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COMMUNICATION FROM THE OBSERVATORY AT LEIDEN

Estimates of fifteen variable stars in Vela and Puppis, by %. de Kort.

The present estimates of variable stars were made
with a ten times enlarging eyepiece on plates taken
at Johannesburg by Dr H. van Gent and Dr A. pE
Sirrer  with the Franklin-Adams instrument. The
plates cover a field of 10° X 10° with Boss P.G.C. 2267

The main results are collected in Table 1. In the
sixth column the following abbreviations are used:
Hzg for E. Herrzsprung '), In for R. INNEs 2),
dK for the writer, Pl for L. Praur 2). The Julian
Days are given in heliocentric mean astronomical

2420000) X the reciprocal period given in Table 1.
The epochs were defined in various ways, which
are briefly indicated in the ninth column. Generally
the sharpest definition which was possible, given the
character of the variation and the accuracy of the
observations, was selected.

The photographic magnitudes given are to be
considered as provisional only. They were obtained
in the following way. Photographic magnitudes of,
on the average, two comparison stars were derived
from star counts with the aid of the quantities
log Nm, g, given in Groningen Publ. 43. Of the fainter
comparison stars no magnitudes were determined

in this way, the faintest magnitude actually ob-

tained with our counts being 14m'6. These magni-
tudes fix the zero points of our estimates. The scale
has been derived from estimates on plates taken
with a coarse grating (Am= m'g7) in front of the

"as centre. time Greenwich. The phases, unless otherwise stated,
TABLE 1.
. (m.e.) : ;- J.D.
o (1875'0) ¢ (1875°'0) type |period unit: last re}c)ggggal fog;ld III::;; minimum | central epoch (m.e.) eﬁi;;{;
place —2420000

h m s ° , d + da m s m s d = %
a|7 59 452 —48 06’5 |long-per.| 201 — — dK |13'5 20 [15'6: [17°0 jmax 6516 — —
b| 8 o4 302 —43 377 |long-per.| 461 — — In |12'0 —1'2| 16'0: 381 |max 4802 — —
c| 8 o4 434 —46 o091 |long-per.| 303 — — Hzg (117 —2'0] 162 29’0 jmax %383 — —
d| 8 o8 244 —48 384 Algol 2710900 13| 3688116 | dK |12°9 6°0 [14°9: [33'2 imin 6393°910 ‘024 13
e| 8 o9 177 —47 452 |long-per.| 1185 — — dK |11 54| 1177 83 lmax 6659 — —
S1 8 11 173 —45 238 | WUMa 2X ‘1672038 ¢ |2'9903633 | dK |13'8 61| 142 139 Imin 6307'690 ‘oo1 2°3
g1 8 14 o177 —45 oo2 | WUMa 26498597 23 | 3773792 In |12'9 34| 138 109 |4 br — oo16, 16
hi 8 18 093 —46 544 | J Cep 3°372462 23| 2965185 | dK |14'0 19, 15'1: 16°9g |ris br 6339'204 ‘013 2°4
118 23 485 —39 394 |pec. Algol| 772461 27 | 1°204563 dK |12'1 12| 13’0 %78 |min 6141°36 ‘018 —
k| 8 25 137 —41 089 [pec. nova — — — dK (132 —| 143 — | — — — —
1|8 31 056 —48 160 | WUMa |2X "1510482 6 |3°310201 dK (140 16 15’1 43 |min 6288617 ‘003 56
m 8 35 412 —42 231 | WUMa 5162856 12 | 1°936912 dK l1o's 15 112 %74 |4 br — 004 I'I
n| 8 40 208 —44 318 Algol 42308 — | 23636 Pl j12'5 8 13’4 31 |min 618348 — 32
0| 8 41 218 —46 496 | W UMa ‘4905399 17 | 2038569 Pl 140 8 | 153 31 |[ris br 6400657 ‘003 2°'5
P18 43 3577 —42 118 Algol 1°344807 6| 743601 dK |132 6 | 1570 23 |desbr6459'522 ‘002 —

have been computed as follows: Phase = (J.D.— | objective. Some of the magnitudes at low brightness

will be systematically too bright. When this effect is
probably more pronounced, the magnitudes are
marked by a colon. In cases where the variable was
invisible on the plate, it has been indicated that its
brightness is fainter than the faintest visible com-
parison star. The photographic magnitudes for star
k were obtained in a different way described below.
The values derived from star counts are 13m'3 and
1326 for the comparison stars a and c respectively.

