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BULLETIN OF THE ASTRONQMICAL INSTIT UTES
OF THE NETHERLANDS

1923 February 17

“No. 34.

coMMUNICATI’o‘N”FRoM THE QBSERVATORY.AT LEIDEN;

Measures of double stars on photographxc plates taken by W J Luyten,
by W . van den Bos.

: With the photographlc refraCLm of 33 cm aperture
and 524 cm focal .length Dr. LUYTEN has taken a
series of 54 plates of double stars in the pextods
February 6 to June 9, 1920 and October 21, 1920
to January, 16, 1921. The _programme chleﬂy consmted
of fairit stars with smal]l difference in brlghtness be-
tween the components. No other precautions aO'a,mst
magnitude equation have been taken.

In distiniction. to. the work. of . HERTZSPRUNG*) and
MiNCH " at Potsdam in the visual focus of a Vlsual
refractor, the ordinaty photoglaphlc measures of double
stars ‘may at the greater zenith distances be sensibly
affected by atmospheric dlsperswn, 1in case of a differ-
encein colour of the components. Itis therefore adv1sable
to restrict measures of this kind to small zenith distan-
ces; orto double stars with- components of equal colour.

The photographic® effects mentioned by HERTZ-

SPRUNG (/. ¢. p. 14) may appear at distances below 6” .

with-a focal length of 5 m. Several objects with smaller
distances have been observed to test these effects, and
to determine at what distance the results will be safe.

For the determination of the parallel sometimes a
sufficiently bright star was allowed to trail over the
plate, but more often the double star itself was moved
to the following side of the plate, and after an expos-
ure had-been. taken the derng clock was stopped
until the star had reached. the preceding side, after
which”’ a second exposure was made. By noting the
times when the clock is stopped and when the star
passes the thread in the field of view of the guiding
telescope, the two exposures are put symmetrically
to the middle of the plate, the effect of the curva-
ture. of the trail thus being eliminated.

All the plates have been taken in the position
,guiding telescope north” of the instrument, which
has the form knowi as the English equatorial, and
at the same reading for focus, viz: 202 mm. The
plates were Ilford Monarch g X 12 cm, w1th the longer

Y)Y Publikationen des Astraj»/zysz/}a{zsdze;z Oéservator iums
zu Patsdam Nlr 75, Bd XXIV ‘ » . A\

51de m the dlrectlon of declmat1on the. trall exposures
are, some .7 or 8 cm. apart. . .
The scale of the plates has been determmed by
LUYTEN from various large dlstances and by the writer
from. dlfferences in dechnatlon of stars in the Hyades *):

LUVTEN - 1 mm=39"366 + 0”0l (mean error)
VAN DEN Bos - :. 39”368 + 0" "-008 " PR

- The' best type.of instrument for measurmg double
star- plates is -one in which the plate is moved by
the ‘measuring screw, and the microscope.serves only
to- p'bin‘c on - the star, No-such' instrument being “at
hand in Leiden, the plates were measured by the
writer at Potsdam with the instrument descrlbed by
HERTZSPRUNG (Lc. p. 25). We ate indebted to Dlrector
H. LUDENDORBF forhis permxss1on to usethiis mstrument

The measures, comprising about 13000 single settings
in" all, have been made from November 15 to Decem-
ber 12, 1921. In general a plate contains-3 or 4
different objects, the number of. exposures of each
being 10 to 135, sometimes more, seldom less. There
are in all 142 observations of 68 pairs. A few plates
have not been measured because of insufficient con-
ditions (images hazy and very irregular).

The relative position of the components was meas-
ured in rectangular coordinates Aa cos ¢ and AJ,.
each ‘coordinate in two positions of the plate, ﬁlm
up and film down (through the glass), to eliminate
some . of the systematic errors of measurement; The
best part of the screw, between divisions 6 and 13,
has always been used. From a number of large, well

determined distances the scale value on this part was

found to be:
1 double-revolution = 39”379 + 0”008 (mean error).

This value has been used throughout. ‘
The power of the microscope was 180 or 130 in
most cases, and 25 for the wide pairs. Bad images
have been rejected.beforehand. Only one setting was
made on the same 1macre in every position of the plate
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The_ mean errbriof theSiagle exposurei(orie sefting }

on each component), determined. by means of the

deviations of the separate exposures on the same plate' :

from their mean, i.e. without regard to a possible
plate . error, ranges from + 005 to + 0”31, the
medlan value being + 0”13 in both coordinates.

