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ABSTRACT. We present new photoelectric UWRBV, photographic and visual ohser—
vations of 29 selected symhiotic stars. The observations were made, with a few
exceptions, in the years 1983 - 1930. The periodic light variations of LWV Aur
in the V¥ colour are not related tc crhital motion, hut are cornnected rather
with the Mira-like pulsational activity of its cool component. We have deter—
mirved a new value of the period of about Z&£5 days for these variations. Cur
visual observations allow us to propose a new ephemeris for T CrB. We have oh—
served an outhburst phase indication and a graduaal increase in the value of the
U - B index over the whole ohservational interval of BF Cyg. As for CH Cyg, we
have ohserved a deep minimum in the V colour { &x 2.2) followed by & rabther
strong increase in the U-filter (by % 1.2 mag). We have accomplished the first
optical photometric detection of the orkital motion within the €@ Dra (& Drad
A + BC system. Our UBVY light curves for AX Per have rvevealed for the first
time evidence of an eclipse of the cool component hy its hot companion. The
data for PU WYul show a general decrease in all UBV colours since about JD

2447000, suggesting the occurrence of & new eclipse/okscuration event.

1. INTRODUCTION

This is the second paper of a series presenting the results collected as
part of the campaign of long—term photometry of symhkiotic stars (Hric and Sko-—
pal, 1929>. As regards CH Cyg, UV Aur and C& Dra (4 Dvra) it represents a con—
tinuation of the first paper (Skopal et al.,13730). The other 2Z& ohjects appear

for the first time in this series.

2. OBSERVATIONS

Photoelectric UBV ohservations were performed at the Skalnaté Pleso Ob-—
servatory ( hereafter SP in the takles ), at the Ohservatory of the Astrono-
mical Institute of the Wroclaw University ( W 3, at the Ohservatory cf the Ma-—
saryk University in Brno ( B >, at the N. Copernicus Observatory and Planeta—

rium in Brrno ( B » and at the Kryonerion Etation of the National Ohservatorv

of Athens ( K .

Photographic ohservations were made hy Z. Veli#® at his private station
rear Povazskéa Bystrica.

. Visual ohservations were collected by a group of members of the Variahle
Star Section of the British Astronomical Asscciation (J.E. Isles as the coor—
dinatovr).

The observations at the Skalnaté Pleso Ohservatory were made with the use
of a single-channel pulse—counting photoelectric photometer installed in  the
Cassegrain focus of the ©.&/ 7.5 m reflector. The photometer is equipped with
arn EMI 6235ER photomultiplier. The integration time of one measurement was
10 s. The results of the integrations as well as the time registrations were

recorded using a PP Ol1-1& computer (an IEM PC/XT compatikle). The chservations
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were then corrected for the influence of differentiai extinction with the
coefficients .55, 0.27 and 0.17 for the I, B and V colours, respectively. All
the LBV measurements were reduced toc the international system.

The okservatione carvied out at the Okservatory of the Astronomical
Institute of the Wroclaw University were made with a ©.& m Cassegrain
reflecting telescope equipped with & single—channel phoﬁoe}ectric photometer.
The electronics consisted of an uncooled EMI &Z54£8 photomultiplier, 100 MHz
CAMAC amplifier an amplitude discriminator and 10 MHz pulse counter. The re-—
sults of the integrations and the time registrations were recorded by an IEM
PC/XT computer. The integration time of one measurement was S s. All  the
ohservations were covrected for the effect of differvential extinction with the
extinction coefficients determined for each night separately. When this was
not possible, average extinction coefficients (.70, C.dd, and O.2& for the U,
B and V, respectively’? were used. The measurements were reduced to the
international system.

The ohkservations at the Ohservatory of the Masaryk University in  Brno
were made with & Q.6 m Newton reflector egquipped with & single-chanmnel
analog—recording photometer.

The observations carried out at the N. Copernicus Dhservatory and Plane-—
tarium in Brno were made with & 0.4 m MNasmyth telescope equipped with & sing—
le—-channel pulse—counting photoelectric photometer.

The ohsevrvations at the Kryownevrion Station were made using a 1.2/ 1S5.4m
Cassegrain reflector equipped with a two—beam multi-mode photometer and the
pass—kand filters used are in close accordance with the standard U, &, V
colour system. ( The details for this phctometer can be found in @ Goudis and
Meaburn, 1373, and for the telescope in: Contopoulos and Banocs, 139743, The U
observations are of lower quality than the V and B ones.