The mean error of a single estimate was usually
derived by means of the expression /Z(As)2/2n,
where As is the difference in brightness between two
observations following each other in phase and 7 the
number of differences.

1) Unpublished discovery.
2) U.0.C. No. 35, 276 (1916), cf. R. PRAGER, Astr. Abh.

9, 3 (1934)-
3) Unpublished discoveries.

245

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


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1941BAN.....9..245D&amp;db_key=AST

FTI942BAN. - 2.0 T Z45D0

246
TABLE 2.
a f [
a 131312 "o b - : '8 11
- 137 39 a 138 112
b 138 40 c 140 B89 b 142 197
c 143 81 d 142 134 c 14’5 279
d 149 12'5 e 14’5 186 d 149 386
e 156: 170 f 147 227 e 152 472.
b e S m
m s lgl Ii'l §'1
A 2T 0 i s 9 | a 103 o
a 120 43 |1 149 154 | b 108 72
b 130 9% c Irr 7z
c I35 145 d 11c 12
d 141 2075 g 5 5
fq 147 255 ) a so sk
15'3 300 26 : © °
g 156 337 | § 32 60 | B 27 29
h 161 389 c 140 127 ¢ 44 6.2
d 84 99
c
m s h n
a Iz.o ‘o m 5 m S
b 128 354 A 139 ‘0 a 122 ‘0
¢ 13’5 100 a 141 33 b 124 60
d 143 157 b 144 69 c 129 177
e 151 212 c 147 110 d 134 307
f 158 257 d 151 15% e 137 400
e 154! 202
d 0
A m s i
12°4 o m s
i . a 136 ‘o
a 12°7 4’2 . .
b 130 79 f un']g ?o E ;3.9 15.7
d 133 1279 g 125 42 d 14% 2?.7
e 137 182 h 131 8% 4 4
f 139 2175 e 136 117 ¢ 153 3271
g 142 265
h  14'5: 296 b
i 147 332 k m s
m a 12°5 Ke)
e a 131 b 130 471
m s b 135 c 134 8o
a 100 ) c 137 d 138 125
b 112 57 d 140 e 142 166
c 123 II'3 e 151 f 147 207

The brightness of the comparison stars, the ob-
served epochs compared with an ephemeris and the
mean light curves are given in the Tables 2, 3 and 4
respectively. Estimates marked as uncertain when
made have been omitted from most of the mean light
curves.

In Figure 1 the angular size of each diagram is
indicated in the lower right corner or along one of
the sides.

In Figure 2 each division on the line of abscissae
represents one tenth of a period. The phases ¥*5 and
P-0 are marked by larger divisions.

Remarks on individual variables.

a. The period was derived from the observed
maxima as well as from the branches. The maxima
differ in width and their dispersion in brightness is

LEIDEN

B.A.N. 345

of the order of 4+ =-4. The minimum brightness
probably is below the limit of even the best plates.
The mean light curve is, for its observed upper part,
approximately of the type «3 according to LUDEN-
DORFF (Hb. d. Ap. 1, 627, 1934). It was used to reduce
the observed epochs to the nearest time of maximum.

b. This star has a faint southern companion visible
on the sharpest plates. I always endeavoured to esti-
mate the combined brightness of the pair. The appar-
ent range is, probably, not much influenced by the
presence of the companion. The mean light curve is
of LUDENDORFF’s type «,. The first of the epochs of
maximum given is one of INNES’ observations, the
second being found on The Photographic Map of the
Sky South of —19° (1875), (cf. U.0.C. No. 38)
—46°, 42. .

Three old minima at J.D. 2418765, 2419513 and
24210006, the first of which is found on Plate 3 of
H.A.72, No. 3, the second on Franklin~Adams Chart
No. 32 and the last of which is given by INNEs, agree
well with the ephemeris.

