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COMMUNICATIONS FROM THE OBSERVATORY AT LEIDEN

ADDITIONAL OBSERVATIONS AND IMPROVED EPHEMERIS OF VV PUPPIS,

BY A. D. THACKERAY, A. J. WESSELINK AND P. TH. OOSTERHOFF

This paper contains a discussion of photographic observations of VV Puppis made with the Franklin-Adams camera and of
photographic and visual observations made with the 74-inch Radcliffe reflector. Between September 1948 and June 1949 the
variable had at least two intervals of activity with a range of about two magnitudes and two intervals of inactivity with a range
under ‘3 magnitude. All epochs of maximum however are reasonably well represented by a linear ephemeris which dates back to
the earliest observations in 1929. During 1948 and 1949 the brightness at minimum has been quite constant near the photographic
magnitude 17.

The interesting features of this variable star are its TABLE 1
short period of 100 minutes, its changing light-curve
and the large variations in the median brightness. In J.D. Hel. Am phase
. — 2420000
January 1948 Oort and HILTNER tried to observe the
star with the 82-inch reflector of the McDonald Ob- d m P
. 6299°4145 — 36 359
servatory, Texas, U.S.A. However, the variable then 4363 + 23 672
proved so faint that it could not be identified for cer- 6303'4118 + 31 671
tain. In this connection we may recall that the median .gggg i .Zg g;z
magnitude varied from 14™ to 15™ in the years from 055419 — ‘10 211
1928-19317%). In 1935 and 1936 its average brightness 064710 — 138 ‘532
: : s 3 : 4945 + 63 "869
was about a magnitude fainter. In his discussion of the 095083 s 086
observations made with the 6o-inch Mt Wilson re- ‘5302 — 63 ‘304
flector OosTERHOFF concluded?) that all epochs of I°_i§§; i Z; :g?g
maximum were well represented by a linear ephem- 23°4973 + 48 648
eris in spite of the considerable irregularities in the :5183 + 77 958
light-variation with respect to light-curve and median 24.45g6 T4 257
A . . 47 + ‘42 9
brightness. The elements that were derived in B.A4.N. 254289 — 22 343
8, 44, were based on observations made from 1928- 7:450‘; j‘_ :26 655
1936. Therefore this formula has to be extrapolated 3 .ig?() + .0‘7* .%g
considerably if used for the observations of the pres- 38'5041 + 12t ‘810
ent time 624149 — % 633
Lo . . . 6476'2394 + 67 “600
Since 1936 the Leiden plate collection of the region 73654834 + 124 207
containing VV Puppis increased by nearly 100 plates '5053 + 60 "521
& PP . ety e S 77484740 + 33 366
but unfortunately the variable is visible on only a 4055 e 674
fraction of these. The most recent plates of this col- 8219'3298 + 1'04 299
lection were made in the beginning of 1940. The ad- 86562190 + 118 232
. . : . 8965°3574 + 60 529
ditional Leiden plates were measured in the Schilt 4236 + 18 478
photometer by Mr L. GavykeMA. The magnitudes de- 9380°2091 + 80 498
rived, which are given in Table 1, have the same gg.zigg i I.Zg .igﬁ
scale and zeropoint as those given by WESSELINK in 04002198 + 56 ‘403
Table 2 of B.A.N. 8, 335. The phases in the third 022302 + 145 228
. 2531 + 44 '556
column of Table 1 were also computed with WEssE- 96722790 T 160 374
LINK’s formula for the phase given in B.A.N. 8, 334. *3005 + 89 382
- ‘3443 + 118 ‘010
1) B.A.N. 8, 336, 1939. 3663 + 84 326
2) B.A.N. 8, 44, 1936. 4317 + 359 263
193

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


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1950BAN....11..193T&amp;db_key=AST