The photographic okservations at the station near the city of Povazrska

= -

Bystrica were performed using panchromatic emulsions { format 135 3& 3 Black

and White Z00, ORWD NP 27 and Foma Special 200 and a six—lens Sonnar 4/300 mm

ohjective. The ohsevvations cover the spectral region from 400 to 700 wnm.

I 1 I T
Panchromatic

emulsion +
Panchromar G3

,_.
1

Transmission-normalized to 1.0

o

400 500 600 wavelength (nm)

Fig. 1 Relative spectral sewsitivity of the UBV system and our photographic

receptor.
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A panchromar GF wide—hand filter was used on 1990 Aug 25. These filter ohser—
vations cover the spectral vegion from S00 to 700 nm (Fig. 1). Exposure times
of 10 to 30 minutes, depending on the particular circumstances, were used with
the camera mounted on a 20/1Z00 mm guiding vefractor cr a 2d0/1440 mm  guiding
reflector. All the negatives were measured on a doukle—heam microdensitometer,

The visual ohbservations vreported in this paper consist of 4877 visual

magnitude estimates of 22 symbioctic stars in the years 19

I. REEULTES

The results for all 29 ohjects are sumarized in tables and depicted in
figures. The stars for which new interesting results were obtained are discus—

sed helow individually.

a/ 7 And

This sfar was ohserved on Z nights of 1990 Jul ZZ and 27. Sl: HD 222704
(V = 5.30, B -V = -0.06, U - & = -3,1%, E¥), SZ: SAOD SI1S0 (mv = 2.7, mpg =
F.1) and 53: SA0 53133 (mv = 2.4, mpg = 10.1% wevre used as standard stars. The

results are in Tahle 1, the wvisual chservations are displayed in Fig. 2.

Takle .

Photoelectric ohservations of 27 And

Date 24470300, + \4 B\ L—R Al AR Y Ohe
23 Jul 30 1035.548 10,773 1.420 0,158, —-4,5%0d4 -d.204 W
E7 Jul 30 1100.47%1 2.E37 0 Z.6%6 0 1.73I7 201470 —1.140 b
X Z And - SZ ¢A U, A B, & V respectivelyd, + 1 — S%, # S¢ - 52
m = T T 1) T N L] T - 1 .. " .. L T T Ll T I
11.0 [ ;Z AnF NI AL S ] 1 L ] L ) ] C ]
JD 2447000.+ 300 400 500 600 700 800

Fig. 2 Visual chservations of Z And.

k7 EG &nd

The photoelectric observations weve carried out on & nights during 1989

Nov (T nightsy and on 1932 Jul Z3. The stars S1: HD 4143 (mV = 8.4y, m_ 0=
[

10.0, My, SZ: HD 3%id (V = 7.00, B - V = 0,443 and 33: HD 4322 (v = 7.5%9,

B -V = 0.47, F3) were used as standard stars. The average values aof &1 - &2

were determivned:

wn

U= 4d.640 + 0.01% (from S nights, without 1929 Neov 147,

B = 2.722 + 0.017 {(from S nights),

Al

V = 1.563 + 0,006 (from S nights).
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el
o

The results are compiled in Table and are included in the data taken from

the literature (Skopal et al.,in press and references therein) and depicted iwn

F. Our observations are not in contradiction with the characteristics of

Fig.

