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growth in experiments lasting 3'/, hours; that drawn in full repre-
sents the growth in experiments of 7 hours. At and above 35°
practically no growth takes place in the second period of 3'/, hours.

In conclusion the temperature coefficient has been calculated for
intervals of 10° vrelating to the observations during 3!/, hours.

We see, as has been indicated by CoHeN Stuart!) in his study of
the subject, that vax ’r Horr’s rule at most applies only over a
small range; for the rest the coefficient falls with rise of temperature.

Otrecht, April 1916.  Botanical Laboratory of the University.

Astronomy. — Determination of the constant of Precession and of
the Systematic Proper motions of the stars, by the comparison
of Kustner’s catalogue of 10663 stars with some zone-catalogues
of the < Astronomische Gesellschaft’”. By C. pe Jona. (Com-
municated by Prof. E. F. van pi SANDE BAKHUYZEN).

(Communicated in the meeting of April 28, 1916). -

1. Introduction. ,

The research, the vesults of which will here be given in an
abbreviated form, originated in a subject for a prize essay which
the University of Leiden gave out in 1914, that of determining
the constant of precession and the systematic proper motions by a
comparison of Kistyer’s Catalogune of 10663 stars (Veroff. Bonn
N°. 10) with Zone-Catalogues of the “Astronomische Gesellschaft”.
The essay which I wrote, was awarded the prize by the Faculty
of Natural Science in Leiden. Prof. E. F. vax pE SANDE BakHUYZEN
then suggested to me to continue the research and make it into a
compiete whole by using all the available material, i.e. that for
which the difference of epoch with KéstNrr is not too small, and
reducing it in a strictly systematic manner; this suggestion Ifollowed
willingly.

It is indeed of importance to derive the constant of Precession and
the elements of the motion of the sun from the above mentioned
material; it is the only combination of catalogues with, at all con-
siderable difference of epoch in which, for both, the magnitude-error
has been eliminated or determined with sufficient accuracy. For the
zone-catalogues of the Astr. Ges. two determinations of the error in

*7) C. P. Comen Stuarr. A-study of temperature coefficients and van 'r Horr's
rule, Proc. Kon, Akad. van Wet. Amsterdam, 1912.
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question have been made by Auwess, while researches also have
been carried oat at Leiden for the zone observed there. KUsTNER,
by placing gauze screens in front of the objective of the telescope,
has eliminated the error in a very satisfactory manner. Moreover
I had the privilege of discussing various difficulties with Prof.
Baknuvzen himself, and of experiencing his continued interest in
my work, for which I take this opportunity of thanking him very
sincerely.

/

2. Material used.

With Kustner’s Catalogue (Aequin 1900) the following zone-
catalogues of the Astr. Ges. (Aequin 1875) were compared in R.A.
and Decl. :

1. Berlin A, Decl. ++15° to - 20°;
2. Berlin B, , 20° , - 25°
3. Leipzig I, ,, +10° ,, 4 15°;
4, Leiden, s F+30° ,, F35° 1

The positions of the latter were reduced from 1875 to 1900 by
means of the mean of the precession-values given in the two
catalogues (constants according to PETERS-STRUVE). KiisTNER’S catalogue
(Kt) proved to have the following numbers of stars in common
with the zone-catalogues, with the epochs as given:

Number of stars  Epochs Difference of epochs
Be A 768 1870,5—1896,5 26,0 years
Be B 812 1881,0—1897,0 16,0 ,,
Lei I 711 1874,3—1896,45 22,15 ,
Leiden 926 1873,8—1898,0 24,2,
Catalogue Berlin Brckir (Be B) has only a small difference of

epoch with K#stNEr, but its great accuracy compensates this to a
- great extent.

3.  Immediate results of the comparison.

To the differences Ae and Ad Ki—A.G. found directly by the
comparison various corrections had first to be applied, in order to
make them suitable for furthér discussion. These corrections are the
following :

1. The reductions of the A. G. catalogues to the system of Auwers’s

Sundamental Cutalogue of the A. G. These were assumed according -

1) The comparison with Leiden in R.A. had been made before at the Leiden
Observatory; I was able to use the results,

5\
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to Acvwers's tables occurring in A.N. 3844, with the exception of
the A.R. Leiden, for which the magnitude equation lately deduced
by Dr. E. F. v. p. S. B. was adopted;?)

2. the reduction of Kii to the Fundamental system of Avuwegs,
only needed for the Decl. and applied according to the table in the
introduction to Kustnur’s Catalogue, p. 35;

3. the variation during the difference of epoch of the reductions
La, and Ad, of Auwkrs’ old Fund. Cat. to the new Cat. of the
Berliner Jahrbuch (A.N. 3927);

4. the variation during the difference of epoch of the corresponding
reductions Aea; and Ad;.

Reductions 1 and 2 were introduced everywhere completely, 3
was not immediately applied to the results of the comparison, while
of 4 only parts were added to the coordinate-differences found. Besides
1 and 2 the following corrections were applied on account of +:

a. to the differences Ki—A.G. in R.A.: r

Be A + 0°020 instead of 4 00205
Be B » +0.012 » + 0.0128
Lei 1 4+ 0.018 ,, » = 0.0185
Leiden 0.000 ,, » -+ 0.0202
b. to the differences Kii—A.G. in Decl.
Be A — 0"25 instead of — 0"25
BeB - —0.14 ,, — 041
Leil 0.00 ,, » — 0.22
Leiden 000 ,, —0.21

The remaining parts of 4 were brought into account after the
solution of the equations. For Be A use is also made of the “Reduction
der aus den Zonenbeobachtungen abgeleiteten Deklinationen auf
A. G. C.” occurring on p. 131 of the Introduction to this Catalogue.
The corrections 3 are solved separately.

From the differences in ¢ and d thus corrected various means were
formed. In order to be able to test the influence of the magnitude
of the stars used — either on account of remaining magnitude-errors
or of cosmic influences — upon the constants derived from them,
groups according to magnitude were formed, and that for each hour
of the right ascension separately. In this it proved preferable, on
account of the limited number of stars, to confine ourselves to #wo
groups according to magnitude. The division was made according
to the magnitudes given by Kii; the magnitude 8.50 was taken as
the limit. Thus

1) Annalen der Sternwarte in Leiden, 9, 386.
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1. a “bright” group, called group B.

2. a “faint” group, called group F.
were formed.

Further the ever difficult question of the exclusion of stars
had now to be weighed. Nrwcoms, in ‘his deduclion of the
precessional constant from the Brapiry stars, excluded all stars with
proper motion above certain limits depending upon the magnitude
and entirely ignored these. In this way he loses more than !/, of
the whole number of stars. In the reduction of the material of this
paper it did not seem advisable to confine oneself to this method.
Besides the deduction of the results in NEwcomB’s manner I made
a second calculation practically without exclusion, that is, only some
extremely large differences were execluded. The work was therefore
done in two ways: )

1. all stars (with the exception of a few very large differences)
are used; solution 4;

2. stars with P. M. above certain limits are excluded : solution 7.

There were, therefore, four solutions made: BA, BE, FA, FE.

