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The errors met with in photographic measures of
double stars may be classified as follows, though a
precise discrimination between the various kinds
cannot be made: .

A. Errors inherent in the photographic image,
B. Errors of measurement,
C. Personal errors of interpretation of the image.

Each of these types of errors may be divided into a
systematic and an accidental part.

The squares of the mean accidental errors of these
three kinds are designated réspectively by I (image),
M (measurement) and P (person). ,

The separation between I and P is naturally con-
ventional and may vary from one person to another
according to the way in which the centre of the
image is chosen. E.g. one person may point on.the
blackest spot he can find in the image even if it is
lying eccentrically, while another will try to cut the
whole image into two equal parts.

It is well known that marked personal errors are
shown by ordinary visual measures of double stars and
these errors soon put a limit to the number of nights in
which it pays to have a doublestar visuallymeasured by
a single observer. This number of nights is about three.

The question to which extent personal errors also
exist in photographic measures of double stars is of
equal importance as the systematic character of such
errors will determine the maximum accuracy which
can be reached by a single person. Otherwise than in
the case of visual measures the material for obtaining
a judgement of personal errors in photographic
measures is very scarce. The same series of photo-
graphs of double stars has rarely been measured by
more than one person. Only two notable cases of
this kind are known, viz. the measures 1° of a number
of Potsdam plates of £ UMa by W. H. van pEN Bos
and the writer (Mém. Acad. Roy. de Danemark, section des
sciences, 8e série, t. XII, no. 2; 1928) and 2° of several
other plates of 6 different double stars by K. Aa.
STRAND and the writer (Ann. Sterrewacht te Leiden,
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XVIII, part 2). As only three persons are concerned
with the measures just mentioned they throw but
little light on the question of systematic personal
errors. For this reason the writer thought it desirable
to have a plate, carrying several exposures of a double
star, measured by a number of persons sufficiently .
large to obtain an idea of the general variation of the
systematic error from one individual to another.

The present investigation is based on a single plate,
no. 271, of Antares taken with the visual refractor at
Johannesburg diaphragmed to 30 cm aperture. The
focal length is 1070 cm and the scale on the plate
1 mm = 18"°gog. The plate was taken under excellent
atmospheric conditions when the object was near to
the zenith. A coarse grating, which gave diffraction
images of the brighter component nearly equal to the
central image of the 4m fainter companion, was
placed in front of the objective. The position angle of
the wires of the grating was 81°. The distance be-
tween the spectra of the first order and the central
image was 259 ¢ or 4"°go. The constant of the grating,
d + I, was 2329 mm and the effective wavelength of
the images "553 v.. The diameter of the images meas-
uredisabout 45p.and of the not measured central image
of the brighter component about 147 ¢. The exposure
time was generally about *4 seconds and was chosen as
short as feasible in order to avoid systematic photo-
graphicerrorsin distance of this close pair. The distance
on the plate between the two stars is 1594 and the
corresponding clear space between them 159 —
1 (45+ 147) = 63 p. Systematic plate errors are there-
fore hardly to be expected.

The plate carries two rows of respectively 31 and 35
exposures separated by a trail of Antares for the
direction of the daily motion. The last image, no. 66,
was for identification purposes exposed distinctly
longer than the rest. The plate was taken 1931 April
24th round 17"5™ sid. time Johannesburg or in the
conventional counting of years 1931°311. The temper-
ature was 12° C and the focal reading 486 mm. A
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yellow screen was used in combination with an Eisen-
berger erythrosine plate. :

This plate was measured by 45 different persons.
The main results are given in Tables 1 and 2 in the
form of mean values respectively for each person and
for each image. The measurement was carried out
separately in the two rectangular co-ordinates Az cosd
and AJ and made in Leiden with the Toepfer machine
of the Danish Carlsberg Foundation. The plate was
moved micrometrically in one direction and measured
both with the film turned toward the microscope and
through the glass, the plate being turned 180° round
an axis parallel to the pointing wire. In this way
certain errors of measurement are eliminated.