DBAN [ IS TI93T

rt

B.A.N. 413 194

It is clear from this table that the median bright-
ness decreases with time. The earlier observations,
including J.D. 2426476, have been plotted in the
left-hand part of Figure 1, the remaining observations,
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The open circle is J.D. 2426476

also including J.D. 2426476, in the right-hand part
of the same figure. Between the plots there is a system-
atic difference of nearly a magnitude. This drop in
median magnitude must have occurred between J.D.
2426362 and J.D. 2427365. It is even possible that
it took place between J.D. 2426362 and J.D.
2426476. But the evidence for such a change would
depend on a single observation marked in both light-

TABLE 2
Comparison stars.
(1) (2) (3) (4) (5) (6)
m m ’ 7
1 a 13°90 74 + 8o — 248
2 b 14°35 51 + 53 — 99
3 ¢ 14'50 1'84 + 1'15 — 174
4 d 1520 2'17 + o8 — 171
5 e 1575 3'07 — 2726 — 29
6 S 16720 3°45 — 1'03 + 121
7 g 16°65 4'15 — ‘50 + 1'10
h 16°30 323 + 1'03 — 19
k 16°50 400 + 70 + o8
! 16°80 4°35 — 18 — 10

(1): Designation B.A.N. 8, 44.

(2): Proposed new designation and additional comparison stars.
(3): Photographic magnitudes; for the first seven stars according
to B.A.N. 8, 44. The magnitudes of the remaining three stars
were derived from estimates and by extrapolation.

(4): Visual magnitudes; the zero point is arbitrary. The mag-
nitudes were derived from a photovisual plate carrying two
exposures (27 minutes and 3 minutes). The authors are indebted
to Dr R. H. Stoy and Mr A. W. J. Cousins for measuring the
plate in the Schilt photometer of the Royal Observatory at
Cape Town.

(5): Az cos d relative to the variable.

(6): Ad relative to the variable.

LEIDEN

curves by an open circle and would consequently be
extremely weak:

Since the star was inconveniently faint for the Lei-
den observer at Johannesburg, observations were be-
gun with the 74-inch Radcliffe reflector at Pretoria in
September 1948. Table 2 gives information concern-
ing the comparison stars used. The list is a continua-
tion of that given in B.4.N. 8, 44, the extension being
necessitated by the fainter present-day median bright-
ness.

The photographic observations are given in Table 4.
The plates were 10320 Kodak and the Newtonian
focus was used. Observations on different plates but
of the same night have been separated by an open line.
The first column contains the Julian Date of mid-
exposure reduced for light-time on the sun by means
of the formula:

reduction on sun: + ‘002993 X — ‘003758 ¥,

where X and Y are the rectangular co-ordinates of the
sun, taken from the Nautical Almanac. The phases con-
tained in the second column have been calculated
with WEsSELINK’s formula from B.4.N. 8, 334. The
phase of the maximum epoch of O0STERHOFF’s ephem-
eris then equals "563. The third column contains the
photographic magnitude. The values given are mean
values of results independently obtained by THACKE-
RAY and WESSELINK from estimates made with an eye-
piece enlarging ten times.

Exposures covering a complete cycle were made on
J.D. 2432822 and J.D. 2432829, which showed the
star practically constant at 17°0 mpg (see Table 4).
The variable proved to be slightly brighter than mini-

FI1GURE 2
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mum on the first exposure on J.D. 2432822, near
epoch 70726 of the ephemeris obtained later on in
this note. However there is no indication of a maxi-
mum for epoch 70827 on J.D. 2432829, which is
well covered by the observations.

Thereafter the star was not observed until February

1949 when several plates showed the star brighter and
again varying. In particular on J.D. 2432970 epoch
72845 was well observed with the variable reaching
15°1 mpg. A reproduction of two plates taken during
phase of maximum is shown in Figure 2. The upper
half represents the plate taken on J.D. 2432970, when
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Visual observations against phase during the inactive period
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the maximum was pronounced. The other half shows
the plate taken on J.D. 2433001, when the variable
remained practically constant.