¢. This long-period variable of type (3,, according
to LUDENDORFF’s classification, was independently
rediscovered by the writer. The comparison star -
designed as a is the star CPD—46° 2167 (10m°2). The
period was computed from observations on five rising
branches; the times in Table 3 are those of the com-
puted next following maximum. They are in good
agreement with a maximum found on F.-A. Chart
No. 32 (J.D. 2419513) and with a minimum on the
Union Observatory Map —46°, 42.

d. The period of this Algol star has been deter-
mined by least squares from points on the rising
branch of the primary minimum, assuming an in-
crease in brightness of one step in 4'0oboz. If we
reduce them with the aid of this assumption to a
brightness of 37s, we obtain the epochs of Table 3.
In the mean light curve the phase is 973688116 X
(J.D.—2426393°910), taken without regard to sign.
A secondary minimum appears to be present of 9
depth and of the same width as the primary, the
range of which is of the order of 3o

e. The variable is CPD —47° 1986 (9='6) = H.D.
69068 (m,, 10m'2, Sp Mb). The comparison stars are
CPD —48° 1552 (8='8) = H.D. 68809 (m,, 9™'2
Sp Ko), CPD —47° 1971 (9m'6) = H.D. 68923 (m,
102, Sp G5) and CPD —47° 1979 (9m°g). The epoch:
given in Table 3, though mostly derived from risin
and descending branches, have been reduced to th
epoch of maximum.The residuals O— C will, therefore
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FIGURE 1.
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TaBLE 3.
J.D. E O—C J.D. E O-—C J.D. E O-—C J.D. E O—C
a d d ) d d d d
d d 2426303°502 — 25 —'009 242608727 — %7 —o2 2428307'87 5203 ‘00
2425713 —4 +1 6310522 + 17 —'012 608734 — 7 ‘o3 8519'00 +6021 —'02
5010 —3 —3 6324°408 + 100 —004 611825 — 3 +°06 854922 +6138 ‘00
6110 —2 —3 6337°'443 + 178 —'010 611827 — 3 08 8580'44 +6261 —'03
6320 —1 +5 6338295 + 183 +'007 6141°19 o —17
6510 o —b6 6362367 + 327 “ooo 6249'59 + 14 +°08 n
7530 +5 +9 6388319 + 482 +°036 624961 + 14 +'10 d d
7720  +6 —2 6437261 + 775 —o12 630346 + 21 —12 2425742'28 —105 06
6513202 +1229 4018 630348 + 21 —'10 599735 — 44 oI
b 7519255 —+%7246 4005 6303°50 -+ 21 —08 6014'33 — 40 +'o7
d d 7802'479 +8940 —'014 2308'52 i 21 :'06 2090'36 — 22 I‘os
2413282 —2 396°31 33 '03 141'19 — 10 +°OI
2122019 — g ixg g , 639634 + 33 -F'ob 631040 + 30 ‘oo
5692 + 2 —32 a a 639636 + 33 +°08 2382:35 + 47 +o1
6175 + 3 —I0 2425950°435 — 4106 008 75;2-22 1;73 " os 6424;; i 24 _.gs
7561 4+ 6 — 7 5971'366 _ 3948 +-005 75 6'33 +178 .0(3) 509 7 5
8523 + 8 +33 5073493 — 3932 +°012 751635 17 0
8980 + 9 +29 5974413 — 3925 005 ! B .
5997°314 — 3752 —'0I5 . — .
c . . d d 2425712°378 —1403 + 006