In Table 1 mean results obtained by each person
are given in chronological order of measurement. The
choice of the images to be used was left to the person

254 LEIDEN B.A.N. 346
TABLE 1.
|
date e \ n, | Az cos d A 2M4+1 | 7f g AF A 2M+-1

| _y ¢ v | 2 v
E. HERTZSPRUNG _ 103238 |- 44 ' 50 15884 — ‘o4 101 | 53 , 50 | 13°32 ‘o4 | 116
~G. P. Kurper ‘39 51 . 56 8-8o — "09 73 587 52 316 — 11 - 85
P. Ta. OOSTERHOFF ‘39 51 54 828 ; — ‘6o 90 . 55 | 358 287 — 40 | 102
W. H. van peEN Bos 35°47 63 . 63 9°04 ‘16 7°s 65 = 64 300 — 27 71
D. Reuvr ‘87 46 | 45 9'35 "46 86 44 39 28 | — 43 = 55
M. SCHWARZSCHILD ‘04 64 ' 64 846 — 42 11°4 63 63 337 ‘1o | 100
K. Aa. STrAND ‘97 58 59 = 8o4 — 84 11'6 60 | .60 227 —1°00 } 12°6
J. MERGENTALER 3644 | 54  (53) ¢ (870) | (— '18) 57 54 368 41 92
F. pE Haas ‘50 61 | 60 - 893 ‘04 152 | 62 61 3°45 18 16°4
Miss ‘H. A. KLUuyvER ‘64 63 63 . 861 — 27 204 ! 60 60 273 — 54 | 113
J. M. ABrawms ‘65 52 . 54 = 9'5I ‘63 10'I “ 61 56 2°51 — 76 13'1
J. pE Kort 66 | 46 | 57 9'42 54 15's | 51 | 55  3'40 13 l 15°4
D. GavykeEMAa 71 64 62" 941 ‘53 97 | 62 61 314 — 14 | 68
A. van Hoor | 73 45 | 48 9'91 1°02 60 . 50 ' 49 3°53 26 | 65
J. Zeeman | 74 s2 | 52 9'45 ‘57 81 | 48 53 406 79 | 76
C. J. Kooreman i 74 | 46 . 52 . 979 ‘91 68 . 51 ;| 53 349 21 58
A. J. WESSELINK i 75 46 33 . 922 ‘34 71 . 36 35 3'55 28 [ 72
L. Praur i 75 65 65 |, 863 — 25 88 65 65 2°42 — 86. | 79
A. DE SITTER ! 75 55 51 | 9'0§ ‘17 86 ‘ 56 55 3°09 — 18 10°1
G. vaNn Herxk | 76 65 65 ' o904 . ‘16 136 | 65 | 65 2°91 — 36 | 1077
R. PrRAGER L7 63 65 890 | ‘02 43 | 64 63 3°62 '35 92
J. H. Oort b3 50 48 ' 878 | — ‘10 49 | 45 42 3'43 | ‘16 5'0
C. H. Hins | 27,1 58 | 47 948 ‘60 86 1 .55 53 427 | 100 8o
A. Braauw o 28 64 64 88 | — ‘oz 141 | 65 ' 65 329 | ‘02 | 1079
J. UrrterpYK . ‘29 58 58 881 — o8 73 | 60 = 58 336 ‘09 1 85
W. CHR. MARTIN ‘30 62 64 845 — 44 83 | 63 64 ' 280 L — 47 6
G. Pris | ‘31 65 = 65 821 | — 67 11'8 65 | 65 ' 322 | — o5 127
C. SANDERS ! 34 62 ' 64 852 .| — 37 13'3 | 64 64 341 | ‘13 10°4
L. BINNENDYK : 37 65 65 854 | — 34 11’3 | 65 ' 65 361 | 34 10'6
H. KLEIBRINK } 39 62 64 853 1 — 35 149 | 64 = 64 272 | — ‘56 11°6
H. van GENT | 44 60 62 929 | ‘41 83 63 . 63 331 ‘03 7
J. G. FERWERDA ! 53 52 52 906 | ‘17 104 | 52 . 53 367 ‘40 | 9’5
R. ROELOFs f 53 64 65 8-88 — "00 102 | 64 | 65 353 ! 26 | 1079
F. NisoL: 38°41 64 64 907 | ‘19 103 . 64 | 65 2°52 — 7§ i 100
J. ScHiLT ‘51 44 44 819 | — 70 119 43 40 3°33 ‘06 - 81
W. J. LuyTEN ‘53 65 65 815 | — ‘74 95 65 - 65 330 | ‘02 | 107
H. M. JEFFERS ] 73 42 44 9'90 | 101 70 | 47 . 41 397 ‘69, 39
J. M. Kriest ( "84 6s 65 927 ‘ ‘39 194 | 65 | 65 293 | — 34 | 99
H. W. R. Krauss ‘86 63 - 55 822 | — ‘66 76 1 63 63 380 ‘53 ‘ 10°0
G. V. SmMoNoVv 39°32 64 | 59 893 | ‘04 130 | 62 . 62 398 71 164
M. RUDKJOBING ‘45 66 66 816 | — 73 194 66 . 66 297 | — ‘30 | 134
A. D. THACKERAY ‘49 .53 ! 6o 841 | — ‘47 9o | 58 ' 51 . 324 | — ‘03 | 83
P. SEmiroT , ‘62 64 65 855 | — 34 108 | 65 | 65 ' 303 i — 24 5 11°0
W. H. Dirks ' 78 57 65 884 | — ‘04 13°1 62 ' 61 377 so | 873
D. BENNINK 40°03 59 65 908 ‘19 16°1 57 63 3'37 ! ‘09 | 9’3