For 4 number of § plates of different quality the differ-" |

ence of the two deviations in A9 of the same exposure
in the two positions film*up and film down was deter-
mined to get an idea of the mean error of measurement.
As AJ is already the difference of the settings on

two imagés, the mean error of the differerice ::deviat<.| I

ion Ad(up)—deviation ‘Ad(down) is twice ‘the mean
error of a single setting of the thread on an image.

The latter quantity -was found to'be: + T-2- p. for
a good, + 19 p for a normal, qnd £ 3 o’p for ‘a
bad plate, or in seconds of arc + 0”047, £+ 0" 075 and
+ 0™118 respectively. Multrplymg these quantities by
/2, we have for the mean error of measurement of
the single exposure: + 07066, + 0”106 and + 0166
respectively. The total mean error for the same groups
being: + 0™09, + 0”15 and + 025, we get for the
mean error mherent to the images + 0”06, + 0™I11
and + 0”19, i.e. sen51bly equal to the erlor due to
measurement f01 the good and normal, and larger for
the bad plates (compare HERTZSPRUNG Le. p..27).
Measuring the plate in two p051t10ns should therefore
give the mean errors + 008,.+ 0™13and + 0”22 for
the three groups. The gain in accuracy by remeasuring
the same plate will not pay for the additional labour

The mean error of a single mght (talkmor a normal
Pphot—Pvis : -

B. A.N. 34.

‘plate’ éontéihf'ng’ i12 “extposutes iof the isame ébject)
will be + 07038, if the plate error may be neglected
Bécause :of the photocraphlc effects acting in the
distance only, the rectangular coordinates were trans-
formed into position angle and distance for each plate
separately. From the results the mean error of the
'single” plate”was computed  for the double stars which -

- occur on 3 .or.more plates

p > 6 m.e. of smgle plate in 6 reduced to arc: + 07037
inp + 07034
10 < 6” Dottt D ST in 9 RTINS, + 0”.05 I
A T T L oroge

For the Wrder pairs there is therefore no trace of
plate error, while for the close:pairs the distance is
much more uncertain than' the position angle (photo-
O'raphlc effects).” For the pairs with” distances below

0" the -best visual distance has beeri derived; and the
drfference Pohot — pris plotted agamst pvis- - The accom-
panying diagram shows that the-photographic effect is
insensiblein all distances> 5", and that distances<t4” are
uncertain and on the average too small. It was noticed
that the better exposures gave the largerdistances (com-
pare HERTZSPRUNG, Z.¢.p. 15). Anexample of thedlstance
coming out too large is given by Castor, where 5”24 in
stead of 5704 is found. This is probably due to the
Eberhard effect, local exhaustion-of the developer in
the region between the two (overexposed) components.

The total weight of all the plates is 82000 (seconds
of arc)=? in 6 and 77000 in p, the greatest part of
Wthh falls on the stars with dlstances >6” .
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The following table gives the result of the ‘meas-
ures; the columns give respectively the number in
BURNHAM’s General Catalogue, the star’s name, the
magnitudes taken from the G.C., the date, Az cos d, A9,

