -120 =171 +116 101 - 6 + 4 + 21
V499 - 4 + 30 +332 16 -300 =205 - 24 54 -15 + 4 =25
RZ Cep +172 +126 0 12 +301 -125 +210 é + 61 = 25 + 42
DQ + 32 + 6 - 22 25 + 27 -23 =~ 8 8 + 5 o - 1
RR Cet + 52 =~ 20 - 96 12 - 66 =165 + 23 14 - 6 =27 =12
RX - 75 12,18 .
RZ + 7 + 10 - 15 18 + 49 - 40 + 44 81 + 11 - 8 + 7
RY Col + 24 + 32 +471 16 +229 =423 =137 71 + 15 - 14 + 27
S Com + 12 - 6 - 34 12 + 41 - 78 = 40 33 + 9 =16 - 1
U + 43 -~ 24 + 16 12 +214 =285 + 2 36 + 43 - 57 = 3
v + 8 =10 0 15 +108 = 82 = 22 52 + 22 - 16 - 4
Z - 7 + 14 - 50 15 -185 + 89 - 69 83 - 38 + 17 - 4
RT + 5 4+ 22
RV . + 6 0
RY - 28 13
ST + 46 - 10 -100 12 + 84 =269 - 97 66 + 15 = 55 0
RV CrB + 27 + 4 ~-100 12 + 3 =205 + 4 33 - 10 - 29 + 16
W Crt ) + 66 13
X + 33 + 67 + 50 13 -305 =166 =115 63 -61 -27 - 31
SW Cru - 19 - 7 - 23 16 -105 + 60 + 66 92 - 22 + 12 + 13
UY Cyg | + 10 + 3 - 5 12 + 3 =13 =~ 46 20 o - 1 - 9
XX 0O + 5 ~-150 12 + 25 =154 - 2 37 + 7 - 2 + 7
XZ - 82 - 22 ~-160 12 + 34 =~ 88 =257 11 + 6 + 13 - 42
DM + 2 + 5 - 49 12 + 48 - 46 0 43 + 8 + 1 - 3
BX Del + 30 15
CK - 3 + 13
DX - 45 4
) + 31 - 35 + 9 -12 + 2 - 5 1 - 2 -1 0
RW Dra + 6 + 19 -124 12 - 89 =125 - 50 32 -19 - 6 + 6
SU + 83 + 2 -175 12,32 - 14 -295 =~ 35 14 13 - 43+ 20
SW + 15 = 14 - 30 12 + 55 - 60 =~ 28 18 + 14 - 9 - 1
Xz - 27 - 14 - 25 12 + 16 + 8 = 90 37 + 4 + T - 16
RX Eri - 17 - 22 + 70 12,16 + 30 + 3 = 92 11 - 4 + 8 =11
SV + 10 13,18
BB +240 13,18
BC + 65 13
SS For -115 13
SW +167 16
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TABLE 7 (continued)
Star 1 b A <mpg> Ref. Abs. P t AS sy Mg m.e.
(o".o001)
RR Gem | 187° 20° 78° 11.52 22 000 | 08397 & 3 | - 3 - 5 4
Sz 202 22| 68 |11.7 g 0.49 | 0.501 a - - 10 - 25 4
RS Gru | 350 -48 | 85| 8.38 11,21 0.37 | 0.147 a 0 - 61 -~ 19 10
SW Her 42 34 1128 | 14.0 ¥y 0.34 | 0.493 a - 7 + 13 6
W 56 25 | 149 | 11.30 22 0.00 | 0.400 =a 2 + 5 - -9 4
VX 35 39 | 121 | 10.74 15,22 0.00 | 0.455 a 5 - 36 + 15 5
vz 60 35 (140 [ 11.50 22 0.00 | 0.440 a 4 - 16 - 18 4
AF 65 42 | 135 | 12.6 y 0.28 | 0.630 a -17 - 7 4
AG 64 41 | 135 | 12.6 y 0.29 | 0.649 a - 4 -7 4
AR T4 48 | 133 | 11,23 22 0.00 | 0.470 = 6 - 61 + 13 5
AT 71 32 | 152 | 10.8 ¥y 0.35 | 0.33
CE 39 22 12.38 22 0.41 | 1.209 a 7 + 4 - 2 5
DY 28 36 | 129 | 10.72 5,13,15,19,32 | 0.53 | 0.149 =& + 5 + 10 11
SV Hya | 297 37 | 49 | 11.4 x 0.32 | 0.479 a - 53 + 47 10
Sz 240 26 | 39 |11.5 vz 0.43 | 0.537 a 0 - 48 13
uu 230 38 | 53 |11.7 y 0.31 | 0.524 - 10 - 8 7
CVX 248 30 | 41 [10.6 0.37 | 0.183 - 6 + 30 13

WZ 254 34 | 38 |11.0 0.34 | 0.538 =&
XX 245 21 32 [11.4 y 0.52 | 0.508 a

DG 234 25 42 | 12.3 ¥y 0.45 | 0.430 =a - 10 - 1 13
DH 238 23 | 38 | 11.2 ¥y 0.48 | 0.488 = - 20 - 3 13
FY 319 31 | 59 | 12.79 21 0.37 [ 0.637 & (7) | -52 + .5 16
CZ Lac | 100 - 5 | 165 | 11.7 h 1.29 | 0.432 a 1

DE 93 =12 [ 159 | 10,9 i 0.64 | 0.254 ¢ + 5 - 3 6
RR Leo | 208 53 | 74 |10.89 15,32 0.29 | 0.452 a 8 - 15 - 14 7
RV 232 51 61 | 13.4 ¥z j 0.24 | 0.515 =a - 5 - 13 6
RX 209 70 | 82 |12.3 k 0.20 | 0.653 a (5) | + 15 - 30 5
ss 265 57 59 | 10.8 1 0.23 | 0.626 a 8 - 19 - 15 5
ST 253 66 | 70 | 11.6 z 0.21 | 0.478 a 7 - 8 - 37 7
Sz 244 58 | 63 | 12.1 ¥y 0.22 | 0.534 - 18 - 30 7
v 263 49 | 55 | 11.4 ym 0.25 | 0.402 10:
Uz 230 57 | 66 | 10.5 n 0.23 | 0.618 - 18 + 8 9
WW 226 38 | 56 | 11.7 y 0.30 ] 0.603 a 7 - 27 7
AA 254 66 | 69 | 11.8 0.21 ] 0.599 a - 3 - 26 7

vV IMi | 201 58 | 79 |12.5 yzo 0.23 | 0.544 a (4) | + 31 - 30 5
X 183 54 89 [ 11:6 y 0.24 | 0.684 a - - 21 5
U Lep 221 =35 53 | 10.6 y 0.33 | 0.581 a 9 + 44 - 56 5
TV Lib | 353 40 | 95 | 11.6 0.30 | 0.270 =a 2 + 6 + 8 13
Uz 356 37 | 91 |10.7 0.32 | 0.44 +33 - 3 13
EH 356 48 | 114 | 10.02 14,15 0.16 | 0.088 - 3 - 6 9
CW Lup | 319 16 | 60 | 12.6 x 0.67 | 0.377 - 9 -15 14