who had to do the measures. The images measured in
the two positions of the plate were not always the same
so that images of inferior quality automatically ob-
tained half weight.

Between the two measures of Az cosd made by
MERGENTALER the plate was erroneously turned round
an axis parallel to the trail. These measures have
therefore been used only partially. They are placed in
parenthese in Table 1.

All the readings were made in microns.

In Table 2 the results are given separately for each
image. It includes all measures made, also those
which were rejected in Table 1. The total number of
single settings used is 31332. :

The relative weights given in Table 2 are rather

arbitrary. They are mainly based on the indication
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TABLE 2.
) number of ,‘ number of
g exposures 1 " exposures 1
R measured Az cos & r; o A M+P| .M measured Ad r; : A M+P| M
e}
A |
g | n l ny |2ngtmy ) | np | oM l2”2+"1
) AlL ‘1/. Auz ) ALL 2 Ku IM ALL 2 AU'Z
1| 29 6 64 |158'88 5 ‘00 829 898 29 | 10 68 970 6 | —371 9'39 |- 462
2| 31| 7| 60 | 5540 6 | —348 | 442 | 399 | 33| 7| 73 9251 7 | —416 | 320 | 374
3138 | 6| 8 6359 | 10 471 | 456 | 241 | 39 | I 79 | 16776 | 10 3'35 | 396 | 348
4 | 39 4 82 5806 1o | — 82 | 724 | 433 | 45| o 90 16'01 18 260 | 208 1'99
5 | 42 I 8s 5738 15 | —1'50 | 324 | 2°9o0 | 4I 2 84 16'07 13 2°66 | 388 3°24
6 | 42 3 87 60°66: 17 178 268 296 | 44 I 89 15°57 18 2°16 2°'15 3°06
7 I 1 3 5850 o | — 38 (33°06) I o 2 800 o | —5'41 (12°21)
8 | 44 I 89 59°06 18 ‘18 | 260 1'13 | 45 o 90 14°54 18 1'13 384 1'80
9 | 27 5 59 6182 4 294 | 617 | 488 | 27 | 13 67 12°00 6 | —r141 5°9I 225
10 | 40 5 85 57°56 15 | —132 | 296 2°25 43 1 87 12°49 17 | — ‘92 | 2'I7 2°0I
11 | 36 8 8o 5666 10 | —222 | 2go | 266 | 27 | 15 69 1677 6 336 | 491 1'95
Iz | 31 | 10 | 72 | 54'49 7 | —439 | 332 | 277 | 39 | 2 80 | 1288 | 10 | — 53 | 370 | 133
13 | 40 5 83 61°32 15 2'44 | 324 298 | 41 4 86 1387 16 *46 1'55 2°65
14 | 44 I 89 59'31 18 ‘43 1'81 2'34 | 45 o 90 12°23 18 | — 118 | 228 | w05