_6"-5 : e l

6 7 8 9 pus 10"
mean - error of single exposure in" Az’ cos & and AJ,
number of exposures measured, position angle, distance
and number of nights. A bracketed number refers
to the notes at the end of the table.
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T : - .e. of .
G.C Name - mag. 1920:—|7 N Aacos d Ad. ] ATch d\c.)’ IAe:\p  exp. 6 e . 7
y ” ” o ” ” o ”
37 z 3 7.5 85, 0920 .. 4.962 0.606 + .J06 . £ 079 -| 11 .83.0.° .00
1.036 4.792 0.524 .150 14 10 83. 4.82
0.978 83.4 491 2
73 p 9 85 853 0.920 4.970  19.390 118 .087 io 345.62  20.02
1.036 - 4.871  19.374 122 075 |9 345.89 19.98
1.042 4934  19.371 134 .091 .| 10" 345.71  19.99
0.999 : 34574 2000 |3 (1)
83 Kr. 3 9 9 0.920 2.237 2.441 .106 .102 6 42.5 3.31
1.036 2.284 2.441 .071 .110 6 43.1 3.34
1.042 2.241 2.441 .162 .189 10" 42.6 "3.31
0.999 427 332 |3 (2)
102 = 16 7.7 9.0 0.920 3.587 4.489 .095 .095 6 38.6 5.75
1.036 3.548 4.454 142 .095 1o 38.5 5.69
1.042 3.540 4.446 118 .130 10 38.5 5.69
0.999 | 38.6 570 |3
114 Weisse 1 8.q 8.2 0.920 5.096 1.489 .079 .079 10 106.3 5.31
- 1.036 4.989 1.595 .205 .252 I1 107.7 5.24
1.042 4.970 1.469 217 - 134 10 106.5 5.19
0.999 i 106.8 5.25 3
448 .2 65 80 8o 0.997 1.953 2.434 154 146 10 38.7 312 |1
1396- z 297 80 83 1.042 15614  2.134. 126 .099 1o 277.8 1576 1
1415 z 301 7.3 83 1.042 2.’292 7.856 110 .110 14 16.3 8.18 1 (3)
4122 Z 1110 2.7 3.7 0.099 3.068  4.245 .208 177 36 215.9 5.24 I
4497 S 1200 85 85 0.222 0.043  8.356 096 088 11 179.7 8.36 1 (4)
4595 - Espin 18 85 92 0.222 10.160 6.990 .102 126 4 235.5 12.33 1
4798 3 1282 7.0 7.0 0.222 3.603 0.465 .067 .099 10 277.4 3.63
0.241 3.312 0.449 .193 114 10 277.7 3.34
0.231 2775 353 |2 (5)
4928 = 1309 8o 83 0.241I 11.652 0.740 154 .158 10 273.6  11.68 1 (6)
4972 ) 132i 7.4 7.4 - 0.222 17.689 6.454 142 114 12 700 18.83 1
5003 S 7 1332 7.2 7.5 0.222 2.217 5.332 .063 0.47 11 22.6 5.78
0.241 2.236 5.257 197 .193 10 23.0 5.71
0.231 22.8 5.75 2 (7)
5188 = 1376 82 8.2 0.241 3.851 3.324 225 244 10 131.5 5.14 1 (8)
5468 = 1443 9.0 9.0 0.241 1.615 4.560 .170 276 10 160.5 4.84 1 (9)
5901 s 1570 8.3 8.8 0.304 8.183 7.151 .099 126 9 48.9 10.87
0.310 8.163 7.124 091 .067 9 48.9 . 10.83
0.307 489 10.85 2
5944 3 1575 70 8o o.310 15.255  26.506 .095 .110 13 209.92 30.70 1
5960 OZApp 112 7.8 81 0.310 42.624  59.628 126 .102 21 35.56  73.30 1 (10)
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G C N o L A s ag. | ™ of 1exp. 0
. a mag, 192 T . ; : . exp. . 7.
me ag 920 -|— « cos A cosd AG exp P n
; - . y ” ” ” ” o "
5993 , |~ OZApp 114 7.5 8.0 0.304 85.897  12.562 + 166 + .130 | 1I 81.68 86.81 I
6018 ' b 1596 6.0 7.5' 0.304 3.178 1.969 0.83 130 1o 238.1 3.74
o 0.310 3.174 2.020 .091 .095 20 237.5 3.76
v . 0.307 237.8 3.75 2
6025 s 1600 7.0 8o o.élo 7.754 0.362 122 122 10 92.7 7.76
: : 0.362 7.734 0.433 - 118 .I50 10 93.2 7.75
0.367 7.738 0.358 .087 .102 14 92.6 7.75
0.346 928 775 | 3(11)
6040 x 1603 6.9 7.3 o.310 22.143 3.107 .075 .087 Io 82.01 22.35
0.362 22.127 3.131 126 134 15 81.95 22.35