X — VV Pup invisible

T — fainter than brightness indicated by horizontal line
1 — brighter 2 3 ’ 2 3 EE)
0 — indicates epoch according to formula (1)

In view of the rapid changes and of the fact that
exposures of 10 minutes were required to show the
star well at minimum, a series of visual observations
was begun. All visual observations are given in Table 5.
They are shown graphically in the Figures 3 and 4.

A bright maximum was observed on J.D. 2432976
and two consecutive ones, the second of the two being
definitely the brighter, on J.D. 2432979.

A joint visual programme with WESSELINK was
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planned for the night of March 24 (J.D. 2433000).
Despite a watch covering three hours, which accord-
ing to the ephemeris should have included 2 maxima,
no maximum was observed, the star remaining
throughout near the borderjof visibility, slightly
fainter than 17 mpv?).

A photographic series was obtained the following
night by TrACKERAY, which shows the variable con-
stant within the errors of observation at 16°8 mpg
throughout a cycle.

Scattered visual observations were continued with
the 74-inch reflector by THAGKERAY as opportunities
allowed between other work. In view of the past
behaviour of the star, notably the occurrence of max-
ima, if they did occur at all, not very far from the
times predicted by OOSTERHOFF’s ephemeris (l.c.),
many of these observations were made purposely near
the times of predicted maxima. The consequential
slight preference for therange of phase ‘25—"75 can be
seen by studying Table ;5.

The interval during which no activity has been
observed lasted at least 18 days. The individual ob-
servations are shown in Figure 4 against phase.

It was not until J.D. 2433048 that the next max-
imum was observed; it was faint, about 16 mpv, but

1) When the mirror was re-silvered a few months later, VV
Puppis had disappeared in the evening twilight, but it is
certain that the star would be easily visible even at minimum
with the mirror freshly silvered.
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very near to the ephemeris (Figure 3). A second simi-
larly faint maximum was observed 100 minutes later
and a third the next day. On J.D. 2433051 one faint
maximum was observed. Just after the predicted time
of the next maximum the star was found faint. The
possibility that an early maximum had just been
missed should not be excluded. On J.D. 2433053
two consecutive maxima were observed, both con-
siderably brighter than those of the preceding nights.
The time of the second maximum cannot be deter-
mined satisfactorily as the rise has not been observed.
Nevertheless there is little doubt that this maximum
has preceded the predicted time by at least half an
hour. A still brighter maximum was observed jointly
by THACKERAY and WESSELINK on J.D. 2433055 and
this lasted an unusual length of time, nearly half a
period elapsing between the initial rise and the final
fall. Two more bright maxima were observed on J.D.
2433057 by THackErRAY and D. S. Evans and on
J.D. 2433058 by Trackeray and H. Knox-Suaw.
On these occasions no special effort was made at ac-
curate estimates of magnitudes, the chief purpose
being to test certain phenomena suspected to be mere-
ly subjective and to attempt observations of the spec-
trum with a direct-vision prism; so far as the spectrum
could be seen at maximum it was judged to be “main-
ly continuous”.

All visual observers agreed in judging that the final
drop was extremely rapid and amounted sometimes