4 4 2010,324 _ 3654 i.ow. 2425712°371 — 3815 +'003 5742'306 —I1342 -+ 'oII
2426157 —4 —14 bontaos 358 ot 5714'304 — 3802 —028 5769'417 — 879 +-002
6481 — + 7 2pay 3459 015 5742'271 — 3617 —'005 5769'420 — 879 -+ oos
3 6006226 — 3232 "oco 5023'531 — 2417 —'003 5771°380 — 875 +°003
7715 +1  +29 6086°364 — 3080 —'o0I 2028353 — 2385 —'o14 3792355 — 873 —003
gggg A 6094:318 — 3020 003 6036°505 — 1669 —'013 5§797°371 — 822 —'004
280 .43 —I2 6115241 — 2862 — 007 6039247 — 1651 ‘010 6028288 — 759 009
d 2”712‘“ - 22‘*@ +:°°g 6057'377 — 1531 015 6029'256 — 757 —00b
6249,592 1 46 o 6063260 — 1492 +'007 6030°241 — 755 000
68? d 6 6305,43 1426 _,_.012 6065°229 — 1479 —-'012 6276488 — 253 —'004
242590292 157 ~00 309404 — 1399 = 0Ol 6087'272 — 1333 -+ 002 6303°478 — 198 4005
6063184 —122 -+ 004 6337309 — 1186 002 6003328 — 1203 +°016 6303467 — 198 —'00b
6063°187 —122 008 6337°'443 — 1185 004 6116274 — 1141 +°003 6306'415 — 192 —'002
6063°179 —122° —'00I 6388297 — 8or —'020 6126236 — 1075 — 004 6337'310 — 129 —010
6090°298 —112 010 6410°317 — 635 -007 6126'258 — 1075 +°0I8 6337'316 — 129 —'004
6090°296 —112 4008 6412°300 — 620 002 6266° — 148 009 6338279 — 127 — 022
6266491 — 47 —007 6420256 — 560 009 6268'57§ _ 14 ++00 63g . g__ 27 —o1
6266487 — 47 —o10 6510208 4+ 119 —'002 6299"5;%4 _ gg —'oog 6%8';‘%2 — 27 —i—'oog
6410'162 + 6 —o13 6835227 + 2572 ‘o1z 6306'424 + 118 —o17 6388331 — 25 —'004
6410179 + 6 +°004 7515'427 + 7706 —007 6306°446 + 118 +4-005 6417274 + 34 —004
7516232 +414 009 7516°222 4 7712 —'007 6310268 - 1 000 6417288 + 010
7516216 4414 —'005 7516°350 + 7713 —'012 63 3 44 . 64 7 34 T
. . 310°500 + 145 —0I9 420255 + 40 +°035
7802°414 + 9872 oof 6310522 + 145 +°003 6439'340 + 79 —'oI2
e 9050°227 419290 —'00 6324'408 + 237 —008 6439'340 + 79 —'oI2
d d 6324430 + 237 +°o14 6835220 + 886 4002
2425715 — 8 + 4 6338318 + 329 006 6835'224 + 886 --oos
5945 — 6 — 3 d d 6396'309 + 713 —'006 7807°461 +2868 — 006
6065 — 5 — 15 2425742°301 —177 +°023 6510208 + 1467 ‘003 7809'433 2872 +'003
6305 —3 + 15 5742299 —177 +'oz1 7515°427 + 8122 —004 7809°440 +2872 -+ 009
6415 — 2 — 7 5951°'310 —II5 — 061 7516°350 + 8128 +-or13
7525 + 7 4355 6005°357 — 99 +-027 7809°357 +10068 —016 ?
7715 4+ 9 —I0'5 6005'217 — 99 —'II3 d d
7815 +10 —I19 6o15'473 — 96 +'025 m 2425971°363 —363 ‘005
6015°495 — 96 +°047 4 a 5971°356 —363 —002
f 6086'319 — 75 +°049 242571330 —4848 +°04 6030°529 —319  '000
q a 6305436 — 10 —'044 5731°32 —4778 —02 6115249 —256 —002
2425713'282 —3555 -+ 001 6305'513 — 10 +"033 601247 —3689 o1 6115262 —256 J--o1I
5719204 —3519 — 006 6305485 — 10 + 005 6064°'32 —3488 —03 6146'192 —233 —°004
6028285 —16%71 —'008 6305'527 — 10 +°047 609431 —3372 +02 6264549 —145 +-o19