0.367 22,119 ©  3.154 182 .150 14 _81.94 2234
0.346 '81.97 22.35 3-(12)
6134 B 1633 7.1 7.2 0.304 8.120 3.792 .095 .083 20 245.0 8.96
0.310 8.108 3.761 .099 071 13 245.1 8.94
0.359. 8.120 3.773 .106 .LIo .25 245.1 8.95
0.362 8.140 3.780 .102 091 24 245.1 8.98
0.367 8.053 3.745 .130 .130 20 245.1 8.38
. 0.340 245.1 8.94 5
6166 p 1642 8o 88 0.304 o.016v 2.315 114 130 9 179.6 232 1
6179 = 1645 7.0 7.5 0.304 3.690 9.451 .067 110 10 158.7 10.15 I
6212 X 1657 4.7 6.2 0.304 - 20.217 0.386 .091 118 27’ 271.09 20.22
o.310. 20.182 0.354 118 .071 23 271.01 20.19
0.359 20.276 0.398 .150 150 25 271.12 20.28
0.362 20.276  0.390 .079 .095 22 271.10 20.28
0.367 20.205 0.339 .158 118 20 270.96 20.21
0.340 27106 20.24 5
6243 M 1670 3.0 3.0 0.211 3.702 4.757 .095 .099 12 322.1 6.03 i
6289 s 1685 6.8 7.3 0.310 5.797  14.822 .067 .099 10 200.4 15.92
: 0.362 5.789  14.850 .205 .166 15 201.3  15.94
0.367 5.789  14.838 118 158 8 201.3  15.93
0.346 201.3  15.93 3
6321 (O 257 7.5 8.2 0.367 1.685  12.798 .162 .180 10 352.5 1291
) 0.386 1.662  12.885 146 154 9 352.6  12.99
, 0.377 352.6  12.95 2
6512 0 268 rej. | 7.0 7.4 0.367 69.303 14.456 185 .185 25 258.21 70.80
0.378 69.283  14.472 .170 .166 17 258.20 70.78
0.386 69.248  14.602 146 .185 12 258.09 70.77
, 0.377 258.17 7078 | 3(13)
6527 M 1758 8o 8.2 0.362 2.942 1.957 158 .iso 1 10 303.6 73.54
) 0.367 3.099 1.989 091 114 12 302.7 3.68
0.378 3.072 1.961 122 142 10 302.6 3.65
0.370 302.8 3.64 3 (14)
6536 = 1760 8o 8o 0.367 7.852 3.761 .095 126 10 64.4 8.71
0.378 7.860 3.800 146" .102 13 64.2 8.73
0.386 7.864 3.765 126 134 10 64.4 8.72
0.377 64.3 872 | 3(15) .
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”
u 5 " m.e. of Ilexp.
G. C Name " mag. 1920 Ac cos & A R exp. 6 . - n.
§ ° + ” Aocosd Ad exp e "
. ' y N v o ” " ” ” o ”
6597 p 1776 8.0 - 8.0 0.362 2.410 6.828 | + 217 4+ .162 10 199.4 7.24
‘ 0.367 2.390 6.927 .08y .102 10 199.0 7.34
’ 0.378 2351 6.911 58 182 | 10, | 198.8 7.30
0.369 199.1 7.29 3 (16)
6852 A 1838 7.2 7.3 0.378 4.001 8.293 .106 087 | 10 334.2 9.21
- . 0.386 4.005 8.313 .106 122 10 334.3 9.23
0.389 4.co5 8.309 4 .087 118 10 334.3 9.22
0.384 334.3 922 | |3
6987 x 1873 7.8 8.3 0.378 6.671 0331 181 003 9 272.8 6.68
. 0.386 6.781 0.335 122 126 9 272.8 6.79
0.389 6.746 0.410 .110 .087 I1 273.5 6.74
_ 0.384 2730 674 . |3
7080 r 1893 7.8 83 0.367 8.652  9.128 c63 .099 It 435  12.58
‘ . 0.378 8.636 9.081 .130 .102 9 43.6 12.53
0.386 8.573 9.152 .087 .110 13 43.2 12.56 -
0.377 43.4 12.56 ' | 3
7111 > 1904 7.0 7.0 0.367 2.260 9.569 174 .236 25 | 3467 9.84
0.378 2.319 9.632 .099 118 11 346.5 9.91
0.386 2.233 9.632 .102 122 16 346.9 9.89 ;
0.377 | 3467 9.88 . | 3(17)
7127 3 1910 7.0 7.0 0.378 2.166 3.540 146 142 II 2115 4.15
. 0.386 2.186 3.536 .106 .170 16 211.7 4.16
0.382 211.6 4.16 + | 2 (18)
- 7162 X 1919 | 61 7.0 0.367 4190 23.757 .304 288 10 100 24.12
0.378 4.198  23.738 181 .178 16 10.03  24.11 .
0.386 4.190  23.761 .158 .304 14 10.co’  24.13
0.377 10.01  24.12° f 3 (19)
7226 p 1935 85 87 0.436 8.112 2.816 .118 122 8 289.1 8.59 I