Excluded unconditionally were: (see 1):

in BeA all stars with Aa>05 or Ad>T7"5;
m BeB ,, » Da>035", Ad>50;
m Leil , ., 5 La>04 ,, Ad>6.0;
in Leiden ,, » Bae>05 ,, A>T,

These are altogether only about twenty in number. Moreover,
in all four catalogues the double stars are unconditionally excluded,
being respectively 18, 31, 15 and 37 in number. It is unnecessary
to point out that this last exclusion is certainly justified. As regards
the unconditional exclusion on account of too large differences it
may be further remarked that in this the two coordinates have
also exercised an influence upon each other, as stars with too great
a Au are also excluded in'd, and vice versa. In this way the A
groups were formed.:

For the Egroups the following values are accepted as the greatest

Limits for the E-groups.

Catalogue |4thmagnitude m‘ggn_itﬁge 8thmagnitude(9thmagnitude
~ Be A 0520 370 | 0S15 272 | 0512 18 | 0S10 175
Be B 0.12 1.5 | 0.10 1.5 | 0.08 1.5 | 0.06 1.5
Lei I 0.20 3.0 0.‘15 3.0 { 0.12 3.0 { 0.10 3.0
Leiden 0.20 2.5 | 0.20 2.5 | 0.20 2,5 [ 0.20 2.5 - -~
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allowable proper motion dnring the interval between the epochs.

In this the two coordinates have had no influence upon each
other; a star which had to be omitted in the computation of the
E-mean of the Ae on' account of too large a value was not exclu-
ded from the Ad on thal account. In this way in forming the
E groups for each catalogue about 100 stars were excluded.

As in the discussion of the results from the comparison between
Kii., and: Be A a great difference became apparent between the
values of the precession-constant m derived from the bright and
from the faint groups (that is from BA and BE on the one hand
and from FA and FE on the other) it was thought desirable to
institute a further research into this point. For this purpose the
fainter group in Berlin A was split into two, one between magni-
tude 8.50 and 9.15, the other below 9.15. For both groups, called
F, and F, solutions A and E were made. In the following table
these groups are found as F,A, F,E, F,A and F,E.

As already said, in the formation of the E groups the two coor-
dinates had no influence upon each other. The opposite point of view
might also be defended, while it may be said in favour of the method
here followed, that it is illogical to exclude stars from one coordi-
nafe because of a large accidental error in the other. In any case
it seemed desirable to see what would be the influence of the exclu-
sion, also according to the other coordinate. This was done for the
R.A. of Berlin A; for this catalogue E'groups were formed for
which the same exclusion-limits were used as in the K groups, but
in which exclusion also took place on account of the other coordi-
nate. The groups formed on this principle are called BE' and FE.

In the following table I have collected the lLourly means formed
after the different principles; in this table O" means the group from
23130m to 0"30m™, ete. while under n the number of stars used is
given. The unit is in the R.A, 0s.01, in the Decl. 0".1.
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MEaAN DIFFERENCES Ku—AG.

1) Berlin A4, Right-Ascensions.

Hour B4 BE F4 FE

be n Aea n Aa n Ae n

.0 + 9.15 15 +3.72 11 —1.30 12 +2.42 9
1 | +10.00 10 40.92 4 4442 14 —019 11
2 | 458 12 | 4607 10 | —0.01 14 | 4021 10
3| 4+22 9 | 4222 o | 4246 10 | -+0.8 9
4 -4-10.56 14 -+6.16 11 +2.85 10 - 0.58 9
5 | +250 15 4207 12 1260 15 42.60 15
6 — 1.01 23 —0.04 22 —0.25 23 +4-0.72 19
71 +24 1u +1.42 10 | 4251 19 | 4055 17
8 — 3.58 15 —1.67 14 —1.55 24 —0.73 21
9 — 136 17 —0.44 15 -+0.31 18 —179 15
10 — 3.8 12 —3.89 12 —5.66 21 —2.44 17
11 — 5.70 12 -2.82 10 —1.80 20 —6.19 16
12 —12.02 8 —4.68 5 —6 83 17 —4.24 14
13 -—-5.94 11 —5.94 11 —6.03 19 —4.52 17
14 —13.89 13 —8.22 8 —4.73 18 - 6.42 16
15 — 7.00 8 —1.00 8 —4.13 23 —3.06 17
16 —4.16 1 —2 317 10 —5.43 22 —4.22 20
17 — 4.8 14 —1.92 12 —0.81 22 —1.28 20
18 — 0.26 13 —0.26 13 0 96 19 —1.73 18
19 -0.82 10 -+0.63 9 —1.34 19 —1.34 19
20 - 2.08 17 —2.08 17 -0 54 21 —-+0.54 21
21 4+ 1.72 13 -+0.66 12 -+2.65 22 +1.24 20
2 | 4462 10 | 4462 10 | 409 20 | —0.22 19
23 + 529 10 —0.04 1 —0.18 17 +0.67 11
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Hour FA FE FA FE

Aa n Aa n Ae n Ae n

0 —2.78 6 +2.62 4 -+0.18 6 -|-2.26 5
1 -+5.57 6 —2.34 5 +3.55 8 -+1.60 6
2 —1.49 1 --0.13 6 -+1.28 8 -40.32 4
3 +4.07 6 +1.46 5 40.05 4 40.05 4
4 +3.61 7 —1.40 6 --1.07 3 +1.07 3
5 | 4222 10 +2.22 10 4364 5 13.64 5
6 | +1.51 9 +0.79 T —1.38 14 10.68 12
7 +1.23 10 41.23 10 +3.93 9 —0.43 T
8 —2.01 11 —2.01 11 —1.16 13 —+-0.68 10
9 —0.21 8 —3.70 6 -0.73 10 —0.52 9
10 —5.88 8 —2.62 5 —5.14 14 —2.31 12
11 —6.27 7 —4.98 5 —8.64 13 -6.74 11
12 —7.69 11 —3.49 8 —5.,23 6 —5.23 6
13 —5.27 13 —4.13 12 —17.31 6 —5.04 5
14 —6.77 6 —6.71 6 -3 12 —6.21 10
15 —4.67 6 +—2 36 5 —3.94 17 —3.35 12
16 —6.81 8 —5.66 1 —4.71 14 —3.53 13
17 —3.07 10 —1.53 9 -+1 07 12 106 1
18 —3.14 10 —3.14 10 ~+1.46 9 +0.04 8
19 —0.07 12 —0.07 12 -—3.53 1 —3.53 B
20 10.38 12 40.38 12 4076 9 40.73 9
21 +3.08 13 +2.12 12 +2.32 9 + 26 8
22 —1.31 11 —1.31 11 +3.72 9 +1 29 8
23 —2.82 8 +0.67 3 +?.18 9 . +0.68 8
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2) Berlin A, Declination.
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3) Berlin B, Right-Ascension