Y Lyr 73 21 | 157 | 13.0 ¥z 0.53 | 0.503 a 1 + 0 + 2 4
RR 75 12 {165 | 8.00 7,15,17,22 0.41 | 0.567 a 6 -109 -193 4
RZ 62 16 | 152 | 11,58 22 0.00 | 0.511 =a 9 + 20 + 30 5
UX 67 22 [ 153 | 14.6 ¥y 0.51 | 0.543 a - 1 - 1 6
EZ 66 16 | 154 | 11,5 z 0.67 | 0.525 a 7

FN 73 15 [ 162 | 12.4 ¥y 0.73 | 0.527 + 14 + 11 6
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TABLE 7 (continued)

&9

(2]

Star v T v Ref. I'IO.9 0.9 Zo'9 m.e. ATl A© AZ
(O".OO1) (km/sec) (km/sec) (km/sec)

RR Gem + 4 - 4 + 94° 12 + 92 ~-29 + 5 24 + 1 - 3 - 5
Sz + 23 - 14 +332 12 +283 =226 + 29 22 - 1 =23 - 19
RS Gru - 5 = 64 + 81 16 .-111 - 28 - 8 12 - 12 - 4 4+ 11
SW Her - 4 - 14 -130 15 +269 - 15 + 80 102 + 39 + 11 + 32
W + 2 + 10 - 15 12 - 15 =19 = 45 23 - 6 .0 - 7
VI + 15 - 36 -374 12 +328 =226 =102 22 + 19 - 12 + 26
vz +23 + 6 -120 12 - 22 -184 + 3 25 - 15 =20 + 14
AF + 18 - 3 -270 13 + 63 =304 - 66 37 - 4 =25 + 23
AG + 12 + 12 - 75 15 -109 =134 - 29 36 - 26 -17 + 4
AR + 48 - 40 -335 12 +253 =407 - 38 27 + 39 - 38 + 43
AT - 60 15

CE -235 13

DY -1 - 3 - 46 4,13 + 57 + 15 = 27 37 + 4 o+ 7 U,
SV Hya | + 8 - 70 + 78 12 +293 - 78 +217 52 + 65 - 4 + 35
Sz + 48 + 5 +100 12 - 92 =233 - 89 67 - 28 - 31 - 27
uu + 10 - 8 +300 13,18 +173 =223 4126 41 + 5 - 9 =12
VX - 21 - 22 - 15 13 + 56 + 73 + 39 45 + 13 + 11 + 11
Wz +315 13

XX - 10 13

DG + 12 - 9

DH + 4 - 20

PY + 36 - 38 + 80 16 +326 =331 +197 152 + 76 =59 + 32
CZ Lac -120 22

DE + 6 - 1

RR Leo + 17 - 11 + 65 12 + 67 =83 + 7 28 + 7 =13 - 9
RV + 14 - 1 0 15 - 18 =161 - 94 81 - 4 =32 -18
RX + 21 + 26 -103 12 -235 =166 - 66 41 - 41 - 36 + 7
ss + 22 - 9 +145 12 + 45 =154 + 71 20 + 7 =15 =10
ST + 36 + 11 +150 12,24 - 44 =260 + 59 41 - 13 - 41 - 15
Sz + 35 - 4 + 90 12 + 35 -268 - 55 52 + 3 = 45 - 26
TV - 95 13,18

Uz - 2 =20 - 25 13 + 57 + 20 - 44 32 +13 + 1 - 5
WwW + 28 - 4

AA + 24 + 10

vV ILMi + 20 + 38 - 85 12 -351 -182 + 64 44 - 62 -39 + 27
X + 21 + 4 + 40 12 + 7 =123 + 41 29 - 3 =24 + 1
U Lep + 70 =10 +111 12 - 54 =270 + 3 18 -2 -43 + 14
TV Lib } - 10 - 1 - 58 12 + 40 + 57 - 31 73 o + 11 0
UZ - 20 + 27

EH + 6 + 2

CW Lup + 16 + 7

Y Lyr - 1 - 2 -110 13 + 88 -84 - 30 39 + 11 + 3 + 2
RR +180 +129 - 71 12,26,29 -202 =-129 - 3 4 - 44 =12 + 2
RZ - 35 =10 -231 12 +302 - 79 -104 33 + 40 + 24 - 9
UX + 1 0]