TABLE 3

d E d d E d
WESSELINK 2425564504 — 33337 + ‘o006 MaAvaALL 2426391767 — 21476 + ‘ooz
,, 5613°390 — 32636 ‘000 ALDEN 6407'324 — 21253 + *006
» 44°429 — 32191 + ‘oor » 10°324 | — 2I2I0 + 007
” 498 — 32190 + ‘oor » 6814219 — 15419 — ‘002
» 46°582 — 32160 — ‘008 » 7149°288 — 10615 + 003
» 51258 | — 32093 — "003 » 7500'326 | — 5582 =+ ‘005
» 52'437 | — 32076 | — ‘o1z » 04299 | — 5525 | + 003
» 5968331 | — 27547 | — ‘oo » 37217 | — 5053 "000
» 6009489 — 26957 -+ ooy OOSTERHOFF 7748°474 — 2024 — ‘006
» 40°450 — 26513 ‘000 Mrt WiLson 7889642 o — 005
s 42°408 — 26485 -+ -oos » 712 1 — ‘005
» 64373 | — 26170 ‘000 » 8159'023 3875 + 007
» 87249 — 25842 — *oo1 » 60896 3889 -+ ‘003
s 6115°216 — 25441 — *003 » ‘960 3890 — 002
» 6241°582 | — 23629 — 018 OOSTERHOFF 8965424 15424 -+ ‘o002
» 49546 | — 23515 | — ‘oos » 9399°248 21644 | - "oor
» 65'528 — 23286 -+ *oos » 0400°220 21658 — 004
» 69575 — 23228 -+ ro07 » 02'253 21687 + ‘006
» 73544 | — 23171 ‘000 » 9672°432 25561 — ‘o14
» 76480 — 23129 -+ o007 THACKERAY 2432970'358 72845 -+ roo4
OOSTERHOFF 99°414 — 22800 — ‘006 " 76284 72930 -+ ‘oor
» 6306471 | — 22699 | + ‘oo7 » 79288 72973 + ‘o006
» 09'530 | — 22655 — ‘003 » '351 72974 “000
» 24455 | — 22441 | — ‘004 » 3048'192 73961 "000
» 25429 | — 22427 — ‘o007 » 264 73962 =+ ‘o003
v.p. B., v. G,, HE. 32°486 — 22326 + ‘006 s 49°228 73976 — ‘oI0
ALDEN 44°481 — 22154 —+ ‘oos » 51°200 74004 —+ *oo09
» 64431 | — 21868 + roo7 » 53206 74033 — ‘oo7
» 7'7°398 — 21682 -+ ‘oor » 55°230 74062 — ‘006
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to 2 magnitudes, in agreement with OOSTERHOFF’S

previous conclusion (/.c.) and also that during these

bright maxima the star brightened and faded several

times. All available and well determined epochs of

maximum have been collected in Table 3. A least-

squares solution yields the following elements:
Epoch of maximum

= J.D. 2427889d°6474 + 4069746814 E.
=+ 3 + 23

The mean error of a single maximum epoch is
+ 40059 = 4 *085. The maximum residual in
Table 3 is 4'018 or nearly half an hour. It is clear, also
from Figure 3, where besides the observations the time
of maximum as calculated with the above formula is
shown, that the residuals are far larger than can be
attributed to observational error. On the contrary,
we believe that the dispersion in the epochs of max-
ima of nearly one tenth of the period is mainly in-
trinsic in the star. On no occasion, however, did we
have any difficulty in the counting of the epochs.

It is remarkable that it is possible to represent the
observed epochs so well over an interval of more than
100000 cycles by means of a linear formula. In fact,
the irregularity in the period of VV Puppis may be
classified as that of EppiNngTON’s and PLAKIDIS® type 3:
“The irregularity may be a fluctuation of phase rather
than of period; the primary cause of the light change
may have an entirely regular period, but its visible
effect may be delayed or accelerated by casual cir-
cumstances, so that the date of maximum differs from
the ephemeris date by an accidental fluctuation’*).

It is further strange that the star continues to count
epochs when it is inactive for apparently at least
hundreds of cycles at a stretch so that when it is active
again, the maxima occur again at the same phase as

(m.e.)

1) M.N. 90, 65, 1929.
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before. It would therefore be extremely interesting if
we could observe something of the hidden periodicity,
which we know to exist during the inactive intervals.
It might be hoped that short exposures with a large
reflector of at least the size of the 74-inch Radcliffe
telescope when recently silvered, and measured with
a photometer would give results accurate enough to
show the hidden periodicity.

The main conclusions to be drawn from these ob-
servations of VV Puppis are as follows:

1. In the interval between September 1948 and
June 1949 the variable has had at least two intervals
of activity with a range of about two magnitudes, and
two intervals of inactivity with a range not exceeding
‘3 magnitude.