the star descriked in the literature. We have okserved rather large light va-—

riations in the U-filter (0.1% mag) on 2 nights of 1329 Neov 17 - 20. These are
probakly caused by the differences of the hrightness of the star measured on
the individual nights, mainly in the U-filter.
Takle Z.
Photoelectric ohkservations of EG And
Date 2447000 .+ At AR AV ALt AR AV Ohs
1d Mov 2% T.006  1.276 Q.l?d* d4.,d76  Z.66T 1.&5@2 5P
P Q.707  0.S563 0545 sF
17 MNow =% T.0dz 1,311 9.101*
17 Nowv &% A 1z "
17 Howv 2% g i.EEES =1
O, 5a9 =324
17 Nov
17 Nov 23
13 Nov
12 Nowv i
1& Nov & 1,558 =P
X [alt B 38
12 Nov 3% S5 A (s IRl
18 Nov 5% 2a47.41% 0,032 %
13 Nov &9 250,271 G033 4,635 2,714 1.35;5 3P
I GL.TE3 0. Sdad 3e
13 Nov =% 250.302 1.300 %
20 Nov 23 1.31% 1.312 = LL.E5T, 3P
D.573 0.516; 3P
2% Jul 30 1100.50% —1.690 —1.368 2.637 1.533 W
¥ EG And — 82, + EG And - 51, # 51
m L L L L L T L L | m LIS N N N N BN N R SR N B B
[ W EG And : 1 8B, . T ]
2.8 | . .. - T T T TP,
i o ] | J. Lre Al
. I . - o . 1.4 .t . .
3.0 Ll L . .
i I 1 00fav | . R
NEB = I - . oL, : B -
3.2 F .o RS- At e .s a.’ L RS
| 2 " | 0.2 F NI S, ‘ e
PR SN WA TR AN S T T A S ' AN T TR T N TN NN NUUNN SRR (NN SN G SO W
0.0 0.5 phase 0.0 0.5 phase
Fig. I UBV ohservations of EG And:. - data from literature, s - okservations
from the Skalnate Pleso Okservatory, o - observations from the
Wroclaw Ohkservatory. Phase was derived from ephemeris: JDmin =
2446336.7 + 431.7 % E (Skopal et al., 1323).
The wvisual ohbservations iwdicate light variations hkeiween 7th and
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-th

& mag, although a minimum between JD 24473200 and JD 2447400 (Fig. d) lies
gquite near the minimum derived from the photoelectric U light curve: JDmin =
2d4d46336.7 + 451.7 » E (Skopal et al., 13¥33). New chservations should confirm

it is real.

m 1 T 1 1 T . 1 1 1 1 T ] T T ¥
7.5 b - : ’ 1
EG And A '
Il 1 Il Il Il 1 Il 1 1 L 1 1 1 1
JD 2447000.+ 300 400 500 600 700 800
Fig. 4 Visual ohservations of EG And.
c/R Agr
The visual okservations show wnormal Miva-like variations <(Fig. EZ). Twe

maxima were ohserved on 19

ot 13 (JD 2447443, mag = 7.0 and 1935

(2447530, mag = £.7). These were delayed with respect %o the AAVED =phemervides

v

by 17 and 13 days, vespectively. Minima over 10.2 mag were unchserved due Lo

twilight.
m T T T T T T T T T T T T T o
- R Agr L ]
8.0 [ . ¢ . l
9.0 f . 4
10.0 | o 1
] I L I ! L ! L L L L ! )
JD 2447000.+ 300 400 500 600 700 800
Fig. 5 Visual observations of R Agi.

d/Ud Aur

The photoelectric okservations of this star were chtained con 12 nights

hetween 1333 Nov 17 and 1330 sep 13, The starsz E&i: HD 242210 vV = 16,7,

BE -V =0.28, U-F=-0.23, B3, 8Z: SAQ 57310 (mv = 2.2, mp; = 3.3, A ) and
: §3: SAQ 37937 (m = 8.7, Mg = F.5, KO) were used as comparisons. Unfortunate—

ly almost &1l the photoelectric ohsevvations (except that of 1250 Zep 12> are
concentrated arvound the minimum of brightness of the wvariakle., As we have
already shown in Paper I of this series (Skopal et al., 1990}, the Lrightrness
changes are most provnounced in the V colour. For this particular reason, it
has proved to ke very fruitful to observe this star photographically. Eince we
have at the moment only a few okservations of all three comparison stars with

not very satisfactory results, it would be very important to carry cut  such
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ohservations at several ohservatories. The results are compiled in Takle I and
depicted in Fig. &.
Table 2.

Photoelectric okservations of UV Aur

Date 2447000 .+ Al AB AV ALY AR AV (] 34
17 Nov 43,3430 Q.513 1,015 0.62?1 3P
12 Nov = 347,433 0.d467 1.01% 0.601; sSP
13 Naov =50.406 O.453  1.09490 0.605# SP
20 Nov O.d460  1,0Z2 9.622$ 5P
23 Nov —2.303 —0,.134 —1.277’$ Sk

= Dec S6d . 336 —0.3d6 -0,.137 - .273s 8P
27 Dec 8% sE2.426 -0, -0, 052 —(3.'?81s SP
4 Jan 30 296,393 —0Q.037 —O.?Ol$ se
13 Jan 30 FO%, 333 -0, 0dé ~1.¢16$ =t
10 Feh 390 FTTLA6E -0.013 —0.579& X SP
I Mar 30 F6d 334 1.1%6  1.223% 0.234 a.212 0.174 —0.397+ B
1.550  1.263 1.10% =
17 Mar 30 P63, 360 0.297 1.13% 1.255# 0.8371 0.161 —m.aaog ]
0.733 1.201 1.551 =
13 Sep 0 1152.57% -0.334 —0.433 -Z.Z270 sp