Hour B4 BE F4 FE

La n ha n Aa n Aa n
0 -+2.70 8 -+1.10 1 —+0.12- 20 -0.17 18
1 +2.57 15 -+1.16 12 +2.27 |, 19 +0.01 16
2 | 420 1 —1.94 5 —1.30 29 —0.73 15
3 —+2.37 13 '-|—0.27 12 —1.14 19 —1.53 17
4 | 43.35 23 +2.46 20 +1.42 13 40.53 12
5 | +3.53 15 4172 18 42.96 15 42.65 13
6 —+0.10 21 -+0.91 20 —2.29 19 —0.08 13
1 -+0.00 19 -}-0.00 19 —1.08 18 —0.72 17
8 -+1.29 15 —0.67 14 —0.81 15 —0.68 13
9 —S.Ql 12 - 0.58 10 —1.35 22 —0.41 21
10 -2.93 12 —1.84 9 —2.06 16 —1.59 15
11 —3.21 1 —-3.21 1 —3.29 21 —1.97 16
12 —3.22 9 —3.22 9 —4.62 24 -1.32 15
13 —4.41 12 —4.41 12 —0.87 19 —0.15 13
14 —2.70 1 —2 70 11 —-4.72 20 —3.48 17
15 —2.15 8 -2.15 8 —1.42 18 —1.77 17
16 —0.79 8 0.79 8 -+0.42 20 -40.69 15
17 —1.317 12 —1.74 10 —1.74 30 —1.72 28
18 3.18 20 —2.64 19 —3.07 16 -3.22 11
19 —0.11 24 —0.19 20 - 1.78 16 —1.30 15
20 -+1.79 17 -+1.79 17 ~0.03 12 —0.03 12
21 | +1.21 15 +1.12 13 —0.31 17 40.95 15
22 +3.72 16 -+-0.68 14 —1.09 17 —0.93 15
23 | 4121 12 4121 12 —0.11 17 —0.13 13

-11 -
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4) Berlin B, Declination.

Hour . B4 BE FA FE |

Ad n Ad n Ld n Ld n

0 —4.75 8 —1.15 6 —5.06 22 —4.2 19
1 -6.05 15 —6.05 15 —10.0 19 —-8.0 16
2 —6.15 7 —6.75 1 —6.3 19 -1.7 15
3 —5.65 13 —4.05 12 — 4.1 19 —~3.5 18
4' —8.3 23 —-5.95 19 — 8.7 13 ~1.7 12
5 —8.45 15 —8.45 15 —10.0 16 —1.1 13
6 —4.715 21 —475 21 —98 19 —~7.0 17
7 —8.55 19 —5.55 15 —8.8 18 —7.7 16
8 —5.35 15 —5.35 15 —6.6 15 ~5.3 14
9 —17.35 12 —2.5 9 —~2.9 22 —3.9 21
10 —5.85 12 —2.45 10 —53 16 —4.5 15
1 —8.65 7 —4.95 6 —9.2 20 —6.8 17
12 —3.45 10 —3.45 10 —9.4 24 —5.6 19
13 —6.35 12 —5.25 11 ~11.4 19 —6.3 13
14 —6.25 11 —6.25 11 —4.9 20 —4.3 19
15 -5.65 8 —5.65 8 —57 18.| —5.1 18
16 - 6.9 8 —3.25 7 —6.4 20 -5.2 18
17 —4.4 12 ~0.05 10 —2.3 30 —-1.3 29
18 —4.85 20 —2.95 17 —71 16| —64 15
19 —4.25 24 —3.25 20 —53 16 -5.3 16
20 —0.15 17 —0.15 17 —43 12 -2.1 11
21 -2.05 15 —0.65 14 —39 17 —3.9 17
22 —4.05 16 —4.05 16 —4.9 17} -39 16
23. | —1.85 12: —3.15 1 —95 17.| .—8.65 16

-12 -
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5) Leipsig I, Right-Ascension.

e T ]

Hour BA * . BE F4 FE
N Le n Aea n A n L n
0 - 1.60 15 —1.58 13 ~1.713 18 —0.18 1l
1| 4031 7. 403 1.0 —12 22 +0.25 18
2 | 41070 7 +18 5 +1.80 15 —0.19 12
3 | 4338 10 —120 8 ~188 12 —0.82 II
4 | 4828 13 +37 10 40.22 16 —0.28 12
51 —006 9 ~0.06 9 +5.8 23 43.44 20
6 | —o0.2 17 +2.24 15 1106 25 0.8 23
7] —1.82 1 1.62 11 —1.68 15 —1.68 15
8 | —1797 15 —6.06 13 —2.58 16 ~1.92 18
9 ] —602 13 —3.56 11 —0.32 12 —3.04 10
10 | —900 10 —6.15 8 —3.32 11 —3.32 11
1 | —633 9 411 8 —~7.28 16 —5.35 14~
12 | —11.04 5 —9.95 4 504 16 —4.99 15
13| —a8 11 —6.3¢ 8 —1.5¢ 15 232 14
4 | —4.06 10« | —432 8, —4.06 20 —4.21 19
5 ] —018 8 —0.18 8 —4.24 13 ~3.05 10
16 | —4.90 10 —490 10 —5.40 20 —3.8 18
17 | —333 14 ~333 14 —6.00 14 —35 12
18 | —29 14 £2.02 14 —4.33 15 —2.90 4
19 | 4216 15| -H.46 14 —240 26 —1.69 23

20 | +1.08 13 41.08 13, | —0.10 22 40.10 20
21 | 429 22 41.80 20 H432 17 42.88 15
2 | 4245 12 +4.06 11 —0.73 23 —0.02 22
23 | —113 1 | 4071 6| —1.20 19 —0.57 15

-13 -
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6) Lepaig 1, Declination
W
R e __T0 e e

Hour BA BE FA4 FE
a%i) n Ad " Ad n Ad n
0 4-1.47 15 +1.47 15 4431 13" | L4431 13
1 +49.29 i +45.117 6 4 2.36 22 4+ 2.36 22
2 +5.71 7 +5.71 1 + 0.07 15 + 007 15
3 -+1.90 10 +1.90 10 — 6.75 12 — 6.7 12
4 —5.23 13 5.23 13 — 600 16: — 6.50 14
5 —1.89 9 —1 89 9 — 9.26 23 — 8.28 22
6 +1 94 17 —0.62 16 — 256 25, — 2.56 25
7 —2.82 11 —2.82 11 — 0.93 15 —0.93 15
8 —5.67 15 '—5.67 15 — 6.69 16 — 6.69 16
9 —17.38 13 —5.42 12 —10.00 12 —10.00 12
10+ +-2.40 i0 -+-2.40 10 -7.82 11 —7.82 11
11. —+2.11 9 +2.11 9 — 6.12 16 —6.12 16
12 +2.00 5 ~+-2.00 5 — 0.62 16 — 0.62 16
13 —4.64 11 -+0.50 10 — 6.671 15 —4.93 14
14 -| -0.20 10 . --0.20 10 . — 3.50 20 — 3,50 20 -
15 437 8 | —0.8 1. | —1.69 13 +1.00 12
16" | +5.60 10 45.60 10 —4.35 20 | —2.95 19
17 —6.28 14 . —6.28 14 ~— 6.57 14~ —3.69 13
18 +2.7 14 +2.7 14 - 0.93 15 —0.93 15,
19 +1.00 15 . --1.00 15 — 2,73 26 =152 25,
20 +5.15 13 -+5.15 137 — 171 22 - 177 22
21 —+5.55 22 -+4.29 21 —+ 112 17 A 112 17
22 +0.17 12 40 17 12 +a100 23° - 1.09 23
23 —0.29 1 —0.29 7 — 2714 19 —2.74 19

-14 -
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7) Leiden, Right Ascension.
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= 0.30
112,60
S —9.27

‘3.5

to— 2.22

044
= 3.08
= 2.21
= 0.27 -
J- 0.4

16-.