7284 P 1947 8.3 :8;7 0.392 2.985 6.029 .300 166 9 26.3 6.73 , I
7341 = 1963 7.3 7.7 0.378 4.245 1.934 178 .186 14 294.5 4.67
0.389 4.403 1.993 .083 .079 10 294.4 - 4.83
0.392 4.269 1.937 .205 .170 10 294.4 4.69
0.386 2044 473 | | 3 (20)
7428 = 1984 6.2 8.5 0.438 6.435 0.646 .150 .138 11 275.7 6.47 o
7429% A. G.- 199 8.8 89 0.436 8.998  2.780 .087 .106 10 252.8 9.04 1
7461 % 1990 AB| 85 83 0.378 1.804 3.457 154 134 13 27.5 3.90 ;
0.436 1.780 3.513 .099 .138 10 26.9 3.94 .
0.407 27.2 392, |2
AC 8.5 8o 0.378 48.700  27.750 280 221 13 240.33  56.05 .
0.436- 48.901  27.628 .130 .150 10 240.53 56.17
0.407 240.43  56.11 2 (21)
7466 p 1993 8.2 8.2 0.378. 17.350  21.091 174 .146 10 39.44  27.31
: . : 0.436 17.335  21.099 .075 .106 10 39.41  27.31
0.407 ) 39.42  27.31 2 (22)
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198 LEIDEN B: AN 35
G.c N I’~ A s A g m.e. of Iexp. E 0 )
. ame mag. 920 + @ COs Clawcoss as T Xp. P n..
- y‘ ) ” ” . ” ” 0 ”
8783 b 2382 46 63 © 0.211 0.433 2.788 + .154 . + .122 |- Io- 88 2.82 1(23)
8785 = 2383 4.9 5.2 o.zil 1.705 0.981 174 134 10 |. 119.9 1.97 I (24)
9910 Ku 58 9.5 97 o.805 0.512 2.859 2 190.2 2.90 1
9925 = 2631 80 94 0.805 L717 4.241 .099 Jd22 | 5. 338.0 4.58
. 0.808 1.563 4.162 .110 . .091 5 339.4 4.45
0.811 1.721 4.214 .106 114 5 337.8 4.55
0.808 “ 3384 453 |3
9956 b 2639 7.7 8.7 0.805 4.844 2.926 138 .110 | IO 301.1 5.66
0.808 4.824 3.048 I14 .091 8 302.3 5.70
0.811 4.788  2.993 126 .099 11 302.0 5.65
0.808 301.8 567 13
10022 z 2655 7.5 7.5 0.805 0.287 6.155 .162 gd22 o9 2.7 6.16
0.808 0.345 6.092 174 126 10 3.2 6.10
0.811 0.256 6.049 126 114 10 2.4 6.09
) 0.808 2.8 612 3 (25)
12173 A 2978 6.8 8.0 0.808 4773 6.840 .099 ; .079. 10 145.2 8.33
: 0.811 4.800 6.907 .209 201 | Io 145.0 8.43
o.810 145.1 8.38 ' 2
12294 = 3000 87 88 0.898 2.642 2.056 249 134 8 52.1 3.35
0.901 2.690 2,091 © 181 146 - 5 52.2 3.41
0.920 2.556 1.914 .138 118 6 53.2 3.19
0.906 52.5 3.32 3
12312 0x 494 7.4 8.1 0.808 2.946 0.524 .202 126 9 79-9 2.99 1 (26)
12317 S 3006 85 9.0 0 863 1.611 5.458 174 .229 9 163.6 5.69
0.877 1.642 5.627 .095 .146 11 163.7 5.86
0.870 163.6 5.78 2
12420 = 3024 8.2 9.0 0.857 3.713 3.052 106 122 10 309.4 4.81
. 0.863 3.776 3.103 146 .110 10 309.4 4.89
0.877 3.847 3.217 .063 .083 10 309.9 5.01 .
0.866 ’ 309.6 4.90 3 ‘
12427 A. G. 293 92 93 0.898 1.394 3.22§ 236 174 7 23.3 . 3.52
0.901 1.449 3.335 276 .102 6 23.5 3.64
0.920 1.355 3.150 .110 .205 7 23.3 3.43
0.906 " 23.4 353 |3
12428 0z 499 7.2 838 0.898 9.333 'z.i97 .087 .166 7 76.8 9.59
0.901 9.270 2.115 .209 .185 6 77.1 9.51
0.920 9.242 2.103 .110 142 7 77.2 9.48
0.906 77.0 953 I3
12601 2 3042 7.0 7.0 0.808 4.997 0.217 .110 Jd14 -| IO 87.5 5.00
0.811 4934 0.256 158 134 10 87.0 4.94
0.810 87.3 4.97 2 (27)
12635 A.G. 296 9.1 Q.2 0.901 4.458 3.194 197 .138 6 54.4 5.48
: 0.920 4.438 3.245 .248 142 8 53.8 5.50
o.910 54.1 5.49 2
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B. A.N. 3. LEIDEN 199
m.e. of Iexp.
G.C Name mag. 1920 Ao cos & Ad . 6 .
& 920 + “ Ao cosd Ad exp e "