# UV Aur — S2, $ UV Aur - S1, & UV Aur - 53, ¥ 52 - §3, + St - S§3, @ S1-S2

The photographic observations were taken on 17 nights hetween 1959 Fek 10
and 1930 Aug Z5. A total of 13 stars were selected as comparisons {(together
with 3 standafd stars from the photoelectric photometry2. The relevant UBV and
photographic magrnitudes together with the visual ones were adopted from Elanca
et al. (1968) and the SAD Star Catalogue (1%&£), respectively. The data for

&1l the cemparison stars can ke found in Tabkle 4. The results from the photo—

Takle d.

Comparison stars used for photografic photometry of LW Aur

Mo Star X 3m0 Si350.0 mpg m v By - Sp
1 8a0 57757 osPoe"saSzey 3PS 37.47 0 9. £.1 £.54 0.43  0.03  FZ
2 SAO0 57353 0S5 14 S3.53% 33 19 17.00 4.8 4.54  1.25  1.27 KO

.27 .71
3 SAD 57524 05 1S 42.409 I3 41 SO.IS 5.4 S.41 -0.17 -0.55 A0
=.35  —0.ZE  -0.67
—0.21
-0.19
4 SAD S7I06 OS 16 42.951 3T S4 27.90 S.z S.03 0.27  0.37 AS
4.9%  0.25  0.d4
S.04  0.23  0.3I5
' S.07 0.3%

T 0S T4 27.729 18,05 7.7 7.1 7.44 0.1 -0.75 B0
& SAD | 05 74 Td.1%E 22.72  B.4 2.5 2.04 0.3F -0.66 EO
7 SACD 0S5 74 1d.716 Z0.02 9.0 .3 3.65  0.13 -0.4d4 B=
B SAC 0S 24 19.57F 0632 S.3 S5.02 1.4t KO

S, 0A 1.40 1.466
= 1.41

9 SAD S2O4s 0% 2d 16,534 Id 42 Sl.44 2.8 2.3 Q.24 0,71 RO

0.23  -0.6%

10 SAD ¢ S 05 2T 29.331 34 20 S9.03 5.7 S.9d4 .14 0.Z21 AO
51 HD Zd4Zsi0  0S 18 27.0 32 SZ 01.0 10.70 .22 0.23 B9
Z  SAO0 57340 03 1% IZ.2 3z 20 24.4 F.3 8.2 A
ST SAD S7937 05 18 19.& 32 1% S51.32 F.2 2.7 KO
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graphic measurements are compiled in Table § and depicted in Fig. &. The
observed light curve of LW Aur is consistent with Mira—like wvariability. OQur
ohservations suggest that the light variations with a period of about 390 days
are related to the cool component as proposed by Khudyakova (178%, 1332) and
not to the orbital motion as claiﬁéd by Garcia and Menyon (1922 on the basis
of the radial velocity curve. Our UBVY and photographic meé;urements demonstra—

te that the variations are connected with the pulsations of the cool compo-—

nent.
Tabkle S.
Photographic okservations of LWV Aur
Date 2447000.+ mag ASA Date 2447000.+ mayg ASA
10 Fek 2% S62,335 0 10,05 200 Zd 0ot =9 s2d .43 2,82 400
10 Febh &9 S63.359  10.07 200 2% Nov &9 360,320 2.51 400
10 Feh 337 S62.373 10.34 200 25 Dec 2% = F.32 400
4 Mar &9 S90.331  10.53 200 17 Feb 20 & 10.01 400
5 Mar 59 591.341  10.23% 200 17 Fek 30 @ 10,11 400
2& Mar 29 &12,.327 F.71 200 17 Fehk 20 S 10.19 400
26 Mar 9% 612,353 F.73 20O 22 Feh 90 10,19 d00
31 Mar 29 &17.310 10,15 200 22 Fek 90 10.31 400
7 Apr 83 624.330 10,11 200 13 Mar 30 LI 400
2 Sep B9 771.558 2.05 400 19 Mar 20 F.F5 400
Z Sep &% 771.571 2.3 400 25 Aug 30 7.2 200
2 Bep =9 771.58%5 2.0% 400 25 Aug 20 7.87 200/f
24 Sep % T3, ddS 2,08 400 25 Aug 30 2,25 20a/f
S dct 29 20d.,de7 2.27 400
T T T T T T
m 3
8.0 [~ 8 o
o o °
v
Uv Aur
o
9.0 | -
o
w
o
8 v Vvv
10.0 |- v v o o ]
. v 8 0° v&
v o
v vo 9 "
° .
.. * '-0 -
1.0 - F o . H 7
1 1 1 1 1 )
JD 2447000.+ 700 800 900 1000 1100
Fig. 6 . 4, 0 (V¥ 5 A photeelectric B (V) okservations from Skalnaté
Fleso, Brno,respectively and o photographic ohservations of UV Aur,
The wvisual ohservations were not continuous but are consistent with Mira-
like variakility. Minimum (mag = 10.3:)> occured on 1935 Feh 12 (JD 2ad47210:),
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maximum (2.d4:) on 1982 Jul 7: (JID 2447350:>. The ohservations represent the
comkbined magnitude of WV Aur  and its 11.0 mag companion. The visual