C12%)

14 :

10
15 -
18

19 70

18"
14

16_J

"16 5!

17 .-

:12
11,
14
22 .
247
13
9.
13

1 2.33 .

©4-10.28
= 5.00
+ 1.7,

: —3.48
—1.15
L1z

| — 2.06

— 0.34

—3.42

— .5.07‘

= 1.94
les
0.8
©—10.07 -

=518 -
. 1.96

= 6.23
- 1.82
—1.79
2.7
— 2.2l
—0.21
. 0.40

‘© 0 a M =

21
13

11 :

-15

+ 2:91
+129
+0.95
"—_5.14

+.1.89
~.0.08

—.0.10
107
=241
=338
- —3.90

+—.6.91

— 8.98"

— 5.36
~12.26

$2:10.63

— 6.14

'~ 3.70

—2.30
— 0.36
— 060

+:4.69
4 1.97.

~—2.79

11,24

. +3:89

+0.95

4.2

,—0.08 )

- —0:10
—1.08
—148

—2.12

. -‘;;2;.92/‘

—4.18

=7.30

—3.53
—7.44
—-9.02
—2.87
—4.04 '.

230
—0.36

-14.69
+1.97
—2.08

20
17

- 16

21

11
24
‘ ‘17:.
.
23
24,
2L
19:
15 -
' 23‘\,‘:; '
22..-
22 .
24.
23/
17
8,
»
20 .
16
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S ; L .+ 8) Leiden, Decliﬁation. o
Hour | B4 | ~ BE FA - . FE
-Ad n | AdF . - n SV U JAdL
0 — 250 12 |, —2.A50 12 —2.4 - 21 ' 40.31 18
1| 4017 18 |- —te2 17 | =232 17 | -276 15
2| —a8 11 |, -85 17 | —08 16 | —0.88 6
8 | —1002 14 | —841 138 | —612 23 | —22 20
4| <97 10| —075 10 | ~9.95 18 | —6.28 14
5 | —13.51 15 | -850 12 | —582 24 | —47 22
6 | —634 18 | -840 16 | —5.80 T —5.80 17
7] = 537 19 f4.33 18 - —2.73 o | —1.95 2l
8| —os 18 | —30 .15 | -256 2 | 334 2
o | —55 14 | —1.88 12 | —1.98 25 |.-0.98 24
10| —606 17 | —431 15 | —6.85 23 | —2.68 20
| L4z 167 —3.00 15 _22 2 | —03 2
12| —224 17 | —1.00 - Mol 4 1s 0.8 14
15 | —s0 8 | —sw 8 | —sss 32 | —24 2
14 | —es 1 | =550 2 | —0ds 84| -0.07 30
15| +48 1 | 4482 11 | - .33 21. | —0:83 21
16 | —68 11 |. 4089 .9 | —0%5. 28 | ~L09 23
1| 409 10 | 4112 8 412 26 | —0.86. 22
18| 33 4. 4081 13 | .—1.26 238 | —1.43 21
19 | —121 2 | 400 21| —2.44 17T —2.44 17
20 | —47 2 | <3.04 23 | =103 19 [.—02 1T
21 | =04 1 —041 11 _0.10 20| +0.08 18
2 | —62 9 | —628 9 | —155 20 | —08 19
23 |+ yo_.14‘\ 14 —1.36 11 —3.67 18 —1.35 17
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4. Method of discussion the wresults. Solution of the equations.

In order to render the determination of the constants as simple
and as systematic as possible, and thereby to be able to conveniently
make use of the results obtained in a previous research hy Dr.
E. F. v. p. Sanve Bagauyzen and myself concerning the influence
exercised upon the determination of the constant of Precession and
the systematic Proper-motions by the connection between the value
of the parallax of the stars and their apparent distance from the
galactic planc®), the hourly “means were represented by fonmu]ae of
the® form :

DAe=—=a+bsina+ceose . . . . . . (1)
Ad=d + Vsme+cesa . . - . . . (2
and the values of the coefficients were deduced from these equations.

The same weight is given to all hourly means everywhere, in spite
of the sometimes considerably diverse number of siars upon which
they are founded. By this means we gained the very material
advantage that all the inequalities depending upon the sines or
cosines of multiples of ¢ become eliminated.

Moreover the centennial yariations of the reductions Acu and
Ad, of Auwers's Old Fund. Cat. to his néw one were developed in
formulae of the same form. These expressions, as being probably
known with_ sufficient accuracy — which was doubted at_first —
were added to the corresponding terms of the formulae (1) and (2).

The following table contains the values of the coefficients of both
formulae per 100 years; in this the centenmal variations of the
reductions Ae, and Ad, have been taken, into account.

In order to facilitate the further calculations, instead of the coefti-
cents b and ¢, the quantities bcosd and ccosd are given in the
table. The results are all ‘expressed in seconds of arc.

1).These Proceedings. 18, 683—695.

- -
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COEFFICIENTS OF THE FORMULAE FOR A ¢ AND A ¢ PER CENTURY.
M

. Catalogue B4 | BE | BE FA | FE | FE | FRA| FRE | Fod | FRE
1) COEFFICIENT a l
Be A _ 0"25|—0727|—0724)| —0762/—0"66|—0"55—0"88|—0"77|—0"41—0"54
Be B —+0.061—0.45 —0.92|—0.58 -
Lei I 0.93/—0 90 —1,15}—1.00
Leiden ->1.14}—0.65 —0.39{4-0.16
11) COEFFICIENT b cosd
Be A -+1.33-4-0.87]-40.79)}+0.58/+0.41/-4-0.33
Be B 40 68/4-0.40 +0.34/-40.36
Lei I --0.10(~0.09 -1-0.901+-0 32
Letden -1-0.18/-+-0.22 +0.39/4-0.22
11I) COEFFICIENT ¢ oS & ) !
Be A +4.23|4-2.38/-+-2.41}| 2. 13+1.62+1.59
Be B 2.801--1.80 +1.37-0.71 ®
Lei I —-+3 66|-2.96 —+1.73+1.72
Leiden --2.19/-1.40 -+2,56|4-1.92
1V) COEFFICIENT &’
Be A —1.52{—1.29 —2.55/~2.01
Be B —3.39|—2.49 —4,22|—3.44
Lei I —1.10(—1,20 ~3.23—3.03
Leiden —2.09|-—1.54 —1.40/—0 78
V) CoOEFFICIENT & .
Be A -0.68|—0.38 -0.67—0.29
Be B —1.10{—1.05 —0.88{~0.77
Lei [ —0.84|—0.82 —0.82|—1.09
Leitden ~—1.69/—1.27 —0.81|—0.67
VI) CoEFFICIENT ¢’
Be A +0.02{-}-0.03 -0 0314-0.11
Be B +4-0.674-0.19 +-0.21]—0.23
Lei'l +-0.84{+0.58 -+1.22/+1.05
Leiden . --0 18—0.31 --0.06{ 0.12
. 6

Proceedings Royal Acad. Amstetdam. Vol. XIX.