y ” ” ” ” o] ”
12675 b 3050 6o 60 0.808 1.146 1.154 | + .114 4 .142 8 224.8 1.63 I (28)
12701 B 733 AB,C 6.0 8.3 0.863 26,998  53.217 197 114 10 333.10  59.67 I
12746 b 3061 80 8o 0.898 4.040 6.395 122 .150 5 147.7 7.56

0.901 4.084 6.391 .075 095 6 147.4 7.58

0.920 4.080 6.379 .055 .083 7 147.5 7.57

0.906 o 475 757 |3
12750 .2 3060 85 87 0.898 2.634 1.819 .245% .166 5 125.0 3.22

0.901I 3.040 1.906 .205 .087 5 122.1 3.59

0.920 2.780 1.733 154 .197 7 121.9 3.28

0.906 123.0 3.36 3

NOTES.

(1) The north preceding star is a trifle famter on
the plate.

(2) Magnitudes equal; distance probably too small.

(3) The magnitudes are equal on the plate, hence
different colours. STRUVE gives: yellowish, bluish.

(4) The south component is fainter on the plate.

(5) The second distance weight 1. Components equal.

(6) Magnitudes equal; a little increase in distance.

(7) Angle increasing. Dynamical parallax (JACKSON
and FURNER’s formula) p, ="-032.

(8) Magnitudes equal. Common proper motion of
0”116, .in 186°9 (FURUHJELM). The angle has
decreased 5° in 100 years at a mean distance of
5"°10. p. ="018. .

(9) Magnitudes equal. A small increase in angle.

(10) Common proper motion of 0”35 in 270° No
relative change.

(11) Magnitudes nearly equal on the plates; different
colours.

(12) Common proper motion of 0”2 in 260°;
vely fixed.

(13) Change from proper motion. The difference in
magnitude seems larger on the plate than visually.

relati-

(14) First measure weight I. Distance probably too
small.

(15) The north following star is fainter on the plate.

(16) Magnitudes equal.

(17) The north preceding star is fainter on the plate.

(18) The south preceding star is fainter on the plate.

(19) Common proper motion of 0”7 in 296°. Change
in distance. p, = "'046.

(20) Angle and distance slowly increasing.

(21) STRUVE's 4, B and C are resp. C, 4 and B
here. STRUVE gives C o™5 brighter than the com-
ponents of the close pair; on the plate it is
much fainter. STRUVE gives the colour yellowish,
and the close pair white.

(22) The north following star is fainter on the plate.

(23) ¢, Lyrae. Distance too small.

(24) e, Lyrae. Distance much too small; not separated.

(25) Magnitudes equal.

(26) Distance probably too small.
change in angle.

(27) The following star is a trifle fainter on the plate.

(28) The distance much too small. Not separated.

Maybe a little
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