6030°454 —1658 —'013 6511°104 + 51 —096 6102°31 —3341 o2 6264'533 —145 003
6057°377 —1497 —'0I10 6511221 + 51 +-o21 611725 —3283 —oI 6299'501 —I119 --°OII
6063237 —1462 —'002 7809612 1436 +'o14 6304°'42 —2558 ‘oI 6303°507 —116 —'017
6091°323 —1294 —"007 7809'600 +436 + ooz 6305°44 —255§ ‘00 2302'518 —116 —'oog
6115'241 —I1151 0Ol . 6309°'56 —2538 —'02 396°322 — 47 oo
2118'249 —1133 +‘ooo ? '2337'46 —24.32 +-o1 2396‘3o§ — 4'; —'ggg
123'275 —1103 010 d d 38237 —2256 —o1 439'345 — 15 —
6264°554 — 258 + 0oz 2425971°34 — 22 —08 641231 —2140 —'OI 6439'367 — 15 ‘016
6265°571 — 252 +'016 5971°37 — 22 —0b 752030 +2152 +°03 6501202 + 3I —'009
6266°573 — 246 +'o14 5971°43 — 22 oI 780939 3272 ‘00 6501215 + 31 -'004
6270°557 — 222 —015 5971°46 — 22 03 783495 +3371 ‘oI 7430°465 722 +ro1x
6270°579 — 222 +°007 600243 — 18 11 818296 +4719 --o4 7519°234 +788 +'oo4
6273587 — 204 005 6002°'46 — 18 +°I13 830088 +5176 —'o1 7519233 +788 +'003
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TaBLE 4.
d P s P s P s P Si P s
nop . 10 ‘2§9 54 4 o8 8 29 188 261 10 ‘030 58 10 ‘453 13°5
3 ‘oI 300 ig '215 52 11 'I1§5 12 30 246 19y 10 ‘082 85 10 ‘473 12°3
3 ‘o17 297 o 3 42 3.?] 9 284 26 30 30z 174 10 ‘180 54 10 ‘495 12'4
5 023 251 | o a0 3. 12376 31 | 30 349 176 [ 10 280 37 | 10 ‘522 156
5 035 19'3 o 496 33 I 426 38 30 389 20%0 10 347 273 10 ‘556 103
6 051 125 o aop 31 13 452 37 | 29 ‘429 194 | 10 ‘420 28 | 30 626 9%
6 ‘obs 87 o '436 3_g 12 ‘532 36 29 ‘462 220 I0 ‘495 52 30 740 81
6 ‘o075 73 o A 3% 13 644 33 28 ‘499 247 10 ‘543 66 29 ‘854 101
10 ‘088 67 o ate 3% I 693 24 | 29 ‘537 3TS 10 603 76 6 019 156
15 ‘104 58 o 2y 42 10 776 272 28 '3596 359 10 670 62 6 ‘939 202
15 ‘118 62 o .552 4'8 8 ‘829 272 28 643 291 10 728 46 7 962 272
15 ‘137 6% S SR A 12923 17 29 683 24T 10 767 36 5 ‘984 3079
15 153 66 4 ) 7 '958 273 29 730 2272 10 838 28
15 ‘169 6 g '644 2_2 6 982 20 29 ‘775 182 10 ‘912 36
15 ‘191 56 ; e oo 30 825 18 10 ‘958 47 b2
15 213 60 10 ‘715 90 J.D. 29 868 184 nop
15 238 62 o rs2 68 2426200—2426700 | 27 911 19°9 " o ‘otz 6%
15 :256 6:0 10 78 5% n o . 30 959 2472 " 10 ‘050 54
;g ;Zi gf 10 ‘814 43 3 003 12 o o s 1o 081 55
. . 20 ‘865 40 4 ‘026 73 m 30 "Io9  7'3 10 ‘105 54
15 ‘341 59 20 923 3% 5 ‘o048 7y 30 200 7’1 10 ‘135 53
I . . H ° * . .
5 367 56 10 ‘967 38 13 ‘142 24 n p K So 30 ‘317 875 10 ‘172 52
15 387 61 15 271 31 IO '0I7 §'3 2°9 30 388 86 10 ‘219 §°§
15 ‘407 64 h 10 ‘416 38 10 ‘042 66 40 I0 450 92 10 ‘257 56
20 ‘42z 61 n 14 ‘520 27 11 ‘076 6°3 5'0 6 485 130 6 279 68
20 ‘455 66 20 }')o . 58 15 638 275 10 ‘107 74 56 5 ‘514 230 o 206 113
20 490 69 20 .Igs 13‘6 8 752 20 10 ‘131 6'8 5°0 5 ‘519 263 8 ‘310 133
a3 14 8 1 10 '155 69 4'8 5 527 312 4 327 189