\

:

~
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3. Correction-lerms.
The following relations now apply '):
a=0m -0.04 Xsind -4 022 Y sind
beosd = Ansind 4 0.93 A — 0.04 T cos*d
_ccosd= — (0.98 ¥ + 0.20 Y cos* & — 0.04 X cos® ) -
W = —0.98 Zos 0 — 0.10 Z c0s* —0.21 X cos dsin® 6—0.08 Y cos d sin® d
' =0.98 Ysind 4 0.04 X cos® dsin & + 0.08 Z cos® d sin d .
¢ = An +0.93 X sin 5+ 0.20 X cos*d sind+- 0 04 Yeos* f sind -+ 0.43Zw0s°d sind
where Am and A4n represeni the corrections of the constants of
precession m and 7 and X, ¥, Z the components of the motion -
of the sun.
The following are considered as correction-terms:

e

in a : the terms that do not depend upon Am B
,, bcosd: |, . s N ,, ApnandX
y CCoSd: ., » s » » Y
— Dy, ' v v a » » L
n b . » » sy » » Y
S 2 R S, " »  LAnand X
These oo:-re%ion-terms are calculated by means of valnes for the
constants deduced from a preliminary solution: .
B-groups F-groups
- X=-+410"43 4+ 0"43
Y=-—-2"4 —1"6
Z=-+1"9 + 25

They are then subtracted from the immediate results of the -
equations. The following table contains the results thus corrected.
(See p. 83).
The figuves in this table will now serve for the determination of
the constants of precession and solar motion "Am, An, X,Y,Z, the
actual unknown quantities of our problem. For this purpose, however,
"the relative weights of the differences in e and J between KisrNer
and the four zone-catalogues must first be deduced-

6. Relative accuracy of the differences formed. Weights to be
attributed to them. _

Auwers *) gives a table of the mean errors of the various zone-
catalogues of the A. . deduced from a comparvison with Roasrgre.
There are also values for the mean errors given in the zone-cata-
logues themselves. Both are given below p. 84.

¢

1) These Proc. 18, 684, 693
%) Astron. Nachr. 3842—44.
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4
CORRECTED VALUES OF THE COEFFICIENTS.
—_M

Catalogue B4 ] BE | BE ’ FA4 | FE | FE | Fl4 | RE | Fbkd | RE
1) COEFFICIENT @

Be A - 010/—0"12|~—0"09 —0"51|-—0"55)—0"44|—0"77|—0"'66|—0"730|~ 0”43

Be B +0.25/—0.26 —0.79]—0.45

Let I —0.82/—0.79 —1.07—0.92

Leiden - 0.86—0.37 —0.20/4+0.35
11y COEFFICIENT & c0S ¢

\

Be A -+1.24{+0.78|4-0 70 +0 52|-+0 35{4-0.27

Be B +0.60/4-0 32 +0.204-0.31 ‘

Lei I —+0.01 -{TO.OO +0.84(-+0 26

Leiden +0.1140.15 —40.34{+0.17 ’
II1) COEFFICIENT ¢ €05 ¢

Be A +4.21{42.36/+2.39{{++2.11{-1 60{41.57

Be B +2.79|4-1.79 +1..36 +0.70

Leil +3.64|42.94 —+1.714+1.70

Leiden +2.18/+41.39 4-2.55)+1.91] | v
1V) COEFFICIENT &’

Be A —1.521—1.29 —2.55{- 2.01

Be B —3.39|—2.49 —4.22|1—3.44

Lei I —1.10]—1.20 —3.23|—3.03

Leiden 2.09|—1.54 —1.40(—0.78 )
V) COEFFICIENT &'

Be A —0.73|—0.43 —0.73|—0.35

Be B —1.14—1.09 —0.95(—0.84

Leil —0.88/—0.86 —0.87:—1.14

Leiden —1.75/—1.33 —0.89—0.75
V1) COEFFICIENT ¢’

Be A —0.17-0.16 —~0.25—0.17

Be B +0.45—0.03 —0 12/—0.56

Lei [ +0.6940.43 ~  ||--1.00/4-0.83

Leiden }—0.09-—0 58 —0.33—0.51

6%
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MEAN ERRORS OF THE CATALOGUES AND OF THE DIFFERENCES.

m.e. position
zonecat

m.e. position

Kustner

m. e’
difference

m.e, diff.
per annum

Lo cOSE 28

Weights
of
LucoSo Lo

a) according to AUWERS:

Be A
Be B
Lei I

Leiden

0s034 0747

025 30
.043 .55
.050 .52

b) according to' data in the

Be A
Be B
Lei I

Leiden

0s034 0745

.027 .38
037 .47
044 .49

0s021 029

.020 .27

.022 .31

020 .25
catalogues:

0s021 0729

020 .27
022 .31
020 25

0s040 0”55
.032 .40
.048 .63
.054 .58

05040 0”V54
.034 47
.043 .56
.048 .‘55

-

07022 0”021
.028 .025
.03t .028
020 .02

07022 07021
.020  .029
028 .025
026 .023

As weights the means of those accovding to ¢ and )

namely :

Weight of
Catalogue
HeCOSd PAY)
Be A 1.8 2.0
Be B 11 12
Lei I 1.0 1.2
Leiden 1.1 15

7. Determination of the actual unknown quantities.

The correction-terms having been applied, the equation

now holds.

In the further calculations I have kept the B groups and the F
groups apart, but for the rest 1 have simply taken the means of the
results of the different methods. After this, means were formed from
the four catalogues with the weights given in § 6. 1 thus obiained,
always placing the 4 catalogues under one another in the same
order, the following results for Am.

a—=Am

-21 -

1.99 2.18
1.54
1.22
154

1.22
1.00
1.07

-

1.78
0.93
1.26
1.48

1.62
0.93
1.00
116

are taken,
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Groups B Groups F
—0"10 — 0732
f 0.00 — 0.62
—0.80 —1.00
— 0.62 -+ 0.08
Mean: —0"33 - —0"51

These are corrections which should be applied to 7 of Struve-
Perers. To obtain the corrections for Newcoms’s m the difference
between the values for m Peters- Nrwcoms should he added. NEwcomB )
gives the following values:

Centenmal precessional motion for 1850,

m n
PrrERs-STRUVE 4607"63 2005"64
Nrwcoms 1896 4607.11 2005.11

(final value)
From the differences Prrers—N,,:
in m -+ 052,
- in n -4 0.53,
it becomes evident rthat the values m and n of Struve-Prrers do
not correspond to one another, when we adopt the most probable
value for the planetary precession. I reduce my results therefore
to NewcoMB’s values:
Corrections to NEwcoMB’s m
Groups B » Groups F s

+ 042 + 0'00

/ + 0.52 010
—0.28 —0.48

—0.10 + 0.60

Mean: - 0"19 -+ 0"01

_ Fnally dttrlbutmg equal weights to the B and F groups.
B and F groups together
L (centennial) NuwcomB = + 0"10 %= 0"13 (me).
The mean error 1s deduced from the comparison of the above
8 values for Am with their mean. ,