2. Whenever a maximum occurs, the time agrees
reasonably well with a linear formula dating back to
the earliest observations of the star in 1929.

3. Brightness at minimum during these recent ob-
servations has not deviated greatly from the range
168 to 17°0 mpg.

4. The latest period of activity appears to have set
in rather abruptly in May 1949, the range having
increased from 1 magnitude on J.D. 2433048 to 2
magnitudes on J.D. 2433053.

Whether these alternate cycles of activity and inac-
tivity have followed any regular law cannot be deter-
mined from these observations.

It would be of further interest to observe as many
consecutive cycles as possible. The maximum interval
at Pretoria is about 9 hours, or over 5 cycles. This
could be extended by international cooperation be-
tween observers situated at different longitudes.

TABLE 4
Photographic observations of VV Puppis with the 74" reflector at Pretoria.
J.D. Hel. €xpo- J.D. Hel. expo- J.D. Hel. expo-
M.A.T. Grw. | phase m, sure | M.A.T. Grw. | phase m sure | M.A.T. Grw. | phase m sure
— 2430000 ¢ time — 2430000 re time — 2430000 ke time
d P m min d P m min d P m min
28225671 582 16'1 10 2951°3540 ‘074 16°6 20 3001°2569 ‘561 167 9
*5779 736 167 10 ‘3810 461 16°6 .20 2639 661 167 9
‘5904 ‘916 16°8: 10 *2/708 760 167 9
2952°4161 ‘302 16°6 15 ‘2777 859 16°8 9
6056 ‘134 167 10 2847 ‘959 167 9
6133 ‘244 168 10 2970°3343 *206 158 10
3448 356 15°5 10 3001°3014 ‘199 168 9
28295658 ‘926 16°9 I 3552 *505 15°1 10 3104 *328 167 9
*5756 ‘067 168 10°3 *3656 ‘654 15°8 10 3187 ‘447 167 9
5846 ‘196 16°9: 10 ‘3277 *576 16°6: 9
3000°2993 831 170 10 3347 676 167 9
‘50985 ‘395 16°8 10 ‘3222 ‘160 17°0 10
6075 ‘524 168 10 : 303072652 ‘470 168 18
‘2742 599 16°8: 6
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TABLE ;5

Visual observations with the 74” reflector at Pretoria, mainly by A. D. Tuackeray. Observations by A. J. WESSELINK are
indicated by an asterisk.