BZ - 75 13

FN - 17 - 4
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TABLE 7 (continued)
Star 1 b A <mpg> Ref. Abs. P % A8 Hy g m.e,
n
(0 .o01)
KX Lyr 69° 20°|155°|11.1 ¥ 0%s4 | 0%41 & o0
LX 70 19 | 156 |12, 0.58 | 0.545 a 8: - 13 - 20 6
BE Mon 205 1 11.2 y 1.47 | 2.706 a 0 - 7 + 10 6
UV Oct 308 -24 45 9.85 21 C.70 | 0.543 a 9 - 71 =138 16
ST Oph 23 17 | 116 |[12.34 22 0.62 | 0,450 a 6 + 0 + O 5
V445 8 28 {107 |11.1 0.39 | 0.397 a 1 + 9 + 16 13
V452 32 26 | 123 |12.2 y 0.44 | 0.557 a 5: + 12 + 14 7
V453 21 18 1.5 vz 0.62 | 0.971 4
V567 28 12 1133 |11.8 2z 0.78 | 0.130 ¢ - 25 + 6 13
V716 10 28 12.3 y 0.41 | 1.116 7
V784 31 20 12.8 y - 20 - 34 7
vele 29 18 | 127 |12.4 0.62 | 0.273 a - 6 + 10 7
TY Pav | 331 =17 63 |12.95 21 0.78 | 0.710 10 - 10 + 1 16
DN 333 =31 68 |12.67 21 0.12 |0.468 a (8) | - 9 =130 16
VV Peg 78 -3%0 | 146 |[11.98 22 0.00 | 0.488 a 9 +10 - 5 4
AO 70 -23 | 150 |13.1 yz 0.49 | 0.547 a 1
AV 77 =24 | 149 [10.4 P 0.41 | 0.390 a 0
BH 86 -38 | 140 [10.90 32 1.11 | 0.641 a 5 - 26 =~ 72 13
BP 74 -21 12.26 4 0.20 - 12 + 6 13
cG 77 -21 |155 |11.5 q 0.52 | 0.467 2
DH 69 -39 |133 | 9.82 15,32 0.62 | 0.256 ¢ 0 +19 + 0 7
DY 91 -39 [120 |10.52 15,18,24 0.16 | 0.073 ¢ + 54 = 11 8
TU Per 143 - 4 {125 3.2 T 1.72 | 0.607 a + 16 =10 5
AR 155 - 2 [ 111 |11.02 15,30 1.72 | 0.426 a 0
RV Phe | 336 -64 | 79 |12.18 21 0.62 | 0.596 a (8) + 42 -19 12
SX 341 =70 76 | 7.06 0.08 | 0.055 +255 =860 5
U Pic 258 =40 38 |11.8 x 0.30 | 0.442 a - 1 =17 14
RU Psc 130 -38 | 118 |10.46 22 0.04 | 0.390 ¢ 7 + 95 - 42 4
RY 101 =63 [ 114 [11.9 0.21 | 0.530 a 7 + 47 + 2 13
ss 132 -41 [115 [11.5 0.29 | 0.288 ¢ 2
XX Pup 237 9 32 |11.6 P2 1.00 | 0.517 a
BB 241 10 | 28 |10.7 z 0.82 | 0.480 = 3:
I3 243 4| 20 3.0 2,27 0.12 | 0.141 - 87 + 48 1
V355 Sgr 15 - 2 9.8 y
V440 15 -19 | 107 |10.6 syz 0.54 | 0.477 a 5
V675 358 - 8| 90 [10.68 21 0.53 | 0.642 a 11 + 0 + 12 16
V1640 0 -14 | 97 [12.91 40 0.78 | 0.367 a 0 - 4 + 9 16
V494 Sco 357 - 0| 90 |11.78 21 0.70 | 0.427 a (2) - 20 + 9 16
V703 357 -1 |/100 | 7.8 26 0.37 | 0.115 ¢ + 26 + 11 21
RU Scl 41 =79 95 [10.9 x 0.19 | 0.493 + 25 =14 13
5 sct 24 -2 |126 4.90 12 0.11 | 0.194 + 7 + 1 1
VY Ser 6 44 | 97 [10.51 36 0.78 |0.714 a 9 - 92 + 16 9
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TABLE 7 (continued)
Star v T v Ref. 1'10'9 90.9 ZO.9 m.e. ATL ;) AZ
(0".001) (km/sec) (km/sec) (km/sec)
KX Lyr - 60 22
X + 20 + 12
BE Mon
UV Oct +126 + 91 +109 16 +208 =250 =119 34 54 = 35 = 15
ST Oph 0 0 - 45 15 + 40 - 17 - 13 34 0 0 0
V445 -18 - 3 - 15 13 + 32 + 73 + 3 56 3 +15 + 3
V452 - 18 0
V453 - 95 13
V567 + 5 =25
V716 : -230 15
V784
V816 - 5 =10
TY Pav + 5 =9 +255 16 -217 =159 + 1 136 1 - 8 + 15
DN + 31 - 3 - 95 16 +172 =254 +124 163 20 - 60 + 15
VV Peg | + -9 + 7 + 10 13 + 39 - 25 - 74 31 8 - 6 - 14
AO +115 13
AV - 98 13
BH + 49 - 59 -260 13 -153 ~296 + 61 37 34 - 19 - 21
BP
CG + 5 13 :
DH + 9 + 17 - 56 4,12 + 57 - 48 + 12 16 8 - 1 - 4
DY + 51 + 21 - 25 3 +169 -107 - 89 32 35 - 18 - 22
TU Per + 19 + 1 -380 12 -231 =322 + 24 31 14 - 19 - 1
AR - 6 12,18
RV Phe + 36 + 30 + 87 16 +167 =227 ;126 T7 41 - 42 - 10
SX +734 =516 - 32 33,34 - 59 -685 +132 8 15 =139 + 20
U Pic + 4 - 16
RU Psc +100 + 30 -115 12 +196 =365 - 23 16 50 - 60 18
RY + 25 + 40 + 26 13 +287 =129 - 67 89 58 - 28 8
Ss + 5 13
XX Pup +409 18
BB +255 18 .
[4 - 23 - 97 + 46 + 30 - 37 - 2 1 2+ 1 - 1
V355 Sgr + 10 12
V440 - 50 13
V675 -1 - 5 -105 16 +100 + 39 "+ 33 54 0O + T + 4
V1640 - 8 - 6 - 17 16 + 3 + 47 + 60 134 2 + 10 + 12
V494 Sco + 2 = 22 + 26 16° - 26 - 25 +113 83 0O - 5 + 23
V703 - 20 + 20 - 35 21 + 34 + 23 - 14 20 O + 4 - 3
RU Scl + 25 + 14 + 30 12 + 62 =99 =~ 53 57 13 - 21 - 4
5§ Sct - 3 + 7 - 45 5,19 + 43 - 18 0 1 o + 1 0
VY Ser + 50 - 79 -140 13,32 +245 =148 + 66 24 29 - 28 + 34

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


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1965BAN....18...71V&amp;db_key=AST

 TOG5BAN - I.1B: 7V

92 G. VAN HERK

TaBLE 7 (continued)

Star 1 -b A <mpg> Ref, Abs. P t AS By - Mg m.e.,
(om.001)
AN Ser 239  45°/110°|11.32 31 0%86 | 08522 = 0
AP 13 52 | 107 |11.38 36 0.20 | 0.254 8: - 44 - 37 7
AR - 8 44 |105 |11.2 y 0.27 | 0.330 8:
AT 18 42 |106 |11.4 v 0.28 | 0.747 a 9 - 8 - 5 7
AV 11 37 1103 |11.3 z 0.32 | 0.488 a (6)-
BF 23 55 11.9 0.23 | 1.165 6
cW 15 42 (118 [11.7 v 0.28 | 0.189 - 11 + 10 7
T Sex | 236 41 53 [10.28 35 0.20 | 0.325 ¢
SS Tau | 180 =39 80 |12.80 22 0.62 | 0.370 a + 12 + 0 4
AH 166 ~23 93 |[12.2 0.48 [ 0.333 -39 - 57 13
U Tri | 138 =27 [122 |12.82 22 0,00 | 0.447 a 2 + 16 =15 4
W Tuc | 302 =54 | 59 |11.66 21 0.29 | 0.642 a E7g + 3 + 2 16
YY 325 =52 | 70 |12.24 21 0.29 | 0.635 a 8 - 2 - 0 16
RV UMa | 110 62 | 118 | 10.77: 15,31 0.33 | 0.468 a 8: - 15 - 34 9.
SX 113 60 | 123 {11.06 25,32 0.00 | 0.307 ¢ 6: - 75 + 11 5
U 199 72 | 86 | 9.99 15,28 0.16 | 0.558 a 6 - 81 - 51 9
AI Vel | 261 - 6 71 7.0 z 0.25 | 0.112 + 29 + 36 13
cD 272 6 10 [12.6 x 1.42 | 0.573 =& - 28 + 30 14
ST Vir | 346 54 92 | 11.7 yz 0.24 | 0.411 a - 5 =20 5
uuU 281 61 64 |10.5 v 0.22 | 0.476 a 2 - 25 + 7 8
uv 287 62 66 |12.2 ty 0.22 | 0.587 =a - 16 - 32 13
XX 338 51 12.0 0.24 | 1.348 a 9: - 9 =16 13
AD 333 51 77 |12.8 v 0.24 | 0.552 a - 17 =17 13
AP 355 59 92 |11.9 v 0.22 | 0.484 =& - 60 + 13 7
AM 314 46 62 |11.4 u 0.27 | 0.615 a
AS 303 53 63 |11.6 z 0.24 | 0.553 a - 45 -~ 78 13
AT 305 57 67 |11.6 vz 0.23 | 0.526 a
AU 317 55 76 |11.6 z 0.23 | 0,343 ¢ 7: - 8 =17 13
AV 325 71 82 |12.0 z 0.20 | 0.657 = 6 + 16 - 36 7
BB 340 65 | 86 |11.0 0.21 | 0.471 =& - 45 + 12 7
BC 323 68 | 80 |12.5 z 0.20 | 0.565 a + 21 =~ 34 7
BN Vul 59 3 {152 [11.6 1.41 | 0.594 a 6

to allow an intercomparison, and simple means have
been taken. The mean error of one determination of a
mean magnitude was found to be 4 0™.067.