From the equation
beosd = Dnsind 4- 0,983 X

X can be determined, if An=— — 0"16 is substituted as deduced
from the preliminary solution. The results for 0.93 X then are-

1) The Precessional constant, p. 10. .
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= Groups B + . ' Groups P
093 X=. 1096 . '043 T |
| 4+ 0.52 ‘ 4036 - L )
4004 . 4059 ° R
L4022 4035 - T
Mean +0'52° T .03 3 e
. , =408 - 046
C Peom - ccosd=— (0.9 + 0.20 cos® 6) ¥. .
Y méy be determined. The following \alues_Wele found:
: ~ -.Groups B - Groups F ' ... |
Y= —2%69 - = —1"59" e
—208 -~ —0.94 Co e .
— 294 - =152 -
o —166 C-208
Mean: — 238 . —154 R
The equahon g ‘ '
, 4= (093+010003 NZ
. gives- the unknown Z. The tesults are- as follows: :
L - Groups B Gloups O . -
= 145 42'35
- 4316 . -+ 4410 o S
144 4310 .
4247 - 4180 0 T
» “Mean: 4-1"92 - 259 : T
From - o Vb’-—-O 98 Ysind . . - C T .,,
a second value for ¥ may be deduced.- - . - .. - .7
‘ -1 find the following values, in" which the ia.ct has been taken 1nt0 ‘
- account that the weights. of the values for. ¥ obtained from the . = - e
, 4: catalogueb me very divergent in -consequence of the factor sind: .
© Groups B~ Gloups F '
0’.54 Y=, —116 ... —1"08 )
042Y= —135 . =108
024 Y=, —104  ~ —120
0T Y = —231 123
Mean: ¥= —3'01 . . —236 .-
Finally from the equatlon oo S
' ~ c_An+(093+020(:os d')Xemd : B
An can be deduced if the value for X found from the RA. is . =~ ..
substituted in it. P S o
1 find thus for An (STRUVE-PETERS) . e
e TR
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Gloups o Groups F

An Str.-Pet. = — 0"34 - —0"36

- —003 - —058

4042 - 4081

: "—-0.66 - - —0.69
} © Mean: =020 . —0'24

or, deducmg corrections to NEWCOMBS n:

' : Grloups B Gmups F
“ln Ny=-+ 019 - 4017

" 4050 - 4-0.00

409 - +1.34

- —013 - . — 016

Mean 4033 40729

-B and F togethel An NEWCOMB (cenfenmal) = —}-0”.31 + 018, -

© Another method of detennmmg An and X consists in solvmg
both- unknowns at the same time hom sets of two equatlons W1Lh

two uriknowns, that is from: °. :
bcoad— Ansznd+ 0.93 X

and - c_An+(093+020003 d) Xsin d..
- In thls wa) 1 find the followmg \alups for X and Ln (STRLV}!
PETERS) : o : :
‘ . Gmups B I Grou’ps_F
X M - X hn

417 — 054 - 4053 — 039
4049 000 . 4056 —0.57
. —044 40060 - 4040 +0.82
- 4051 —064 - 4079 —088

~ In connection with the weights given to thé R.A.-and the Decl. I
attribate to the results from the 4 ca,talooues the Welghts 1. 9 1.2;

1.1 a.nd 1. 3 1 then ‘find as ‘mean values :

Gloups B . Gnoups F
L X=34080 4057
baSwPet.=—021  —030
' therefore as correction An to NewcoMs:
, __‘Groups B - Groups F
An (Newoows) = + 0732 - 0723 -

-24 -

Band F

Ly

046
—028. .
4071
—0.76.

B and F
— 096

. BandF-
40127,
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By substituting the final mean value of An (STrRuve-PrTERS) = — 0".24
for the preliminary value — 0".16 in the equation
beosd = Lnsind 4+ 0.93 X
a second approximation for X is obtained from the R.A. only. In
this way I find as the mean value from the four catalogues
' Groups B Groups F
X= -40"58 -+ 0"48.
The vesult for An from the Decl. only does not change perceptibly,
tf we substitute for X these final values 1n place of the approx-

imate ones. !
Finally 1 accept the means of both determinations of An and X

as my final result. - -

8.  Conclusions.
In the foregomng the following final values are found for the
unknowns

’ Groups B Groups I BandF
Lm (NEWCOMB) -+ 0"19 —+0"01 + 0"10
An (NEwcoMB) - 0.32 -+ 0.26 -+ 0.29

X 4+ 0.59 -+ 0.52
Y from the R.A. —2.38 — 1.54
Y from the Decl. —3.0L — 2.36
Mean (weights 2and 1) — 2.59 —1.81
VA - 1.92 -+ 2.59 '

Let us first consider the value of Am, 4 0"10 4= 0”13, and of
An, +0"29 = 0"18. From both it 1s possible to deduce a cor-
rection of the luni-solar precession accepted by Nuzwcoms; 1 find:

. Lm
from Am:  OAp=-—=+40"11 £ 0"14,
[

1

A
from Am:  Ap=—o = 4 0'72 = 0'45,
sin g

These values clearly show a difference, in the same direction as
remains 1n the results found by Nuwcoms, even after correction for
the systematic differences of distance. We now find.

Lp (Decl) — Ap (R.A) = 4 0"61 == 0"47.

However, it is not very surprising to find such a difference

occurring here. It is only 1.3 times as large as its mean error and

-25-
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may for the greater part be accounted for by’ the influence which
the accidental errors must have in the comparison of the zone-
catalogues with Kustyer’s, in consequence of the small difference
of epoch. With vegard to the possible systematic errors.

a. errors due to magnitude-equations

b. an error mn the adopted motion of the equinox

¢. systematic evrors in the fund. system dependent upon e« and d
on the other hand, the research here detailed is certainly not behind
other determinations of the constants of precession from faint stars.

As regards @, the errors due to magnitude have been elminated
in a very satisfactory way, undoubtedly better than has been possible
m any other similar research, while the effect of the errors 4 and ¢
does not depend upon the difference of epoch of the catalogues
themselves.

The question as to whether to the sysiem 4V, also adopted by
‘Auwkes, must be apphed an appreciable correction of the form

AE = AOE, + LE'X T,
m which AZ 1epLesenrq a correction to the centenmal motion of
the equinox, 1s discussed by Newcoms?). If a corvection of this form is
introduced, a corresponding one must be applied to the Ap from
the A.R. namely : '
0011 Lp=-+1.09 AFE.

Of the pwbable value of AE' NewcomB makes an eslimale. He
comes to the conclusion that we may assnme AE' — 4 0"30. If we
do that here also our results become:

LpRAY=-+ 044 = 0"14,
Lp (Decl.) = 4 0.72 &= 0.45,

which values agree very satisfactorily with one another.