LEIDEN

J.D. Hel. - J.D. Hel. .
M.A.T. Grw.| phase bright- M.A.T. Grw.| phase bright-
ness ness
— 2430000 — 2430000
d P m d P m
2976°2612 ‘183 38 Observations of this maximum 3001°2527 ‘501 — Fainter than g.
made in gaps between thin 2881 ‘008 — VV Pup seen; fainter than /.
clouds. 2023 ‘068 4'4
2696 ‘303 32 3048 248 4'4
‘2745 ‘374 32 . ‘3142 382 e}
‘2766 ‘404 — Brighter than e. 3225 ‘501 — VV Pup glimpsed; fainter
2787 ‘434 28 than /.
2800 | ‘453 | 27 3381 | 725 | 44
2814 ‘473 2'6
2835 ‘503 2'2: Clouds. 3004'3442 | ‘825 — Fainter than £; VV Pup not
2849 ‘523 26 certainly seen.
2870 553 27 ‘3504 | ‘914 — Fainter than k£; VV Pup not
2891 *583 2'8 certainly seen.
2918 ‘622 32 Rapid change.
2925 ‘632 — Fainter than f. 3005°'2642 | ‘016 — VV Pup glimpsed; fainter
than /.
29792819 ‘493 33 ‘2705 ‘106 — VV Pup glimpsed; fainter
2823 *498 33 than /.
2840 ‘523 32 2906 | 394 4'4 VV Pup glimpsed; equal to .
2871 567 3'I
2878 ‘577 2°6 3006°3370 | ‘397 42
2883 587 2'5 ‘3551 |, 657 4’4 |VV Pup glimpsed.
2892 | ‘597 31
2899 ‘6077 31 3007°3287 | 616 4'2
2913 | 627 33 . 3342 | 695 4'4
*2920 637 — Sudden fading. ‘3426 815 4'4
29277 647 — Fainter than g.
2937 662 4'0 3000°3229 *208 42
. . . "3538 | ‘651 42
3371 284 38 Observations of this maximum
made in gaps between thin 3011°3464 | ‘220 — VV Pup glimpsed; fainter
clouds. than £.
3396 | ‘320 | 37 :
*3406 ‘334 32 3012°3519 ‘636 — VV Pup glimpsed; fainter
‘3423 ‘359 32 than k.
3434 | 374 | 31 Clouds.
3448 ‘394 32 Clouds. 30143310 ‘012 — VV Pup not seen; £ glimpsed.
3462 ‘414 28 Clouds.
*3476 ‘435 2°5 30152739 | ‘531 — VV Pup glimpsed; fainter
3482 ‘443 2°2 than £.
3493 ‘459 2'1 2823 651 — VV Pup not seen; fainter
3507 ‘479 — Brighter than d. than k.
‘3524 ‘503 — Brighter than d? 2864 | 710 — VV Pup not seen; fainter
3531 ‘513 2'2 than £.
‘3555 548 31 2892 750 — VV Pup not seen; fainter
3562 558 32 than £.
3576 | 578 33 .
*3590 ‘508 34 30162627 708 — VV Pup not seen; fainter
‘3604 618 — Fainter than f. than £.
3625 648 — Fainter than £. 2683 788 — VV Pup not seen; fainter
than £.
3000°2531 ‘169 — Fainter than g. 3065 *336 — VV Pup not seen; fainter
2596 262 — Fainter than [, than £.
‘27770 ‘512 — Fainter than £. ‘3106 ‘395 - VV Pup not seen; fainter
‘2944 761 — * | Fainter than & and . than k.
‘3041 *goo — * | Fainter than & and £.
*3076 ‘950 — Fainter than £ and £. 30183376 | ‘457 - VV Pup not seen; fainter
‘3117 ‘009 4'4: VV Pup glimpsed. than f.
‘3159 ‘069 — VV Pup glimpsed; fainter
than /. 30481832 | 370 4'0 VV Pup glimpsed; fainter
‘3263 218 4'4 VV Pup and ! glimpsed. than £.
‘3291 258 4'4:* : ‘1902 ‘471 36
3648 770 — VV Pup not seen; fainter ‘1909 | ‘481 32
than A. . ‘1919 | ‘495 | 35
*3798 ‘985 — VV Pup not seen; fainter ‘1933 | ‘515 32
. |than f. 1940 ‘525 36
38135 ‘010 — * |VV Pup not seen; fainter ‘1950 | ‘540 36
than f. ‘1957 | ‘550 | 36
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TABLE 5 (continued)