A comparison between the values as given by
the GCVS and the photo-electric determinations
revealed systematic errors which obviously depend
on the declination. Accordingly the material was
split into stars with 6 above and below —25°, and
into photographic or visual magnitudes with either
one or two decimals given in the GCVS. Table 8
shows the results.

The few cases with two decimals in the GCVS
are probably from photo-electric observations,
although the origins could not always be traced.
The comparison with the other photo-electric data
collected is better than the value given above for the
r.m.s. error would suggest, but this could be accidental.
It is certain that the magnitudes of the stars with the
lowest declinations require corrections of the order of
+0™.78. After the above calculation had been made,
Dr. Kwee showed me his accurate photographic
results for V1640 Sgr. His determination gave a correc-
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TABLE 7 (continued)

Star v T v Ref. HO.Q 90.9 ZO.9 m.e. All AO AZ
(0".001) (xm/sec) (xm/sec) (xm/sec)

AN Ser - 60 13 .

AP + 57 - 5 - 91 13,32 + 65 =321 - 14 38 + 2 =62 + 12
AR +100 13

AT + 9 - 2 - 70 13 + 50 - 62 - 30 - 37 + 1 =10 + 3
AV - 55 13

BF -175 15

cwW o - 15

T Sex + 38 12,31

SS Tau | + 8 + 9 - 50 15 + 8 =56 + 90 35 + 10 - 12 + 12
AH + 18 - 67

U Tri [ + 22 - 2 - 60 15 + 89 =246 - 60 46 + 26 - 42 - 18

W Tuc + 1 + 4 + 71 16 - 2 -38 - 64 94 + 4 0o - 1
YY - 1 - 2 + 31 16 - 28 - 5 -19 123 - 3 + 1 + 1
RV UMa | + 34 + 15 -178 12 - 63 -200 - 91 34 - 7 - 24 + 14
SX + 53 =~ 54 -135 12 +319 =256 - 91 26 + 70 -39 + 5
U + 81 - 51 + 92 12,23 +175 =233 + 18 26 + 30 - 46 - 14
AT Vel | - 22 - 41 + 15 8,9,10 + 9 -16 + 30 9 + 1 0O + 6
cD + 18 - 37

ST vir | + 18 + 10 - 35 12° - 23 -111 - 75 31 - 8 -23 -10
uvU + 9 - 24 - 17 12 + 8% -14 - 18 28 + 17 - 4 - 1
uv + 35 + 6 + 95 12 - 26 -290 - 43 100 - 3 -50 - 25
XX - 55 13

AD + 24 - 1

AP + 31 - 53

AM +105 13

AS + 88 + 18 + 85 13 - 6 =492 =209 77 + 5 =91 - 56
AT +358 13,18 "

AU +18 + 6 +125 13,18 - 69 =150 + 52 76 - 3 -20 - 11
AV + 18 + 35 + 35 13 -240 =142 - 59 50 - 46 -27 -19
BB + 21 = 42 - 5 13 +182 - 85 + 61 32 + 36 - 18 + 14
BC + 13 + 38 0 13 -311 -125 -134 63 - 62 - 25 = 27
‘BN Vul -235 13

tion of 0™.71 to the value given in the GCVS, in per-
fect agreement with what was found before. The south-
ern magnitudes were corrected by 0™.78 with the
exception of V703 Sco. In this case the author on
whose results the GCVS value is based (PLAUT, 1948)
has determined the photometric zero-point from SA 157
and 40. The adopted mean error for a mean magnitude
for stars with 6 < —25° (except of course the well
determined cases) is 4+ 0™.50. It is difficult to say,
whether the stars north of § = —25° need corrections
to their magnitudes as published by the GCVS, without

making further investigations. The literature was
searched to find out from which sources the published
data were taken. If these sources did not have their
photometric zero-point determined in a satisfactory
way, a correction of 0™.2 was applied to the values
printed in the GCVS. The mean error for {m,,) for
these stars was taken to be 40™.25 or -+ 0™.30 for
original pg or v magnitudes respectively. All stars whose
{my,» given in table 7 differs from the value printed in
the GCVS are noted below. The magnitudes in table 7,

though called m,,, do not form a homogeneous group.
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TABLE 8

Differences Am in mean magnitudes of different sources. < | r |> is the average absolute residual, ¢ is 1.25 < | r | >

GCVS Ampe—p») | n | D> | | dme—v | | D | o
0<<—25°
1 dec. 40778 14 0740 40750 +0758 3 0764 0780
2 dec. +0.75 2 0.31 0.39
0> —25°
1 dec. +0.24 42 0.20 0.25 +0.39 13 0.16 0.20
2 dec. +0.06 5 0.04 0.05 +0.33 4 19 0.24
List of notes and references for <mpg>' s From 1933, Variable Stars 4 256 (corrected for x and z)
t From 1935, Tadjik Ann. 1 Part 1 33
u From 1931, Variable Stars 3 111

X

A correction of +0™.78 was added to < my, > taken from
B. V. KUKARKIN, P. P. PARENAGO, Yu. I. EFREMOV and
P. N. KHoLorov (1958, General Catalogue of Variable
Stars)

A correction of +0™.2 was added to { m__) taken from
B. V. KUKARKIN et al. (1958, General Catalogue of Variable
Stars) .
A value of +-0™.25 was added to transfer < m, > from B. V.
KUKARKIN et al. (1958, General Catalogue of Variable Stars)
to < my, >

KipPPENHAHN’S value for < my, > was used (1953, Astr.
Nachr. 281 153)

Value taken from 1952, Ann. Astr. Obs. Harvard 118 99

In accordance with the latest value given by PARENAGO
(1930, Astr. Nachr. 240 321)

In accordance with 1938, Pulkovo Circ. No. 24, figure 1, plus
the correction mentioned under y

Value from 1927, Kleine Verdff. Univ. Sternw. Berlin-Babels-
berg No. 4 19, corrected with +0™.24 (see note 1930,
Astr. Nachr. 240 321)

An average of the values given in 1946, Astr. J. 52 56, and
1958, Stalinabad Trud. (7) 76 91, corrected for z

The visual magnitude from 1953, Variable Stars 9 330,
corrected for z

From 1940, Variable Stars 5 258

From 1948, Tashkent. Bull. 2 499

From 1923, Astr. Nachr. 218 313

From 1929, Kleine Verdff. Univ. Sternw. Berlin-Babelsberg
No. 6 28, with corrections from 1930, Astr. Nachr. 240 321
From 1941, Tadjik Ann. 1 Part 3 58

From 1935, Variable Stars 5 89

From 1950, Astr. Nachr. 279 247, plus a correction of
+0™.29, derived from photo-electric observations used in
this article for four stars in common with Kiihn’s work
From 1941, Tadjik Ann. 1 Part 3 54

From 1952, Ann. Astr. Obs. Harvard 118 8 and 19

From the average of the corrected values from 1941, Ann.
Astr. Obs. Harvard 111, and 1935, Astr. Nachr. 255 420,
plus correction mentioned under y

G. E. Kron has observed ¥, ;, 0™.68 fainter than the value
entered in Variable Stars, with a (B—V)p,;, = +1.00. The
star appears to be much fainter than Kukarkin’s et al. values
seem to indicate. C. R. D’ESTERRE (1915, Mon. Not. Roy.
Astr. Soc. 75 292) observed a photographic range of +1™.3.
Adopted: D’Esterre’s range and Kron’s minimum

. K. D. ABKYANKAR, 1959, Ap. J. 130 834

2. H. A. AT, 1955, Ap. J. 122 390

23.