ohservations are depicted in Fig. 7.

m [ . ]
9.9 | UV Aur T e .
10.0 .~ ) .

JD 2447000.+300 400 500 600 700 800

Fig. 7 Visual chservations of UV Aur.

By combining photoelectric, photographic and visual ohservations we wers
akle to distinguish 3 cycles of hrightness variations. Based on the determina—
tion of the times of minima ¢JD 2447215, JD 2447580 and JD 2447945 5, a new
vxlue for the period of long—term hrightness variations of LV Aur was determi—
ned (about I£5 days>. It is considerably shovter than the previously puklished

period of about 394 days. A detailed period analysis will appear elsewheve.

e/ TX CUn
Takls Za.
Fhotoelectric ohservations of TX TUn

Date Y BV - Alt AR AV ks
13 Mar 30 Fed.31Z FL.703 0 0.418 00147 Q.261 0127 =]
0,471 =0 5% <!

17 Mar 30 FE2,A1T FL.7E3 0 0.412 00131 O.1d1 =
T =027 M =

18 Mar 20 FEF L ATT F.513 0.Sde —0.045 2.101 : W
G.Fle —0.248 —1.072* W

I Apr F0 =0.,073 '* W
Z Bpr 30 —0.0&63 e W
2 May 30 -0, OS50 ., W
13 May 30 0,056 # SP
12 Jul 0 0,03% % Sk
16 Jul 20 X W
22 Jul 30 0,100 0.1?2* W
TE Il 30 0.130  O.122 W
XF# W

27 Jul 30 1100366 0,591 0.1d2 O.IHZ* W

*

b

X §1 - 52, + S% - 82, # 5% - 51

The photoelectric photometry of TX Cvn was carried out on 11 wights

hetween 1730 Mar 13 and Jul 27. The stars Sl: SAQ £322F (V = %.34, B - V =

0.30, U - B = 0.03, FOS), S2: SAD £3187% (mv = 2.4, mFJ = %.d4, FZ) and E3: EAD
o

EEZ00 (mv = S.0, mpg = %.%, K2Z) were used as standards. The results are summa-

rired in Table éa, h. The data ckbtained at the Erno Dbservatory display a lar-
ge scatter. Its reality, however, is rather problematic. Ewcept for this, =&
slight decrease of the star’ s brightness in all three colours has heen

okserved. The visual ohservations are shown in Fig. =.
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Takle &h.
Two choosen nights of UBY ohservations of TX CVn carried out at the

Kryonerion Ohbservatory on March 2d./ 25. and 2Z2./ 29., 1930

2447375, + v B-v LU-B 244737% .+ Y B-V U—B
.50t FLERT7 1.244 -0,.227 3324 F.424 1,107 0.130
5152 F.295 1.11d4 -G.178 - L 2.37% 1.148 0.07d
L5192 F.323 1.128 -0,152 L5044 F. 443 1,093 0.115
JS2E7 2.337 10135 —-0.180 LS092 F.4284  1.070 Q.001
S22 F.406 1,073 0,204 5142 F.d4d4% 1.146 -0,123
L5339 2.405  1.13% -0.2S52 SS2e7 F.291 1.170 Q. 00&
.S520 F.436 1.121 -0.21Z2 LS31Z F.265 1.102 2,043
. S605 2.451 1.186 -0.Z22 - S34s FLIS0 0 1.17& Q.04
. 3838 F.433 1.1dd  -0.124 ==t FL.380 0 1.225 -0.02&
SBT3 2.427  1.210 -0.257 5431 F.376  1.25d4  —0.045
-SPzd F.437  1.136 -0.19% e F.383  1.259 -0.123
L5370 2.383 1.170 -0.zZ40 SRE3I F.371  1.252 -0.159
- 6006 F.2791 1,032 -0,027 LS6A1 F.338 1.170 -0.047
L6047 F.3d2 1.030 0.011 . S708 P.320 1.1&2 Q.02