15 | 44 I 89 6241 18 353 2°65 308 | 42 I 85 14°51 15 1'10 1'57 277
16 | 43 2 88 6086 18 1'98 1'92 2°11 40 5 85 1343 15 ‘02 | 2'47 | 296
17 | 29 | 10 68 59°'92 6 1'04 | 402 326 37 6 8o 1423 10 82 193 1°'90
18- | 43 2 88 58'39 18 | — 49 196 |" 1°09 | 45 o 90 15'47 18 2°06 | 502 1'00
19 | 39 5 83 56°26 10 | —2%2 | 300 2°43 39 6 84 11°68 13 | —173 276 186
20 | 44 1 89 6026 18 1'38 125 -83 45 o | 9o 12°28 18 | —r113 107.| 136
21 37 7 81 57°50 10 | —1°38 2'08 1°59 38 5 81 1270 0 | — 71 277 1°34
22 | 44 I 89 58'94 18 ‘06 | 356 1'85 | 45 o 90 12°91I 18 | — ‘50 1°43 221
23 | 43 2 88 59'93 18 1°05 2°09 1°35 45 o 9o 1387 18 ‘46 2°40 1'64
24 | 43 | 2 | 8 5529 | 18 | —3'59 | 313 | 229 | 43 | 2 | 88 972 | 18 | —369 | 269 | 1'49
25 | 16 8 40 50'58 2 | —830 |11'30 | 771 20 | 11 51 |- 562 3 | —779 | 6'58 2°97
26 | 44 1 89 6072 18 1'84 1'38 ‘99 44 1 89 14°'40 18 ‘99 1'30 1°38
27 | 44 I 89 5712 18 | —176 1'07 126 | 45 o 9o 14°38 18 ‘97 | 2°'50 1°96
28 | 26 8 60 6355 4 467 | 2'03 270 | 32 9 73 10°42 7 | —2'99 1'68 2777
20 | 44 1 89 59'06 18 108 1'49 1'82 | 45 o 90 16°69 18 328 | 281 2°68
30 | 43 2 88 59'88 18 1°00 177 179 | 44 o 88 10°88 18 | —2'53 261 260
31 | 33 8 74 6035 - 8 147 | 321 1'85 27 7 61 12°02 5 | —139 (1187 | 443
32 | 34 7 75 6289 8 401 5°25 482 | 43 1 87 13°45 17 ‘04 | 2°60 1'8o
33 ] 42 | 3| 87 | 5928 17 40 | 339 |. 309 | 41 | 3 8 | 17'16 | 15 375 | 399 | 3oI
34 | 19 | 18 | 56 |s5165 | 4 | —723 | 464 | 312 | 30 | 7 | 67 946 6 | —395 | 439 | 338
35 37 5 79 60°9o 10 2°02 2'68 271 40 3 83 1473 12 132 1°47 1'92
36 | 30 7 67 6322 6 - 434 | 2°66 436 | 31 9 71 1112 7 | —229 | 2°'04 3°00
37 139 | 6| 8 5504 | 15 | —294 | 257 | 247 | 43 | 2 | 88 | 1598 | 138 257 | 188 | 148
38 | 44 1 89 5878 18 | — ‘10 1°47 226 | 44 I 89 12°39 18 | —r1'02 172 2'45
30 | 44 | 1| 89 (5746 | 18 | —r1'42 | 195 | 145 | 44 | I 8 | 1246 | 18 | — ‘95 96 | 113
40 | 28 3 {59 60°29 4 141 661 3’10 27 I 55 12°83 4 | — 58 527 483
41 | 37 8 82 56°95 10 | —1°93 216 1'63 39 2 8o 13°46 10 ‘05 3°43 2°86
42 | 44 I 89 55°47 18 | — 3741 1'62 1'49 | 44 I 89 16°38 18 2°97 1'60 1'47