24.

25.
26.
217.
28.

29.
30.
31.
32.
33.
34.

. J. BaLAzs and L. DETRE, 1957, Mitt. Sternw. Ungarischen

Akad. Wiss. Budapest No. 34

. P. BROGLIA, 1959, Mem. Soc. Astr. Italiana 30 142
. P. BROGLIA and A. MassANI, 1955, Mem. Soc. Astr. Italiana

26 66

. P. BROGLIA and A. MASsSANI, 1957, Mem. Soc. Astr. Italiana

28 102

. P.BroGLIA and A. MASSANI, 1957, Mem. Soc. Astr. Italiana

28 105

. P. BroGLIA and E. PEesTARINO, 1955, Mem. Soc. Astr.

Italiana 26 429

. O.J. EGGEN, 1952, Pub. Astr. Soc. Pacific 64 305
10.
. O. J. EGGEN, 1956, Pub. Astr. Soc. Pacific 68 142
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

O. J. EGGEN, 1955, Pub. Astr. Soc. Pacific 67 354

. FATH, 1935, Lick Obs. Bull. 17 175 and 18 77

. FitcH, 1955, Ap. J. 121 690

FitcH, 1957, Astr. J. 62 108

GEYER, 1961, Z. Ap. 52 229

GEYER, 1958, Z. Ap. 44 98

HARrDIE, 1955, Ap. J. 122 256

Harpie and C. D. GEILKER, 1958, Ap. J. 127 606
Harbpie and S. H. Lotr, 1961, Ap. J. 133 71

Harbie and C. R. TOLBERT, 1961, Ap. J. 134 581
KiNMAN, 1961, Roy. Obs. Bull. No. 37

KRroN, or G. E. KroN and S. N. SvoLopouLos (un-
published)

D. H. McNaMARA, G. AuGasoN, R. HUERTA and W.
MURRI, 1961, Pub. Astr. Soc. Pacific 73 340

A. Massant and P. BROGLIA, 1954, Mem. Soc. Astr. Italiana
25 53

P. NoTNI, 1962, Astr. Nachr. 262 72

J. PONSEN, 1962, Bull. Astr. Inst. Netherlands 17 29

J. PONSEN, 1962, Bull. Astr. Inst. Netherlands 17 44

G. W. PrestoN, H. SPINRAD and C. M. VARsAVsKY, 1961,
Ap. J. 133 484

G. W. PRESTON, 1961, Ap. J. 134 633

H. J. SmitH, 1955, Harvard Dissertation

H. SPINRAD, 1959, Pub. Astr. Soc. Pacific T1 542

H. SpINrRAD, 1959, Ap. J. 130 539
H
H

OHFEFFREMmE W
MOTEEEELE >

. SPINRAD, 1960, Ap. J. 131 134
. SPINRAD, 1961, Ap. J. 133 479
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Figure 1. Left-hand side: B—V observed photo-electrically; right-hand side: B— ¥V corrected for selective absorption for galactic
latitudes |b| > 40°. Filled circles refer to P > 0%.42, open circles to 04.2 < P < 0%.42, and crosses to P < 0.2,

35. W. G. Trrer and H. J. SmiTH, 1958, Ap. J. 127 591

36. C. M. VARSAVSKY, 1960, Ap. J. 131 623

37. M. F. WALKER and O. C. WILSON, 1956, Ap. J. 124 325

38. M. F. WALKER, 1952, Pub. Astr. Soc. Pacific 64 192
M. F. WALKER, 1953, Pub. Astr. Soc. Pacific 65 39

39. O. C. WiLsoN and M. F. WALKER, 1956, Ap. J. 124 325
(Lindblad and Eggen’s values for CC And were rejected)

40. K. K. KwEeE, 1962, Ann. Sterrew. Leiden 22 3

9. The amplitudes

As the amplitudes will be used to subdivide the
material, the question of the relation between B and V'
amplitudes is important. PRESTON (1959) takes a stan-
dard difference of +0™.30 between these two ampli-
tudes; GEYER (1961) assumes a linear relation with log
P. From the photo-electric material at hand the fol-
lowing table was constructed. A subdivision according
to AS showed no trace of a dependence on A4S, except
for the group with 0°.3 < P < 094, but this may well
be spurious.

In our work two values for the difference between
the two amplitudes were used: -~0™.14 when P < 0%.3
and +0™. 29 for P > 09.3.

P n ampl.z—ampl.y

<041 6 0™14
0.1-0.2 10 0.15
0.2-0.3 4 0.14
0.3-0.4 13 0.29
0.4-0.5 21 0.32
0.5-0.6 17 0.27
0.6-0.7 8 0.24
0.7-0.8 4 - 0.28
0.8-0.9 1 0.25

10. The colours and the absorption

The observers of the photo-electric magnitudes have
also given B —V. The material is insufficient to deter-
mine systematic differences between the results of
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TABLE 9

Averages for B—V and (B— V), for different galactic zones

b no | B=V>| > | KB=W)> b no | <B=V> | > | KBV

obs. obs.

—90° to —80° +90° to +80° 2 0M12 0707

—80 —70 1 0721 0718 +80 +70 2 0.25 0.20

—70 —60 3 0.32 0.27 +70 +60 6 0.22 07027 0.17

—60 —50 3 0.25 0.20 +60 +50 4 0.24 0.18

—50 —40 3 0.31 0.24 +50 +40 8 0.24 0.074 0.18

—40 —30 14 0.28 07071 +40 +30 4 0.22

—30 —20 7 0.28 0.073 +30 +20 7 0.24 0.066

—20 —10 4 0.35 +20 +10 8 0.23 0.058

—10 0 5 0.36 0.096 +10 0 5 0.39 0.106

various authors. Giving all values equal weight, one
arrives at a mean error of one determination of +
0™.057 from an intercomparison of the results for the
same stars by different observers. All photo-electri-
cally observed B —V are shown in figure 1, on the left-
hand side. They were subdivided according to 4S, and
plotted against the galactic latitude. At a first glance
one gets the impression that there is a tendency to have
higher values for B—V at negative latitudes than at
positive latitudes. It may have been caused by a differ-
ence in zero-point. However, the reality of this ten-
dency is doubtful and in what follows no distinction
has been made between positive and negative latitudes,
nor between the subdivisions with respect to 4.5 and
period. The averages of B—V are given in table 9 for
different galactic zones. It goes without saying that it is
out of the question to subdivide the material according
to galactic longitude as well. Where five or more values
are given per zone of 10°, the average absolute residual
with respect to the zone mean is entered under {|r|).
The average r.m.s. deviation for an uncorrected B—V
is found to be 4 0™.09. The values of B —V will be
influenced by selective absorption. The amount of
absorption was estimated by assuming a smooth model
for the distribution of the absorbing material; a factor
4.1 was adopted for the ratio between the photographic
absorption 4,, and the colour excess Ez_y. It was
decided that only stars with |5] > 40° should be used
to compute (B — V'),, stars in the zones 20° < |b| < 40°
serving as a check. The intrinsic colours (B — V), thus
derived are given in table 9. Five different models were
tried. They represented the given data about equally
well, and the absorption model A4,, = 0™.19 cosec b

[l —exp (— 0.01 r sin )] was retained. With this
model the absorptions were computed where no photo-
electrically measured colours were available. The value
of 4+0™.19 was thus obtained for (B —V),. The values
for B—V, corrected for selective absorption, are plot-
ted on the right-hand side of figure 1. The tacit assump-
tion that our sample of RR Lyrae stars possesses one
definite value for (B — V'), need not be correct, but can
not be avoided.