m . I.‘ X .I . .I. ehe o o L La T N T AR .l' I. L} T .l L}
10.0F 71X cvn R T
1 I 1 1 1 1 1 1 1 1 1 L 1 1
JD 2447000.+300 400 500 600 700 800

Fig. 2 Visual ohservations of TX CVUn.
f/ T CrB

T CrB was observed photcoelectrically on 7 nights in the 1930 Mar 12 - Jul
27 interval. Three standard stars were used: Sl: HD 142%2% (V = 2,41, B - ¥ =
0.51, U - B = 0.03, F8V), SZ: HD 143313 (V = .33, B - V = 1.00, U - B = 0.7Z2,
KZV) and S3: HD 143455 = BD +25° 3009. The values for €1 - 52 slightly varied
in all three filtercs. The differential magnitudes of S1 — S3 do not manifest
any variations. This indicates that the star SZ is prokably variakle. T CrB
changed its hrightness in the range V = 10.0 — 10.4. Changes of a similar
amplitude also appeared in the U and B colours. The results are compiled in
Takle 7.

The visual observations reveal maxima cf the ellipscidal variations (mayg
10.2 = 10.3) in 1938 Mar, Jul, Oct, minima (10.4 - 10,67 in 1992 May, Bep,
1939 Jan, May, Aug, Nov. When compared with the ‘elements given by Peel (13903,
who used an orhital period of 2Z27.53 days, the estimated mean O - C values are
as follows: Min I +% days, Max I +& days, Min II +14 days, Max II +Zdays
(where we have used calculated phases of ¢.25, 0.5 and 0.7S for Max I, Min II,
Max II, respectively). When compared with the elements derived on the basis of
the earlier BAA results (Isles, 1974), which imply an orkital period of Z27.32
days, the mean O - C is zero. The following elements fit all the availahle RAA
data from 1956, since when our ohservations have hbeen continuous:

JD (Min I> = 2435571 + 227.% x E.

The visual ohkservations of T CrR are depicted in Fig ¥. This character of va-—

N

312

© Astronomical Institute of the Slovak Academy of Sciences + Provided by the NASA Astrophysics Data System



riations is supported by the photoelectric okservation

Takle 7.

Photoelectric observations of T Cr

S.

B

Date 2447000 .+ v B-V U-B Al AR AV Ohbs
1& Mar 30 F6F.473 1.451 0.&68 —-1.023 -0Q.23Z 0.1?2: W
2 May 30 1014.460 10.023 1.3d7 0.39%0 -0.770 -0.244 0.242 W
30 May 30 104Z.412 F.362  1.3%2  0.416 -1.011 -0.26% 0.230 W
15 Jul 20 1032.400 10.235% 1,323 0.257 -1.006 -0.266& 0.232* W
~Z.108  -0.360 O.&24 W
16 Jul 20 102%.40% 10,277 1.262 0,192 -1.02% 0.204* W
—Z.0a3 0.612 W
22 Jul 30 10395.403 10.277 1.212 0.007 -0.30% 0.256* W
-z.041 0.616 W
27 Jul 30 1100.334 10.326 1.352 0.304 -1.03Z2 0.197* W
. —-2.037 0.612 W
+ 51 - S2, ¥ 51 - 83
m T T T T T T T T T T T T T T
10.5 . i ‘l'; . .-
1.0 F 1 crp T
il 1 1 1 1 1 1 A 1 1 L L 1
JD 2447000.+300 400 500 600 700 800
Fig. 2 Visual chsevrvations of T CrE
g/ BF Cyg
The photoelectric okservations of BF Cyg were obtained on 19 wnights
Takle 2.
Phctoelectric ohservations of BF Cyg
Date v B- LU-R ALt AR AV Cihs