J.D. Hel. . J.D. Hel. .
M.A.T. Grw.| phase | bright- M.A.T. Grw. | phase | Pright-
— 2430000 ness — 2430000 ness
d P m d P m
3048'1978 | ‘580 40 3053°2012 ‘316 34
‘1999 | 610 | 40 2023 | ‘332 | 33
2013 | 630 — VV Pup fainter than £; both *2035 *349 3°3
seen. 2050 | 371 31
2023 ‘644 — VV Pup glimpsed; fainter 2055 | ‘378 2'6
than £. 2061 387 31
2067 | ‘395 3'1
2502 | ‘331 - VV Pup not seen; £ glimpsed. 2077 | ‘410 34
‘2554 | ‘406 — VV Pup? glimpsed. *2083 ‘418 33
2610 ‘486 - VV Pup not seen; £ glimpsed. ‘2002 | ‘431 33
2631 ‘516 3’5 ‘2101 ‘444 34
2645 | '536 32 2115 | ‘464 373
2652 | 546 | 3’5 2128 | 483 34
2668 *569 40 VV Pup glimpsed. 2138 | '497 34
2680 586 4'0 VV Pup glimpsed. ‘2159 | ‘527 34
2707 | ‘625 — VV Pup not seen. 2173 | 547 31
2183 ‘5602 32
3049°2071 ‘051 — VV Pup not seen; 4 and £ seen. 2194 | ‘577 32
‘2202 *239 — VV Pup not seen; hand £ seen. ‘2211 ‘602 32
‘2244 299 4°0 ‘2222 ‘618 32
22635 329 37 2225 ‘622 36
2269 | 335 36 2235 | 636 | 32
2276 | 345 32 2243 | 648 38
2286 359 32 2253 662 4’1
2292 368 36 2260 | ‘672 42
2303 | 383 36
‘2314 399 40 3236 ‘071 28
‘2321 *409 — VV Pup seen? m2 fainter ‘3249 | ‘ogo 2'8
than £. 3263 ‘110 2'8
2335 ‘429 — VV Pup glimpsed; fainter *32/70 ‘120 31
than . ‘3284 | ‘140 33
) ) 3201 | ‘150 | 34
3051°'1830 | ‘380 — VV Pup glimpsed ; ? m4 fainter
than £. [ glimpsed, fainter 30551852 | 762 4'3: VV Pup glimpsed.
than VV Pup. ‘1869 | 787 4'1*
1045 ‘545 42 ‘1907 841 4'2: VV Pup glimpsed.
‘1955 | ‘560 | 40 ‘1931 | ‘875 42*
‘1962 ‘570 36 1966 ‘926 4'4: VV Pup glimpsed.
‘1972 | 584 35 ‘1977 | ‘941 41* )
1983 *600 3’5 ‘1984 ‘951 432 VV Pup glimpsed.
1997 | "620 32 ‘1994 | 966 | 4'1*
‘2011 640 36 2004 ‘980 42
2021 | ‘654 40 Sudden fading. 2015 | ‘996 42%
‘2025 660 4’1 ‘2025 ‘o10 42
‘2032 6770 42 2036 ‘026 4'1*
‘2040 | 681 — ? |Equal to [ 2046 | ‘o040 42
2049 | ‘694 — ? |Equal to I 2056 | ‘o535 4'1%*
‘2060 | ‘obo 4'1
2643 | 546 — VV Pup glimpsed; m*3 fainter 2067 | ‘o070 472%
than A. 2070 | ‘o7 42
2678 | ‘596 — VV Pupglimpsed; ? m'2 fainter 2077 | ‘o83 42%
than £. 2088 ‘101 42
*2726 ‘663 — VV Pup not seen; # and kseen. 2005 ‘III 4'2%*
‘2771 730 — VV Pup not seen; k and kseen. ‘2105 ‘125 42
2816 794 — VV Pup not seen; & and kseen. 2112 ‘135 4°1*
- 2122 | 149 42
30531807 | ‘023 - VV Pup glimpsed, fainter 2133 ‘165 4'0*
than £. ‘2140 | ‘175 42
‘1839 | ‘068 42 2143 | 179 41%
1863 ‘103 42 ‘2157 '200 32
‘1893 ‘146 42 2161 ‘205§ 3°6*
‘1926 | ‘193 41 2171 ‘220 42 After apparent fluctuations
‘1939 ‘212 42 near /.
‘1958 | "239 42 2175 | ‘225 3°6*
‘1971 258 4'0 2180 ‘233 36
‘1975 | 263 | 37 2185 | 240 | 3'5%
‘1981 272 36 2192 | ‘250 32
‘1988 | 282 34 2105 [ ‘254 32%
*1994 291 32 2206 ‘2’70 3'2 Fluctuations.
‘2002 | ‘302 33 2209 I *274 32*
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