11. The subdivisions and their dynamical characteristics

It is well known that the RR Lyrae variables are a
mixture of stars with widely varying dynamical char-
acteristics. It is obvious that for the determination of
absolute magnitudes it will be of advantage to divide
them into groups which are as homogeneous as pos-
sible in this respect. We cannot use the motions them-
selves for segregating them, because these motions are
to be used to determine their mean parallaxes; we
have to take recourse to some intrinsic property. The
most obvious quantity is the metal abundance. PRES-
TON (1959) has shown how this can be determined by
measuring certain line intensity ratios during the mini-
mum phase of the variable. They are expressed in a
quantity which he called 4S. The determination of 4S5
requires fairly accurate photometric measurements, at
a phase where the stars are faint. As a consequence,
values of AS are known for only about 58 per cent of
our stars, and in many cases the measures must be
uncertain. However, Preston has shown that there is a
fair relation between AS, period and amplitude (cf.
figure 5 in his 1959 article). We can make use of this
relation for a rough A4S classification of the stars for
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which AS has not been measured. In the following we
have divided the stars into two groups, according to
whether A4S is 5 or larger (low metal content), or smaller
than 5 (high abundance of metals). The variables for
which A4S is unknown were put in the first group if
they belonged to Bailey’s type a, and their periods were
larger than or equal to 0%.50, or if they had periods be-
tween 09.44 and 0°.50 and amplitudes larger than 1™.5.
According to Preston’s figure 5, 79 per cent of the stars
fulfilling these conditions have A4S > 5. The rest of
the stars of Bailey type a were considered as belonging
to the group with A4S < 5. In Preston’s sample 87 per
cent of these actually have A4S < 5.

It has long been known that the dynamical proper-
ties are correlated with the periods, the stars of longer
periods having the higher velocities. We have therefore
also made subdivisions according to period. This divi-
sion in different period groups has also been made for
the stars for which AS is available. It is interesting to
note that within each of the two A4S groups there is
still a pronounced change in dynamical properties with
period. A subdivision according to period and Bailey
type led to a slight decrease in the number of stars
which were available for P > 09.42 but with no signi-
ficant differences in the results. For the period interval
0%.42 > P > 092 the few c-type stars showed a higher
solar velocity than the few a-type stars but it is ques-
tionable whether this is significant; the results are not
given.

Because the numbers of known radial velocities in
the various subdivisions are too small to get meaningful
determinations of the complete solar motion vector, it
has been assumed that the systematic motion with res-
pect to the centre of the Galaxy was always a rotation
around the galactic axis, and only the amount of the
rotational velocity was determined from the radial
velocities. The latter were first reduced to the local
standard of rest by correcting for a standard solar
motion of 20 km/sec towards « = 270°, 6 = +30°.
The average value of O relative to the local standard of
rest was then computed from V. = (@) sin [ cos b.
These values of (@) are given in column 2 of table
12. The total solar motion and the apex were then found
by vectorially adding the standard solar motion. The
results are shown in table 11, under Vg 4 and D,
the numbers of radial velocities being added.

This way of arriving at the apex and the solar motion

can be criticized when the averages {IT> or {Z) are
not small compared with <{®)». We have adhered in
our solution to the a priori point of view that the stars
are so well mixed that the rotation should be the main
component, and that values for {II) or {Z)» which
turn out to be comparatively large reflect statistical
fluctuations. However, for the few subdivisions with
non-negligible {II) or (Z>, the classical solutions with
an independent determination of the apex, are also
given in tables 11 and 12 under subdivisions 14 and 15.

12. The mean parallaxes 7, derived from the
parallactic motion

Mean parallaxes can be derived in three practically
independent ways, viz. from the weighted algebraic
average of the v-components in the direction of the
antapex (mean parallax x;), from the average without
regard to sign of the 7-components perpendicular to v
(mean parallax =#,), and from the average without
regard to sign of the residuals in v which remain after
subtracting the projection of the reflected solar motion
in angular measure (mean parallax n;). The proper
motions were reduced to what they would have been
if the stars had a distance corresponding with a mean
magnitude 11.0 by multiplying by a factor 10°-2(m~11.0)]
where m is the mean photographic magnitude corrected
for absorption (both taken from table 7). The reduced
motions are indicated by the suffix 11.

The mean parallax n; is found from vy, =m Vg
sin A/4.74, where A is the distance from the antapex.
The weight of v,, is determined by the mean error of
the reduced proper motions ¢4, and the dispersion of
the velocities V, in the direction of the antapex. The
total mean error g, of the left-hand member of the
equation of condition is, therefore, given by el = e+
(n disp V,)?/(4.74)®. Here, n is the assumed mean
parallax for the RR Lyrae variables with m = 11.0.
The error we make in the assumed value will have, in
this case, a negligible error in the final result. The dis-
persions have been taken from preliminary reductions,
which are sufficiently accurate for the purpose. The
results are given in table 11 under ;. Any error in the
adopted V', enters fully into n;.

13. The mean parallaxes n, derived from the
components 7, ;

In each division the stars were divided into subgroups
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according to the mean error of the reduced proper
motions. The averages of the absolute values of the
reduced components have to be corrected for the statis-
tical error from the uncertainty of the motions. One
cannot correct each subgroup for its own statistical
error without running into a number of cases with
imaginary results. If one would reject these cases as
impossible ones, one would systematically cut off the
accidentally low values of (|r,4|>, and never the
accidentally high values. To avoid this, a plausible
mean value for {|ty4|)> was derived first, which was
then substituted for each individual mean. The mean
for a subgroup was corrected for statistical error when
the average error, #, of the motions of this subgroup
was smaller than 0.75{|ty4])>. In cases where it was
larger, the subdivision was rejected.

This plausible mean value was found in a somewhat
arbitrary way by assigning weights to the means for
each subgroup which for the best determined groups
diminished very slowly with average mean error, and
which for the worst determined groups were roughly
proportional to the inverse of the average mean error of
the motions for the group. The total number of stars in
a subgroup was, of course, also taken into account in
applying the final weights. After the corrections for
statistical error in each subgroup had been applied, the
final mean of the corrected <|z,;|) was computed
with weights given by the formula

et,c = 075 <|7"11|c> [1 +(71/<I111|c>)2]/\/na (2)

derived from the general statistical formulae ¢, = 0.75
[elf/n and © = (2212,
The errors in the factors by which the observed

motions have been reduced to m = 11.0 form another
cause which has made the dispersion in the 7,; com-
ponents too large. The mean error for a value of m was
adopted to be 4 0™.25, and the same value was taken
for the mean error in the absorption. From this we
arrive at a mean error in the reduced motion due to
these causes alone of -+ 16 per cent. This error has
caused the values of {|7,;|> to be too large by about
1 per cent, a small, but systematic error, which has
been corrected for.