In order that I might form some opimon upon the question i how
far systematic errors depending upon eand d in the p.m. of the New
Fundamental Catalogue of Auwkgs could have exercised an influence
upon the results, a comparison was made between the N. F. K. of
Auwers and the Fund. Cat. of NewcomB. On the basis of the data
occurring in the N. F. K. of the Berliner Jahrbuch®) a table was
drawn up of the differences in u, and u; (N F. K.—Newcoums) for
four groups of stars, corresponding m declination to the four zone-
catalogues. Excluding a few very large differences I found as means:

1) The Precessional Constant, p. 67 af.
%) Veroffentlichungen des Komgl. Astron Rechen-Instituts No. 38, p. 100 et seq.
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Differences n centenn. proper motion N. F. K. ~-Newcomb 1900

Dy, JAVTE

- ¢+ 100— £ 150 | —0%0057 | —0”105
0 ++150—4-20° | +0.0154 | 50.060
¢+200—+25° | 40.0003 | 0 254
¢+30°— 4350 | 40.0028 | +0.210

The values of Ag, and Aus; were smoothed by formulae of the
form : "
Ayy,—a + bd
Aps—=da" + b'd -
this is advisable as the zone-positions are based upon fundamental
stars some of which lie¥outside the zones. I found:
a = -+ 00010 b = - 0s0001
a' = — 0"216 b= - 0"015
and with this the smoothed values

Dy, Dug

+0%002 | —0"03 -
40.003 | -40.05
+40.003 | -+0.12
+0.004 | 40.27

These values are subtracted from the differences for each star.
“From the residual values 2-hour-groups according to R.A. were
formed for the four declination-groups together. '

In the following table are collected the mean values for the two-
hour-groups, where O" represents the group from R.A. 23" to 1" efc.

Dirperpnces N.F. K. — NgwcoMB DEPENDENT UPON THE A.R.

- a FAVID JAVTE) Stars
o -+ 05.004 —0"11 10

2 — 032 + 12 7

4 — .004 4+ .03 16

6 — .000 -+ .01 10

8 + 011 4+ a1 9

10 4+ 027 4 01 11
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¢ Dy, . Dy Btars
12 + .009 + .04 8
14 4+ .019 — 12 6
16 4 013 +. .02 10
18 ~+ ~.001 4+ .23 8
20 — .016 — 14 10
22 — .035 — .00 9

These values I have fepresented by formulae of the form:
Dy, = wsina + ycos ¢t
Ays = a' sin a + y'cos «
attributing equal weight to each 2-honr group. I found :
' @ = 4+ 0002  y=—1s021
&' = 4- 0".023 y'=——0".012,

so that

Lip, (N.F. K.—NEwconB) = smoothed value 4 2 sin « 4 y cos «

Ap; (N.F. K. —Nxrwcoms) = smoothed value 4 a' sin « + y' cos «.

If, therefore, my results which hold good for the system of the
N. F. K. of the Berliner Jahrbuch, are io be reduced to the system
of Nrwcoms’s catalogue, the above quantities must be added to the

differences in « and d per 100 years, with reversed sign.
These systematic corrections are therefore :

—0".03
— 0 .04

in A« per 100 years: — 004 0".033 sin o+ 0".314 cos gz é

e
Be

—0.06
40703y« Lei 1
' . —0.05 " . " B
. in Ad per 100 years:{ 0120 023 sine-4-0".012 cos
\—0.27 ’ Leiden

The addition of these corrections changes my values for the

unknowns in the following way
corr. Am  per century —- 0045

. , X ., —008
. YRAY, ., —026

: . Z .., 4011

» Y (Decl),, . —0.07

" An 9 3 + 0 01

The results then become:
Am -+ 0"055
An 4+ 0.30
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Gr. B Gr. F

X 4055 4 0"49 i
Y R.A) —2.64 —1.80
Y (Decl.) —3.08 —2.43
mean (weight 2 and 1) — 2.79 —2.01
' Z +2.037 4270
Let us now examine first what is found for the luni-solar pre-
cession .
I find from Am- ‘Ap =+ 0".06

from An : Ap =+40.75
or, if we adopt the correction to the motion of the equinox,
from Am : Lp = 4 0".39 }
from An : LAp=+40.75
from which, again combining with weights 2 and 1:
from R.A. and Decl.: LAp =+ 0"5L

From the two values for Ap, found if we adopt Avwers's New

System, follows in the same way
from R.A. and Decl. Ap =+ 0".53.

The agreement of the two results makes 1t probable that systematic
errors dependent upon « and ¢ cannot have a great influence upon
our results. .

Taking the mean, therefore, I get as final result

Lp Newcoms = - 0".52.

As Newcomp’s final result of 1896 remains quite unchanged by
taking the systematic differences of distance of the starsinto account
{These Proc. 18. 692) my result is 0".H greater than his.

From my value for Ap follows

Am Newcoms = 4 0".48
An Newcoms = -+ 0 .21

The values for the yearly precessional motions whichl follow from

the research here detailed are therefore :

-

A

Yearly precessional motions for 1850:

p = lunisolar precession = 503736
p' = general precession = 50"2505
m = precession in R. A. = 46"0759
n = precession in Decl. = 20"0532
P = Newcomp’s constant = 549124

3
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In the second place we will discuss the results obtained for the
parallactic motion, if we successively adopt the two systems.

For the components of the parallactic motion the following values
are found :

— )

In AUweRs’s system- In NEwcomB’s system:

Groups B Groups F Groups B Groups F

X -+0"59 4052 10755 +0"49
Y —2.59 —1.81 —2.79 —2.01
Z +1.92 +2.59 ‘142 03 +2.70

From the values in this table I deduce the following values for
the coordinates of the apex, A and D, and for the total solar motion
and its projection upon the plane of the equator.

- In AUwERS’s system: In NEwcoMmB’s system :

Grodps B Groups F Groups B Groups F
282°5 " 286°0 28101 283°7
A 18h 50m 191 4m 18h 44m 18h 5m
VX2+Y2 265 188 2'84 207
D 43509 45400 43595 45205
VXY Z2 3728 320 3749 340

Let us first consider the results obtained for the R.A. and Decl.
of the apex. It is not possible here to institute a critical comparison
of my vesults with those of others which would in itself form a
research. For the sake of orientation n the problem I will merely
quote some results obtained by .previous investigators along the same
lines.

The vesults deduced for A and D from the Bradley stars by
Newcomp and corrected for the systematic difference of distance,
according to the research published in these Proceedings, by — 1°
and - 2° vespectively were 273°and - 33°; in the same way the
results of L. Srrove (corrected by Nrwcoms)-become 272° and - 37°.
Frow: the comparison of the whole material of his Albany-zone with
Lataxpe and Bmsskn, Boss found for stars of a mean magnitude
8m.7: 264° and 4 54°'), while later on ?) he accepted as final result

1) A J. 9, 98
) A J. 31, 168
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from various researches for stars 8m.5 with small P.M.: 279°

and - 45° A .

My vesults, which apply to mean magnitudes (photom. magnitudes
of Kustner), of 7m.25 for the bright group and of 97.19,for the fainter
group, remain almost the same, whether we take AUWERS's system
or NmwcoMs’'s as basis. Comparing them with the above, it is seen
that my values for 4 belong to the greatest so far obtained, while
those for D for my bright group agree very well with those from
the BrapLry stars and the results for my faint group do not differ
much from the corresponding ones of Boss. The large difference
between the value for D in my two groups, which is the result of
the abnormal relation of the two values found for the Z-component,
is a striking result, to which I shall return further on.~

In the second place, my results for the ‘amount of the paral-
lactic motion must be further considered, both those for the projec-
tion of this motion upon the plane of the equator and those for the
total motion. We observe first that, for botlh motions, the reduction
to NewcomB’'s system gives somewhat larger values than that to
Avwers’s system. Naturally both for the bright and for the faint
group. .