43 | 41 4 86 6072 16 184 | 2'56 176 | 45 o 90 13°81 18 ‘40 1'89 1'33
44 | 44 1 89 | 5867 18 | — ‘a1 1'55 1'85 45 o 9o 13'03 18 | — 38 298 271
45.| 42 | 3| 8 |s5807 | 17 | — 81 | 135 | 251 | 40 | 3 85 | 128 | 15 | — 55 | 695 | =291
46 | 43 | 2| 8 | 5892 | 17 ‘04 | 1°40 85 | 45 | o | 9o | 1379, 18 38 78 | 179
47 | 37 | 3| 77 | 6131 9 243 | 438 ] 254 | 40| 4| 84 | rr15 | 13 | —=226 | 352 | 330
48 | 44 I 89 56°29 18 | —2'59 2'62 202 -| 45 o 90 1276 18 | — 65 288 1'9I
49 | 44 I 89 57°11 18 | —177 | 484 1'00 | 45 o 90 1128 18 | —213 2'52 1'32
50 | 43 I 87 61°34 17 246 | 241+ 133 | 44 o 88 1177 18 | —1'64 170 | 1'38
51 | 30 5 65 6065 6 1777 | 2'88 3°31 31 7 69 839 6 | —502 | 545 267
52 | 10 9 29 54’10 o | —4778 |1392 371 12 8 32 10°58 o | —283 5°60 2°99
53 | 23 | 9| 55 | 5740 4 | —1'48 | 354 | 364 | 26 | 6 58 | 1541 4 200 | 719 | 37§
54 44 | 1| 89 |s5514 | 18 | —374 | 359 | 18 | 45 | o | 9o | 1349 | 18 o8 | 247 | 196
55 | 371 9| 8 |5992 | 10° 104 | 339 184 | 30| 5 83 | 1862 | 12 521 | 237 | 1'40
.56 | 36 7| 79 |5937 | 10 ‘49 | 314 | 199 | 44 o | 88 | 1388 | 18 47 | 2770 | 2°33
57 |.32 | 13 77 6162 1 274 175 |. 1°40 | 42 3 87 10°59 17 | —=282 | 2'16 1'65
58 | 44 I 89 5760 18 | — 128 1'60 1'42 | 45 o 90 13°22 18 | — ‘19 |'1'42 1°36
59 | 38 4 8o 5807 10 | — 81 5°8o 232 | 37| 6 8o 1245 |*10 | — 96 | 889 357
60 | 42 3 87 6131 |- 17 2'43 3°00 1°39 34 8 76 1176 9 | —165 3'63 260
61 | 44 I 89 5817 18 | — 71 128 74 | 45 o 9o 12°11 18 | —1°30 1°27 -89
62 | 44 I 89 59'80 18- ‘92 1'§52 1'57 | 45 o 90 12°66 8 | — 75 2°07 1-81
63 | 29 9 67 50°02 6 1’04 | 326 3°06 31 6 68 15°57 6 216 | 2'37 1'88
64 | 44 1 89 57'97 18 | — g1 2°00 152 44 1 89 13'48 18 ‘07 2°10 2'06
65 | 44 | 1 | 89 | 5962 | 18 74 | 273 ] 4’59 | 42 | 3 8 | 1489 | 17 148 | 335 | 247
66 | 23 | 4 | 50 | 5657 3 ¢+ —=231 1 239 ) 201 | 24| 51 53 | 12708 3 I —133 | 755 0 263
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of the quality of the image given by the frequency
with which it has been chosen for measurement.