For determining {|V,])>, the radial velocities were
first corrected for solar motion, using V', 4 and D as
given in table 11. It will be noted that errors in the solar
motion have only a negligible influence in this case. The
mean random radial velocity has to be corrected for
statistical error, which correction, due to the large
values of the velocities and the relatively small mean
error of a radial velocity (4 18 km/sec), is usually
small.

The mean parallaxes =n, are derived from 7, =
4.74 {ri4lo /L|VL> where {|t;4].> is the mean <z
corrected for the effect of accidental errors, and
{|V.]> is the average linear velocity in the direction
of the 7-components. A difficulty was encountered in
deriving the latter from radial velocities, in that it
appeared that the stars were distributed in such a way
that on the average the radial components made much
larger angles with the major axis of the velocity ellip-
soid (the IIT-axis) than the t-components. A sample of
the distribution of these angles for ¥, t and v is shown
in table 10. As a consequence of these systematic differ-
ences in distribution no reliable values of {|V,|), or
{|V,|>, could be obtained from the radial velocities

TABLE 10

Frequency distribution of angles between 11, ©, Z and the v-,
7- and V-components for six subgroups taken together

v, IT v, O v, Z T, IT 7,0 ., Z v, IT V, 0 V,Z
0°—10° 0 37 1 39 0 4 4 2 17
10 —20 1 65 3 73 0 20 1 13 27
20 —30 4 71 13 45 0 27 17 36 47
30 —40 12 44 17 49 0 41 13 31 34
40 —50 17 36 36 43 0 40 42 39 30
50 —60 27 21 40 39 0 44 46 37 59
60 —70 63 42 73 28 7 44 64 71 58
70 —80 80 15 80 18 92 52 73 58 47
80 —90 141 14 82 11 245 73 85 58 26
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without making an assumption concerning the ratios
of the axes of the velocity ellipsoid. We have attempted
to overcome this difficulty by excluding the z-compo-
nents making the smallest angles with the IT-axis and
the radial velocities making the largest angles with this
axis, so that for the remaining stars the average angles
for the t-components and the radial velocities are as
nearly equal as feasible. It appeared, however, that so
many stars had to be rejected in order to obtain even an
approach to equality that the weights of the results
were too seriously reduced. This was very evident by
excluding only one or two stars more. A new solution
would yield results which could vary by almost 50 per
cent. This is another argument to show that the uncer-
tainties in the motions are of great importance. We
have therefore made a second solution in which we used
all the motions, and reduced the radial velocities to -
components by adopting the axial ratios of the velocity
ellipsoid as found from the space velocities. This is
evidently objectionable, because the axial ratios so de-
termined are themselves influenced by the inhomoge-
neous distribution of the stars just described, but we
saw no better way. The systematic errors which this
procedure introduces into the mean parallaxes may
have been partly counterbalanced by applying the
same procedure to the v-residuals (cf. section 14).

It was noted that the parallaxes derived from the en-
tire material have a tendency to be lower than those
based on the material selected according to the direc-
tion cosines with the IT-axis. The former agree better
with the values ;.

To allow for the differences in the averages of the
squares of the direction cosines, {|V|) was multi-
plied by a factor f given by

cos? (z, M)y disp II + {cos® (z, @) disp O+ (cos’(t, Z)) disp Z

Z, the factors f are sometimes quite large, and the re-
sults must be considered influenced by the uncertainty
of these factors.

14. The mean parallaxes 7, derived from the residuals
in the v, ;-components. Relative weights of x,, =, and =,

The mean parallax being known, the residual com-
ponent v, is found by therelationv}; = v;(obs) —z Vo
sin A/4.74. One can substitute x,, or a properly weight-
ed mean of 7, and =, for =; the latter course was
adopted. The reductions were made in the same way
as in section 13. One needs the relative weights for x,
and 7, for the second solution. Mean errors derived
from the material turn out to scatter tremendously
which can only mean that they are highly unreliable.
The relative weights can be computed with the aid of
formulae published by RusseLL (1921). However, Rus-
sell in those days still neglected the effect of an error in
the adopted value for the solar motion, which we now
know to contribute substantially to the error in ;. In
addition one may doubt whether the corrections for
statistical error are known sufficiently well not to
influence the error in 7, or 7;. We have used the follow-
ing formulae derived by Oort (unpublished) for the
relative mean errors for n; and 7,

me. ofn; 1267, dispV  n?
- 0.72 7,

m.e. of 7, nv

VD
219 @)

(0]

In applying these formulae we took care to take into
account the difference in numbers of stars with known
radial velocities and with a known tangential velocity.

3

- {cos? (V, I)) disp II + {cos? (V, @)) disp @ +{cos*(V, Z)) disp Z’

where cos (z, IT) is the direction cosine of a 7-compo-
nent relative to the IT-axis. In order to determine f we
need the axial ratios disp @/disp IT and disp Z/disp II.
These were obtained from the space velocities com-
puted with the aid of the final mean parallaxes. The
dispersions used are given in table 12. In the second
solution, where all stars were used irrespective of the
orientations of t and V relative to the axes of IT, ® and

The factor 7/, was taken as 1 in computing the above
ratio. The weights for 75 were taken 30 per cent lower
than those for 7, because in 75 the uncertainty in ¥,
has a greater influence and an additional error comes
in through the uncertainty in the value of = used in
computing the residuals v’ ;. These relative weights are
given in table 11, the weight for n; being taken as
unity. The mean errors € for 7; and =, are given with
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the values for = taken from =; and =, respectively. The
mean error for 5 is computed with the aid of the esti-
mated weight and the mean error of r,.

15. The final results

The final results are given in table 11. The first
columns show the criteria used for grouping the stars,
the solar velocity V', with the number of radial veloci-
ties from which it was derived, and the assumed coor-
dinates 4 and D of the apex (cf. section 11). For =,
and 75 two different values are given: n (comp) is the
value found before the factor f (section 13) was applied,
7 (corr) is the final value after the correction for the
different influences of the velocity dispersion was taken
into account. It has often been found that a large sys-
tematic difference between 7; on the one hand, and 7,
on the other existed (WILSON, 1939; PAVLOVSKAYA,
1953b; Missana and PLAUT, 1963). These authors did
not take into account the effect of the ellipsoidal velo-
city distribution. Notn1 (1957) took this effect into
account and obtained small differences between the
various sets of parallaxes. In our results the differences
between 7; and =, or 75 are present to a small extent;
considering the mean errors, the difference is not ex-
cessive.

The absolute magnitudes shown in column {M)
were computed from the final mean parallaxes; the
mean errors were found from the final average mean
error of {mn). There does not seem to be any sys-
tematic dependence of (M) on metal content or
period, except for the small group of stars with periods
less than one tenth of a day, which appear to be about
4™5 fainter than normal RR Lyrae variables. These
stars have been excluded in the following discussion of
the absolute magnitudes. The group of stars with pe-
riods between one and two tenths of a day also seem
to be exceptional, but this is mainly suggested by the
appearance of the only negative M; we have considered
this as an accidental deviation. In no other subdivision
is there any suggestion of similar behaviour for this
type of stars.