A 7000, +

Mow 23
Dec =9
3 Dec =% -0, 222
s Jan 20 0,210
: Mar 30 0,413 a3 b 3.282 W
Apr 30 a8 S 3,267 W
Z May 20 [ & ILET71 W
May 0 4,533 3265 W
Jul 30 5.373  —0.625 4.501 3.27%5 W
Jul 70 0.372  ~0.80& 2P
Jul 30 0,373 0,526 4,427 3.272 2.561* W
Jul =20 —-0.603 SP
Jul 30 -3.611 5P
Jul =20 -0.&15 ¥ sP
Jul 30 0,420 -0.662 d4.50% 3,273 2,554 W
Aug 0 0.405% -0.857 EP
25 Aug J0 G.401  —0.650 5P
26 Aug 0 0.410 —0. 866 SP
31 Aug 30 0.34% —-0,751 =3
¥ S - 51
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hetweer 1937 Nov 27 and 1390 Aug 31. The neighbouring stars S1: HD 133650 (V =
6.96, B -V =0.71, U - B =1.7)» were used as the ccmparison and the check,
respectively. The results are sumarized in Takle 2 and displayed in Fig. 10.
our data indicate an outburst phase for BF Cyg in the 19323 Nov — Dec period.
According to our observations, the wmagnitude V = U during this period,
although the cool component of this symbiotic binmary is a MS III giant (Kenyon
and Fernandez-Castro, 1787). The outburst phase has been confirmed by visual
magnitude estimates (Green, 1937) and hky our data (7.9) from 132% Nov.  The
value of the U - B index has heen increasing up to our most recent chserva-—
tions of 1330 Ahg 31 (Fig. 3). The values of the B — V colour index and the V
magnitude itself were more or less constant or varied irregularly arocund ©.d
and 9.7, respectively. This increase in the blue continuum probably reflects a
strong interaction in the UV spectral region.

The visual observations are displayed in Fig. 19. They indicate a minimum

near mag = 11.6 in 1928 May — Dec and an outhurst at mag = 9.9 in 1927 Nov.

m T T T
v BF C
9.6 I o yg [P T
. ° o e " L .¢° -
° a :
9.8 .
0 - % -
0 o af® °
- B-V ° e a o a°® 9 -
o
- 0o @ T
-0.6 | °9 _
- a -
a
o
-0.4 F ° -
u-B
%
-0.2 L ®o .
- [} L
JD 2447000.+ 1000 1100

Fig. 10 UBV observations of BF Cyg: o Skalnaté Pleso, o Wroclaw Ohservatories.

10.5 ¢

11.5 S 1

i 1 L 1 Il ot . il i L L L L L L

JD 2447000.+300 400 500 600 700 800

Fig. 11 Visual observations of EBF Cyg.

314

© Astronomical Institute of the Slovak Academy of Sciences + Provided by the NASA Astrophysics Data System



h/ CH Cyg

This star was ohserved photoelectrically ori 37 wights between 1957 Oct 24
and 1930 Aug 31. The stars S1: HD 124734 (V = 5,91, B - V = 1.62, U - R =
1.7d, M2 3, 8Z: SAD 4SdZs ( m = 2.0y, mpg = g.&, F2 » and EZ: HD 122691 ( V =

&£.525, B-V = -0.07%, U-B = -0.240 > were used as comparisons. However, S1 ex—

Takle 3.

Photoelectric okservations of CH Cyg

Date 2447000.+ v B-V  U-B Al AR AV Obs
24 Dct @ se
1T Nov =9 cp

= 1.442 o.43= se
17 Nov @& 1.398  0.426 5P
12 Nov & 1.375 0.z62 sp
1% Nov =& 1.395  0.397 sp
20 Nov 1.487  ©.630 sp
29 Nav 3 0.373 sp
% Dec 1.608 0.361 —0.409 : 5P
23 Dec 1.770  1.023 —0.a6% ; oP
3 Jan 1.76%  0.369 ~0.547 y sP
& Feh 1674 0.677 -0.561 y s°
1% Mar = 1.691 0.265 —0.623 S
19 Mar 1.813  0.400 2674 Tow
19 Mar 3 1.732 0.4z Z.637 , v
20 Mar 30 1.717  0.260 —0.605 sp
5 Mar 1.70% 0.773 3y P
L Apr 1.727 0.307 s e
2 Apr 1.732  0.41t W
- - - - +
Z Apr 1,508 6,423 Loou
2 Apr - 1.7931 0.a7a Toow
Z Apr 1.214 0.472 MY
2 Apr 90 1.716 0.33% ¥ s
, 2 Apr 1.817 0.450 7t
Y2 Apr 1.814  0.4as S
: -
z + Y
:: -
. X 5
W
W
W

| R e Al e e e N e L CC B oV I VIS S )
. .