The deviations A from the weighted mean as they
are given in Table 2 are practically only due to defects
of the image concerned. Arranged according to the
weight p and divided into three groups the following
mean values are obtained:

number of images weight A2 =1 2 M
Mz cosd + Mg

54 180 30 36

42 1372 4’2 47

32 55 130 71

Here it is again confirmed (comp. Potsdam Publ. 63’
Vol. 22, p. 16) that the square of the mean error of one

"TABLE 3.
Image no. 22.
Az cos & Ag
measured by

2f | 28 | « N

—300(—300| ~ Alaflzg) = 14
E. HERrRTZSPRUNG 1 6 (17! 5|24 (36|60 |12
G. P. Kuiper 23 | 12 |35 |11 |19 |3I |50 | 12
P. TH. OOSTERHOFF 6 | 17 |23 |11 |22 |26]|48]| 4
W. H. van pEnx Bos 20 | 16 |36 | 423124 (47| 1
D. ReuvyL 25 | 16 |41 | 9|23 |28 |51 | 5
M. ScrwaRrzscHILD 22 | 25 (47| 3 (3128|359 3
K. Aa. STrRaND 12 | 13 | 25 I|25 (22 (47| 3
J. MERGENTALER 21 | (18) 31 |30 |61 | 1
F. pE Haas 19 | 18 |37 | 1|28 |26 |54 2.
Miss H. A. Kruvver | 15 | 23 (38| 8|25 25|50 o
J. M. Asrams 22 | 24 (46| 2|28 |13 |41 |15
J. oE Korr rl27 | 18 45| 92231 (53| 9
D. GAYKEMA 15 9 (24| 612227149 | 3
A. van Hoor 16 | 22 (38| 6|22 |29 |51 7
J. Zeeman 24 | 19 |43 | 5|30 |27 57| 3
C. J. KooreEmaN 21 | 18 |39 | 3|22 |28 |50 6
A. J. WESsELINK 17 | 15 |32 | 2 (26|30 (56| 4
L. Pravur 17 | 11 (28| 6|26 |25 |51 | 1
A. DE SITTER 18 | 25 (43| 7252247 3
G. vaN Herx 18 | 21 | 39| 3322658 6
R. PrAGEr 18 | 20 [ 38| 2]26|2955]| 3
J. H. Oort 23 | 23 |46 |. 025 |25 |50 o
C. H. Hins 20 | 22 (42| 2|28 |25 !53] 3
A. Braauw 21 | 22 | 43 I 22|25 (47| 3
J. Urrrerbvk 21 | 25 |46 | 4|26 |27 53| 1
W. CHrR. MARTIN 12 | 18 |30| 6|30 |25 |55 5
G. PELs 1T | 13 |24 | 2|20 (25 45| 5
C. SANDERs 9| 19 |28 10|27 |25 |52 2

. L. BINNENDYK 17 | 22 (39| 5|22 |26{48 | 4

H. KvreBRrRINK 18 | 14 32| 4|23 |37 |60 14
H. van GentT 20 | 22 |42 | 2|24 |27 |51 | 3
J. G. FERwWERDA 22 | 20 |42 | 2|26 |31 |57 5
R. RoELOFs 16 | 19 (35| 3|24 (26 |50]| 2
F. Nisor: 14 | 21 {35 7|26 |24 |50]| 2
J. ScuiLt 14 | 19 | 33| 5116 |27 |43 |11
W. J. Luvten 19 7 12612253156 6
H. M. JerrErs 24 | 19 143 | 5127|2552 2
J. M. Krigst 18 | 21 (39| 3 (22 28|50 6
H. W. R. Krauss' 9| 14 23| 5({27/33|60| 6
G. V. Smmonov 19 | 16 | 35| 3121|3354 |12
M. RubpkjeBING 16 | 15 | 31 1.24/29[53 | 5
A. D. THACKERAY 20 | I9 [ 39 | I |24 |25 |49 | I
P. SémiroT 16 | 10 [26 | 6 |23 |24 |47 | 1
W. H. Dirks 23 | 18 {41 | 5122 {28 50| 6
D. BenNINK 18 1 18 (36| ol21 |22 (43| 1

LEIDEN

FiGuURE 1.

Image of Antares 61 times enlarged, thus corresponding to an
equivalent focal length of 665 metre.

setting is about equal to that arising from defects of
the image.

In Table 3 the complete measures on the image no.
22 as made by different persons are listed. One
setting was made on each of the two diffractionimages
of the brighter component. The difference between
the sum of these two settings and twice the setting on
the central image of the companion is for each person
given in Table 3 separately for Az cos 0 and Ad and
for measures with the film turned toward the mi-
croscope (f) and through the glass (g). The sums of
the powers o, 1 and 2 of 2f — 300 4 2g — 300 for
Ax cos 0 are respectively 44, 1570 and 58472. The
square of the mean deviation in 2f 4 2g¢ for one
person therefore is (44X 58472 — 15702) /44X 43 =57
orin (f+ g)/z 57/16 = 356 ».2. This is the figure en-
tered under the heading M + P in the 8th column of
Table 2. The mean square of the difference between
2f and 2g is 1300/44 = 29'5. The figure 29'5/16 =
1'85 v.? is found under the heading M in the gth
column of Table 2. M is thus the square of the mean
error of setting involved in the mean value of (f+ g)/2
and P is the square of the mean personal error.