f 20 ‘143 160 4 ‘o24 7 . 24 4 334 311 . .
20 202 159 1z 923 18 10 183 48 33 . 31 2 342 232
nor : 20 282 15° 4 978 15 | 107205 312w ) 5 540 257 4 1354 178
20 ‘046 61 o 256 10 10 231 37 24 5 549 241 5 371 130
20 ‘121 64 20 .3§ 16'7 J.D. 10 252 2'8 17 5 ‘565 165 3 ‘391 78
20 187 81 20 B2 tee | 2426700 —2420100 | 10 272 3T 13 5 575 111 4 405 5’5
20 263 127 20 47 16‘3 10 298 22 11 5 591 91 10 ‘426 5’5
20 ‘340 106 o g‘;’? 164 nop s 10 334 I'3 12 5 609 71 10 ‘452 52
20 ‘394 94 6 ‘647 16'T 4 'obo 26 10 362 19 10 10 :624 8:4 10 ‘484 34
20 ‘440 73 s 667 143 6 084 26 10 389 16 ‘6 30 696 76 10 ‘512 §°1
20 '494 65 s ‘690 10T 6 291 28 1o 418 21 1°8 30 777 81 I0 ‘542 49
20 ‘543 64 '636 g 4 428 371 10 "452 2'3 I'3 30 833 78 10 ‘576 53
20 ‘609 679 500 o6 6‘4 7 556 273 10 ‘475 2'9 I'§ 30 ‘goo 679 10 ‘604 55
20 686 82 Ig ,;22 4,‘;' 10 ‘623 27 IO ‘505 39 2°3 30 ‘996 86 10 ‘632 3©
20 748 1r°0 1o 758 19 4 696 33 10 '554 57 3'7 10 663 54
20 795 13’4 0 792 41 8 8o4 27 10 ‘590 6°1 477 0 10 ‘686 58
20 ‘847 96 o 822 8 6 ‘858 23 10 623 6°'1 56 10 708 56
20 ‘899 76 20 ‘86 2 o 9 ‘932 31 10 656 62 44 nop s 10 725 56
25 ‘968 64 20 .902 12'0 4 959 28 10 683 46 33 8 "oo4 301 10 745 56
g 20 966 118 4 ‘965 279 10 711 4'I 3°3 7 co1g 288 10 764 5'4
. 5 981 1’5 10 739 35 24 6 033 247 10 797 56
nop s 1 10 772 27 1'6 5 ‘045 189 10 ‘818 57
15 ‘007 37 J.D. [ 10 797 20 1'6 8 063 176 10 ‘850 55
10 054 473 2425700—2426200 10 ‘822 22 1°3 8 080 155 10 ‘89 56
10 ‘091 62 w p s 10 ‘855 20 I'I 8 o097 128 10 ‘9oz 53
10 ‘118 67 nop s 29 ‘orr 288 10 ‘892 20 ‘9 30 ‘141 83 10 ‘944 57
11 ‘162 89 2 023 62 28 o045 361 10 '921 2°0 I'3 30 ‘224 68 10 ‘980 350
6 ‘190 095 6 'o40 80 29 ‘086 4r1°1 10 ‘946 2°'1 14 30 ‘319 7'5
10 215 79 4 055 472 30 ‘134 368 10 '979 3'9 1'7 30 ‘404 98
show also the systematic errors probably inherent in | able plates have been taken at widely different hour
this reduction. The light curve corresponds to LubEN- | angles, but on account of the small range, which is
DORFF’s type (3;. The small range (='g), however, is | the reason that each observation gives only a rough
somewhat exceptional. It makes a comparison with | determination of the phase. The variable was, there-
older observations uncertain. fore, estimated once more on the same plates with a
, different set of comparison stars. The. epochs given
f- The determination of the present period caused | in the table are those of the most certain minima only.
some difficulties, not so much because of its shortness | Though we find no difference between even and
compared with the interval of one day, as the avail- | odd minima, we have to double the apparent period.
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FIGURE 2.