For the equatorial motion the ratio of group B to group F is
according to the two systems 1:0.71 and 1: 0.73, while the ratio
between the mean distances of the groups, accovding to the later
researches (Comp. Kapreyn and Werrsma Publ. Gron. 24, 15), should
be 1:0.63. Here the agreement is, therefore, fairly good, but the
result is totally different, if we consider the total motion. For this
we find for the faint group results which ave ounly 3¢, smaller than
those for the bright group.

However, before endeavouring to draw any conclusion from this,
we must consider the significance of my results, in-connection with
the methods used concerning the exclusion of stars of large proper
motion. As mentioned above 1 made one set of solutions (method A)
in which practically only the double stars were excluded (besides
the double stars for the four catalogues together only 21 stars) and
another set (method E) in which a considerable number of stars
with a somewhat large P.M. were excluded. Finally the mean results
from these methods were accepted as the final result.”

This method was certainly justifiable, where a determination of
the precessional motion was aimed at, and perhaps is so still, when
we only desire to derive the coordinates of the apex of the paral-
lactic motion. If we wish, ‘however, to determine the amount of
this motion, 1t will be seen that the significance of the vesults beco-
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mes uncertain by the method used. [t is necessary, therefore, to
consider the results according to the methods A and E separately.

For this purpose I calculated, from the values of the 6 coefficients,
after correction for the subsidiary terms, the components X, Y, Z
of the solar motion for the A and E groups of each of the catalo-
gues sepavately, and combined these results with the previously adopted
weights.

In this way 1 found adopting the system of Avwirs’s N. F. K.

BA BE FA FE

X —+0"74 +0742 —+062 ~-0"34

Y (R A) —3.02 | —1.74 | —i.79 | —1.29

Y (Decl.) —3.34 —2.68°| —2.55 —2.17

Y (mean; weights 2and 1) | —8.13 | —2.05 | —2.04 | —1.58

Z +2.13 | +1.70 | +289 | J2.20

and for. the further conflstants derived from these
BA BE FA FE
283°3 28196 286°9 28201
A

18h 53m 18h 46m 19h 8m 18h 48m

VREFY? 392 2109 2”13 1762
D +-33°4 -+39°1 +53°6 +5407
vX24Y212Z2 |- 3786 . 270 3759 280

It may be regarded as a salisfactory resalt of the last calculation
that the coordinates of the apex, gained by the A and £ methods,
do not differ greatly, and also differ only slightly from my previous
results. On the other hand, the vesult that the Z-component is found
' lavger for the faint than for the bright stars, becomes even more
striking, now that it proves to hold good for the results deduced
separately by the 4 and £ method. Further, as was to be
expected from former results, the amount of the parall. motion
gained by the two methods differs considerably, which again shows
that the parall. motion increases greatly with the total P. M. The
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\

resulls of the method A4 are the only ones that bave a sharply
defined meaning. They give us the parall. motions for the mean of
the stars of magnituades 7.25 and 9.19.

We will, therefore, consider these only, and we will deduce,
beside the results above obtained for Auwers’s system, those which
are found, if we adopt Newcoms’s, which can be done at once by
applying to the 3 components the differences deduced above.

I then find, repealing the first mentioned values in order to faci-

litate the comparison:

In Auwers’s System In NewcomB’s System .-

Group BA Group FA Group BA | ~Group FA

X + 0”74 + 062 -+ 070 -+ 0758

Y — 3.13 — 2.04 — 3.33 — 2.4

Z . + 2.13 + 2.89 + 2.24 —+ 3.00

A 28303 28699 28108 284°5
VXELY? 3722 2113 3740 231
D + 3304 + 539 1 3304 + 5204
v Y22 3786 3759 407 379

Here we see again that all the essential features of our results
are independent of the choice of.the fundamental system.

For the ratio between the equatorial motions for the bright and
the faint group we now find 1:0.66 or 1:0.68, or for a difference
of one magnitude 1: 0.81 or1: 0.82, which agrees very satisfactorily
with the ratio of the distances given by Karrey~y and Werrsya 1: 0.63
or for one magnitude 1. 0.79. All agreement, however, disappears again,
when we consider the total motion, and thus include the Z-components.
In my last results also, \the motion in the Z-direction is found to
be wuch greater for the faint stars than for the bright ones and

even if we take’ into consideration that of the centennial motions

here derived, barely a fifth part has actually been observed, our
result still rémains very striking. If we consult the results yielded
by the four catalogues separately, we find that the Leiden zone
gives a normal result, namely faint: bright = 0.67:1, while from
the 3 others we derive a very abnormal ratio. Other investigations,
which gave greater values for D deduced from faint stars, than when
bright siars were used, might point to abnormal circumstances in
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the same direction. The result here found is, however, more striking,
for, as the declinations were delermined in exacily the same way
for faint and for bright stars, the greater value for Z (the constant
term in Ad) which the former give, cannot be ascribed to constant
errors of the declinations of ihe catalognes used. If systemalic errors
of the catalogues are 1o be made responsible for our result, it can
only be the consequence of residual magnitude-errors in declination.

This point certainly deserves further investigation. Another point
that has’ not been investigated so far is the possible presence in
the differences Kistner—Zonecatalogues of terms dependent upon
multiples of e.

Mathematics. — “Pencils of twisted cubics on a cubic surface”.
By Prof. Jan pr VriEs.

(Communicated in thé meeting of March 25, 1916).

1. The straight lines of a bisextupel of a cubic surface ®* will
be indicated in the usual way by a; and J;; the remaining straight
lines by cp;. In order to arrive at the wellknown representation of
@* on a plane 7, we lay v through the straight line ¢,, and consider
b,, b, as direcirices of a bilinear congruence of rays. Any point P
of @* is then represented by the intersection P, on 7, of the ray
passing through 2. The intersections 4,, 4, of b,, 0, represent a,,
a,, whereas a,. a,, a;, @, are represented by their intersections
4,, A,, A,, A,. The representation of the straight line 0, is the
conic 3, which is determined by the five cardinal potnts A; (I=]=1);
the straight line ¢y is represented by 4y 4. From this representation
it may be deduced that any twisted cubic ¢® lying on @* has a
sextuple as chords and is not intersected by the associated sextuple.

2. A ¢° having the sextuple b; as bisecants is represented by a
straight line of =; a plane pencil with vertex C” is therefore the
image of a system of ¢® all passing through the point . Such a
system we shall call a pencil; C we call the singular point of the
pencil (¢°). All ¢ rest on the 15 straight lines ¢z and have the
straight lines &7 as chords?).

To (0°) belong six degenerated figures. For the straight line C'A4;

1) Tn my paper “A simply infinite system of twisted cubies” (These Proceedings
Vol. XVIII p. 1464) T arrived at the consideration of such a pencil in an entirely
different way

7
Proceedings Royal Acad. Amsterdam. Vol. XIX

\
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