In Table 4 the measures executed by RUDKJ@BING,
the only person who made complete measures of
all the images, are given. The sums of the powers o, 1
and 2 of 2 fand 2g for A are respectively for f: 66,1764
and 51162 and for g: 66, 1660 and 44876. The sum of
the squares of the deviations from the mean therefore
is for 2f: (66 x 51162 — 17642%)/66 = 4015 and for
2g: (66 X 44676 — 16602)/66 = 2924. The square of

| the mean deviation therefore is in the mean for 2/ and

2g: (4015 +2924) /(66 4 66 — 2) = 53°4 or for fand g
53°4/4 = 13°4 1.2 This is the figure entered in the last
column of Table 1 under the heading 2 M + I, where
- 1is the square of the mean error due to 1mperfect10ns
é of the image.

.
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TABLE 4. ’ FiGURE 2.
Measures by Rupkj@BING. 0 —— T — T ——
Az cos d Ad 8+ o -
image - : /; .
no. 2f 28 . < - L N
— 300 | — 300 X A 2f | 2g| = A 7 p
6F L i
d

I 19 24 43 5 | 17 | 21| 38| 4.| L . . J

2 10 15 25 5 15 | 15 | 30 o 5 . // o

3 18 17 35 | 1 | 47 | 29 | 76 18 | .| o * -
4 8 . 1| 9 7 125 |30 | 55| s » t

5 18 1o . 28 8 | 28 | 32| 6o 4 | 3t ‘.”C * . . i

6 22 26 . 48 4| 33| 24 | 57 9 R “ .

7 1 |—22 | —a1 23 9 | 23 | 32 | 14 2 | b IR i

38 12 13 { 25 1| 18| 22 | 40| g4 ,{‘4: .

9 24 22 46 2 | 27 | 25 | 52 2 1} ,"‘, . . i
10 24 16 | 40 8 | 22 | 30 | 52 8 ‘ ,
1I 14 14 28 o 29 27 56 2 o L 1 ) 1 ) 1 ) 1 1 ) L 1 L
12 6 4 1 (I)o g 32 | 27 | 59 5 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
I o] 24 I o 2 . . )

Ii ‘1}8 13 ‘ 3‘: 5 ,321 22 ig ; Az cos 3, abscissa: M+P, ordinate: M.

15. 19 32 51 13 32 17 | 49 15
16 23 20 1 43 3 | 20 | 21 | 41 1 /

Ig 12 15 | 27 3 3g 32 27 3 .

1 13 22 | 35 9 3 27 3 9
19 13 18 | 31 5| 26 | 24 | 50 2 ‘ : : Ficure 3
20 23 25 48 2 28 20 48 8 9 T T T T T 1 T T P T T 1 1
21 21 18 | 39 31 29 | 31 | 6o 2 7
22 16 15 | 31 1| 24 | 290 | 53 5 8t 7 .
23 | 24 23 . 47 1| 35 | 20 | 64 6 ,

24 14 9.1 23 5| 16| 20360 | 4 | 7 " )y

25 16 2 | 18 14 | 19 6 | 25 13 /’

26 14 | 23 0 37 9 | 28 | 25 | 53| 3 | 6 . ]

27 12 14 | 26 2| 19| 33| 52 | 14 i

28 28 30 | 58 2 | 24 | 12 | 36 | 12 51 o . B

29 22 21 | 43 1|39 ] 29| 68 | 10 B .

30 13 22 | 35 o | 21 | 28 | 49 7 4T ./ . . 7

31 23 23 46 o | 15 | 28 | 43 | 13 i o, s

32 27 29 56 | 2|20 |25 |45 | 5 |3 r el St ]

33 17 21 38 4 | 40 | 30 | 70 | 10 L o e . |

34 |—8 |—1 [ — 09 71 23| 11| 34 | 12 . '<'§."" o *

35 28 28 56 o] 38 | 20| 67 9 s st . . |

36 [ 22 32 54 | 10| 37 | 23 | 60 | 14 -
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