g. The period was derived from the four branches
of the light curve by least squares. The following
equations of condition were adopted:

ay By + oy Ey +ag Eg + oy Ey + 1P = u,

where u is the time of an observation on one of the
branches, reduced to a fixed brightness by means of
the adopted slope of the branch. Further «; is unity
for a point situated on the first branch, «,, «,, «, then

central epoch of descending branch, primary minimum

3 3 b rlSlng bbl b3 b
5 » s descending secondary  ,,
b » » r]'S]'ng 2 2 b2

period
mean error of unit weight (1 estimate)

being taken zero, etc. This procedure has the ad-
vantage of yielding values for the epochs and the
period, the errors of which are independent, if the
central epoch is used in each case. From these one
can easily obtain the values, together with their mean
errors, of the epochs of minimum or their difference
in time, or of the widths of the minima, by applying
the well known rules for independent errors.
The results of the solution are:

d

d

= E, = 24267106479 + ‘o016 (m.e.)

= E, = 2426383'4374 4 ‘oorjs (m.e.)

= E; = 24265263537 4+ -oo16 (m.e.)

= E, = 2426519°5029 -+ 0016 (m.e.)

= P = 26498597 4 ‘00000023 (m.e.)
4+ ro07s.
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Phases of the epochs: 25324%589, 24089F765,
24629P 101, 246037248 +F006 (m.e.). The epochs
are for brightness 6¢'1. In Table 3 some observed
minima are compared with an ephemeris computed
with half the orbital period.

k. The shape of the minimum of this ¢ Cephei
variable remains uncertain, the variable during that
phase being near the limit of most of the plates. From
the residuals in Table 3 there is no indication that the
variation is not regular ).

i. This Algol variable shows a remarkable shape
of the light curve for the phase interval between the
principal minima. The mean light curve is given for
three intervals of time, viz. J.D. 2425700—2426200,
J.D. 2426200—2426700, J.D. 2426700—2429100. It
seems that a small shift in phase of the secondary light
variation relative to the principal minimum has taken
place from the first to the second interval and that its
amplitude has vanished in the third interval. No
attempt will be made here to explain these features.
An explanation by a systematic hour angle error is
excluded by the distribution of hour angles over
phase. '

The principal minimum shows no perceptible
changes. It remained unobserved during the third
interval. It may be added that in the third interval
of time about 30 plates have been included which
were taken with the variable near the centre. On the
ordinary plates the image is about 1 cm distant from
the northern edge.

k. On seven plates this variable has been com-
pared in the Schilt microphotometer with its com-
parison stars and these again with a number of stars
in the S.A. No. 172 occurring on the same plates at
about the same distance from the centre, the result
indicating a nova-like light variation.

J.D. var
d m
2425893'55 (normal brightness) 14'34
638830 13°69
638832 14'12
7713°55 14'03
7713°57 13°97
7713°59 1318
77;3‘61 14°00

The star has been estimated on all the available

1) Cf. B.A.N. No. 278, 334 (1936); Riverview Publ. No. 2,
28 (1936).
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plates and shows only slight variations in brightness.
It is always found intermediate in brightness between
the comparison stars d and e, with the following
exceptions:

At J.D. 2427713°59, on a 30 min. exposure, it is
about 1m'2 brighter than normal, but immediately
before and after this exposure the observed brighten-
ing is only one third of a magnitude. The true
amplitude was, therefore, probably much larger;
it may well have reached 2 magnitudes. No obser-
vations of the variable have been made during this
night besides the four mentioned above. The next
preceding and the next following plates are taken
sixteen days before and eighty-eight days after this
date respectively. In the vicinity of these dates occa-
sional maxima are observed similar to the maximum
noted on J.D. 2426388. This perturbation period, as
we may call it, extends from J.D. 2427513 to J.D.
2427808.

On all the plates explicitly mentioned the aspect
of the star’s image is quite normal. Moreover the
perturbation period seems to corroborate the reality
of the greater change in brightness.

{. The orbital period of the present W UMa system
is among the shortest known. The mean light curve
represents weighted means of the estimates, weight
2 being given to a good estimate. The primary mini-
mum (odd values of E) is somewhat deeper than the
secondary.

m. This variable is CPD —42° 2793 (9='4). The
stars —42° 2781 (9™2), —42° 2779 (9='2), —42°
2784 (9m7), —42° 2782 (9m'g) were used as com-
parison stars and named a, b, c, d respectively. The
star was estimated again on the same plates by Dr
OosTERHOFF. Afterwards the late Rev. W. O’LEARrY
S.J. kindly made, at my request, 149 estimates on
plates of the SX Velorum field, obtained at River-
view-College Observatory, Sydney. These plates have
been taken during the years 1934—1937 and nearly
all our plates are anterior to them. Nevertheless
O’LeARrY’s observations yield a good confirmation of
the period owing to the considerable difference in
longitude between Johannesburg and Sydney.

In Table 4 s,,s, and sx denote estimates by OOSTER-
HOFF, O’LEARY and the writer respectively. O’LEARY
estimates the stars b and ¢ of about equal brightness
Approximately sq='68 + 12 50=— 14 + 1°08 5.

The two minima alternate at unequal intervals
This appears in two ways.