The averages of the absolute mean magnitudes were
computed by combining the results from groups 1 and
2,4 to0 8, and 9 to 13, respectively yielding 90, 100 and
100 for the mean parallaxes in units of 07.00001,
corresponding to absolute magnitudes of 40778,

+1™.01 and 4 1™.00. The differences between the three
averages are due to differences in the total numbers of
stars used. As final mean parallax I have adopted
{m) = 07.00097 + 0”.00010 (m.e.), corresponding
to (M) = 4+0™93 4- 0™.22 (m.e.). The mean errors
were computed from the mean errors given for n, 7,
and 7, in table 11 for groups 1 and 2 (the other groups,
containing mostly the same stars, cannot add to the
final weight). The mean errors given for n;, 7, and 7,
were checked by comparing them with the differences
between the individual values of =, 7, and =5 in table
11 and the final average of 97 x 1073, taking the rela-
tive weights into account. The agreement was satis-
factory. The above value of (M) still requires a
small correction because it was computed from {M)
= m+-545 log <{n), while, strictly, it should have
been computed from (M) = m+5-+5 {logn). The
difference between (logn > and log {(n) depends
on the dispersion in log n due to the dispersion in
absolute magnitude and the accidental errors in the
apparent magnitudes and the absorptions. An applica-
tion of the formulae given by STROMBERG (1936)
yielded a very wide dispersion in the values of his
correction C?, which can only have the significance
that his formulae cannot be applied successfully in our
case. If we estimate the dispersion in M, due to the
causes mentioned above, to be 4 0™.5, then our esti-
mate for the dispersion in log 7 is ¢ = -+ 0.1. With
log {n) —(log n > = 1.15 6> we obtain a correction
of —0™.06 to <M ). Our final result for the mean ab-
solute magnitude is, therefore, +0™.87 - 0™.22 (m.e.).

16. Space motions

The parallaxes for the different groups described
in the preceding sections and given in table 11 under
{(n), were used to compute space velocity compo-
nents for all stars with a known radial velocity and
proper motion. These components are II and O,
parallel to the galactic plane, in the direction opposite
from the galactic centre and in the direction of the
galactic rotation, respectively, and Z, directed towards
the north galactic pole. The mean errors for these
components were supposed to stem only from the mean
errors in the proper motion components. Within each
group the weighted average value for IT, © and Z was
formed. These are shown in the columns 3-8 of table
12. The values for (@) as computed from the radial
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velocities alone are entered as well; there is a good
agreement in general. The dispersions in these velocity
components were found by taking 1.25 times the aver-
age absolute residuals with respect to the means, after
a suitable correction for the observational errors had
been applied. This correction was applied in a manner
completely similar to that described in section 13. The
dispersions are given in the columns 9-14 of table 12.
If we use as mean absolute magnitude for all stars,
except the group with periods less than 0.1, the value
+0™.9, we find different values for the space velocities.
Their means and dispersions are found in table 12,
columns 15-26. In table 7, the latter space velocity
components are entered under the headings II, ©
and Z. Furthermore, the differences between the space
velocities computed from the assumptions (M) =
+0m.5 and (M) = +0™.9 are given under AII, 40
and 4Z. The results for (@) and the velocity disper-
sions fully confirm what has been found by previous
authors concerning the relation between 4SS and period
on the one hand and the dynamical characteristics
on the other. However, because of the new data on
proper motions the present results are of greater
weight. It should be noted that within each of the two
AS groups there is a very pronounced increase of
—{®) and of the velocity dispersions with increas-
ing period. The group of stars with a directly meas-
ured value of 4S > 5 and periods between 09.6 and
0%.8 have the most extreme halo population II charac-
teristics, with (@) = —240 4 28 km/sec and disper-
sion ¢ = 170 + 35 km/sec (m.e.). A preliminary dis-
cussion of the motions of the RR Lyrae variables,
based on our provisional results, has been given else-
where (OORT, 1965).
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17. Comparisons with previous results

In this section we will give a few of the modern
determinations of the parallax and the mean absolute
magnitude of the RR Lyrae stars.

As was already remarked in section 15, we believe
that the discrepancies found by several authors be-
tween m; and 7w, are mainly to be attributed to the
neglect of the ellipsoidal character of the velocity dis-
tribution. Notni has applied the appropriate correc-
tions; we do not, however, fully agree with all of his
selection criteria, especially since he used kinematical
criteria to select stars for different groups, while all
our knowledge of the parallaxes depends on these
same kinematical data. Another source of differences
between our results and the ones published before is
our treatment of the apparent magnitudes. For the
globular-cluster RR Lyrae variables, SANDAGE and
KATEM (1964) found M, = +0™.42 4 0™.08 (m.e.) ex-
clusing M 13 where the only two RR Lyrae variables
observed are about half a magnitude brighter. They
used accurate photo-electric photometry of many stars
in M3, M 13, M 15 and M 92, applied Hoyle’s evolu-
tionary corrections as well as reddening and blanketing
corrections and fitted their data to the Hyades main
sequence, resulting in distance moduli for the various
clusters investigated.

ARP (1962) has found for the cluster variables in
M3, M, = +0™.6 + 0™.2 (m.e.). He also used accurate
photometric data and fitted the M 5 main sequence to
a Hyades main sequence.

EGGEN and SANDAGE (1959), from four variables,
derived M, = +0™.6. They made use of the presence
of RR Lyrae variables in stellar groups for which a

421 42 Ty
Author (07.00001) myg (M,
WILSON (1939) 80 135 10.5 +0.15 P<1¢
PAVLOVSKAYA (1953 b) 80 123 10.9 +0.52 P<1%4
Nortni1 (1957) 163 164 134 10.0 +0.87 Large-velocity stars
10.0 —0.24 041 <P<o0d2
650 820 10.0 +4.55 P<0d1
Missana and PLAUT (1963) 97 150 11.26 +0.38 02<p<0i4
80 131 11.03 —0.06 004 <pP<0ds
77 105 11.30 —0.06 0d5<pP<oi6
50 115 11.25 —0.76 P>0%6
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parallax could be derived from proper motions and
radial velocities.

Results from other authors are given in the table,
with m, the mean photographic magnitude towards
which the proper motions were reduced.
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Note

After our manuscript had been completed, we re-
ceived an advance copy of a paper by C. Sturch, which
is to appear shortly in the Astrophysical Journal. In
this paper, Sturch has introduced a new parameter
8(U —B), which can serve as a substitute for Preston’s
AS. For those stars which our lists have in common the
following results are found from the space motions
derived from M, = +0.9.

n <P {6(U—B)> A4S n y.e> disp {Bg.9» disp Z> disp
(km/sec)

13 0%61 07041 8.3 11 —10 91 —157 130 —12 118

33 0.56 0.088 6.5 29 +13 174 —170 110~ —20 100

16 0.46 0.140 3.7 13 + 8 108 —103 95 —22 88

7 0.39 0.19%4 1.3 7 + 7 69 — 47 91 — 6 44

The first two lines yield a result comparable with lines
11-13 of our table 12. The third line is comparable
with line 10, the fourth with line 9. It is tempting to
make a subdivision according to period as well and
for this purpose the material of the first two lines was
taken together. The relative error in the 6(U —B) will

be comparatively large for these stars so thata com-
bination seems advisable to increase the number of
stars. The results are given below. It will be noticed
that the outcome is now different from the trend
shown in lines 12 and 13 of table 12.

n P {6(U—B)> ’ 48> n .o disp (By.s>  disp {Z> disp
, (km/sec)
16 : >0‘.‘6 07058 8.3 15 +23 135 —139 108 +27 112
30 <0.6 0.098 6.2 25 — 2 160 —181 119 —42 95
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