First, according to the method described for star ¢
the following elements have been found from th
writer’s estimates:
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d d
central epoch of descending branch, primary minimum 2426469566 + -oo; (m.e.)
. » o Tising ,, » » o 2426537°834 + roo4 (m.e.)
" 5 5 descending ,» secondary ’s 2426607°174 + -oo4 (m.e.)
»  » o  Tising » » 5 2426531°906 4 roo4 (m.e.)
period ‘ 5162856 + ‘ooooorz (m.e.)
mean error of unit weight + "o1g

The epochs are computed for those points on the
branches, where sx = 3°6, a linear change in magni-
tude being adopted. The phases corresponding to the
four epochs are 12530%°980, 126637209, 12797F'515,
12651P 727. The phase interval from the midst of
primary minimum to the midst of secondary mini-
mum is, with these data, ‘526 4 P'008. Not only
OOSTERHOFF s but also O’Leary’s light curve well
agrees with this deviation of the minima. The period
computed from the primary minimum alone is
45162862 -+ 40000016 (m.e.), from the secondary
alone it-is 45162851 4 4'0000024 (m.e.). Thus no
motion of the apsides is shown at present. With the
aid of older series of observations it will be easily
discerned whether the line of the apsides has rotated.

Secondly, the lines of symmetry, determined in
much the same way as described in B.4.N. No. 166,
39 (1929) from my own light curve, are at Fog6 +
P-001 1) for the primary and at ¥*616 + 003 for the

secondary minimum, the interval being 520 4
P'004 (m.e.).
l I I
o
o —
¢ o
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(o)
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FIGURE 3.

Dots: primary minimum, circles: secondary minimum.

In Figure 3 the three available light curves, re-
duced to the scale sx, have been combined. The
secondary minimum is displaced by ¥'5, to show its
deviation from the half-way position.

We find ¢|cos w|. (1 + § cotg®) = ‘035.

In Table 3 observations near minimum are com-
pared with an ephemeris computed with the period
42581428 and the epoch J.D. 2426964%'746.

n. The reciprocal period 47:23636 was used for
this Algol star. It fitted the descending and rising
branches better than the solution obtained by means
of the method of least squares from the observations
of low brightness. I estimate its uncertainty to be
about one part in ten thousand.

0. The period was improved by a solution based
on points on the rising branch of the primary mini-
mum. The epochs given are reduced to that point
of the branch where the brightness is 18s.

p. The period was derived from a solution based
on points on the descending branch, the epochs being
given for a brightness of 145. There is, perhaps, an
indication of ellipticity of the equatorial sections of
the stars, the observed semi-amplitude outside the
eclipses being of the order of '3

1) In order to derive the mean error we shall shortly recapi-
tulate the procedure which has been followed. Let s(P) ex-
press the relation between brightness and phase as defined
by JV points of the light curve. The points are equidistant in
phase, the constant phase interval being A. We first reflect
the points against a vertical line P = P;. Suppose now 7 dif-
ferences s(Py -+ A) — s(Py —4), s(Py + 21) — s(P; —24), etc.
to be formed and let the sum of their squares be denoted by
S(P;). Likewise other sums of n squares S(P,), S(P;) are de-
fined. The value of n will be an integer 1 the vicinity of
} (N—2). Then the curve S(P) will, by the abscissa Py of
its minimum, define the line of symmetry, P = Py, of the light
curve and, by its height and its width, the mean error of Py,
in the way described by PANNEKOEK (Uniersuchungen iiber den
Lichtwechsel Algols, p. 215, Diss. Leiden, 1902, see also B.A.N.
No. 297, 142, 1937). The equations of condition, which have
the form s(P 4 A) — s(P— A) = o, etc., are n in number, the
process described above being an equlvalent to the standard
process of forming normal equations by differentiation of the
squared and summed equations of condition. As the number
of unknowns is one, the factor S(Py - m.e.) /S(P) is in this

~case n/ (n—1). If S(P) can’be approximated to by the par-

abola § = a -} b P/A 4 ¢ P2/A2, the mean error can be written
in the form A1 (a/c—0b2%/4¢%) [ (n—1), which will be near
AL 2 (afc—b2/4 ) [ (N—4), cf. HErTzsPRUNG, B.A.N. No.
340, 209 (1941). The expression proposed by Harr (4p. 7. 90,
462, 1939) will be too large, as, in his method, it applies to
the mean error corresponding to unit weight. This i is, however,
without taking into account the uncertainty of his drawn curve.
With the present method P'99995 + Pooroz (m.e.) is the
middle of the visual eclipse and P'g9986 + P'00087 (m.e.) tkhe
middle of the infrared eclipse. The probable errors are thus
about 2'5 minutes, whereas HaLL finds 6 minutes.
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