May O 1.622 -0.046&
May ‘30 1.64% 0,058
May 20 1014.5Z0 1.617 —-0.104 z
May 30 1014,5d6 1.6d47 -0.083 Z2.6%4 2
20 May 30 1031.526 1.30% -0.171 —0.o01 1 + P
20 May 0 104Z.333 1,338 -0.492 2.702 2 = 0,
20 May 0 104Z.45Z2 F.107  1.31% -0.d66 Z.726  Z.4Z1 .350+
31 May 30 104Z.530 F.116 1.327 —0.d46% 2,663 2,404 .Bd3x
I Jur 0 1046,435 FL.028  1.26% -0.250 —-0.547 1.14g2 - 32& SP
27 Jun 30 106%,503 I 1.409 -0.060 « 5P
27 Jun 1 1,202 -0.274 2.39'* =1
2 1.215 -0.285 2.3 M sP
) —0.340 2.32:+ 5P
- —0.511 1.34 + ]
] — . 540 1,22 £ W
& -0.d413 E.ddu* sP
2 & -0.427 Z.aze, 8P
110 z 3 —.574 1.84~+ W
1100337 R84 L —0.513 1.24 X W
1101 .537 el = S0F 2.d1 + sP
11065354 & =0 530 1.8d0+ W
1106.565 e ¥ —0.584 1.843* W
1129.543 =) * =0 540 = Z.BId* sP
1135375 #d —0.464 —0.55% 1.177 Z.423 i

+ 82 - 53, ¥ S - 51
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hibited light variations of Aumay x 0.1 mag, AR X f0.08mag and AV x

masx max
*0.0% mag (Takle 3). Therefore, it cannot be used as a standard star anymore.

The U and V light curves of CH Cyg are shown in Fig. 12. The strong and rapid

brightness variations in all three filters were characteristic for CH Cyg over

the whole observational period. The greatest brightness change by akout 1.%

mag was observed in the U colour from mid-March (11.0) to August 1930 (3.2

as in the summer of 1933, The V brightness decreased at a rather regular rate

of akout 0.6 mag / 100 days. It reached two minima near V = 2.2 at the

beginning of 1720 March and in 1990 May.
A total of 953 visual magnitude estimates of CH Cyy were obtxined
the years 1988 - 1989 (Fig.

during

1Z). They indicate & steady decrease in the star s

brightness from 7.2 in 1938 Jan to 7.2 in Jun, when the star was fainter than
when previously seen. Subsegquent oscillations with maxima of 7.7 - S.& and
minima of 5.7 - 3.0 in a cycle of 190 days are probakly due to the semiregular
variations in the red giant component.
m I 1 I I I 1 I I I I I I !
R CHCyg "
P ..
. ‘e N . B
-. -
8.0 L \ TR _
. . * o .
. o
i . " . . "
. . .. .‘.
- 3 . E éz.
.. o o™ °
9.0 L .., 3 ..'.’-' ]
‘:.,- . . % §'
e - § o
'.u . . ' n.
10.0 - N TR
§] . ¢ . . e P
. . bt b o e, .
. . “ - .
.. et ‘e ?
1ok t J: - . ,& . ]
. R . %
1 1 1 1 ! ! I | | L | -
JD 2447000.+200 400 600 €00 1000
Fig. 12 U and V light curves of CH Cyg: o data from the literature, oh—

Fig.
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o Wroclaw ohservatories.

JD 2447000.+300

13 Visual ohservations of CH Cyg.
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i/ CI Cyg

The star was observed photoelectrically on 5 nights hetween 1990 Apr 2
and Jul 27. The stars S1: SAD 6394% (V = 5,55, B -V =-0.04, U - B = -0.3F,
B9) and SZ: BD +35° 3821 (V = 10.49, B - V = 0.31, U - B = 0.13) were used as
the standard and the check star, respectively. CI Cyg changed its V hrightness
in the range of 10.& - 10.% and was near 1Z in the U and B filters during this
period. The results are summarized in Table 10.

As for the wvisual ohbservations (Fig. 1d4), we <can see only minor
variations around mag 11.0 until 1933 May when the star began to fade reaching
11.7 mag by 1989 Sep — Dec. From the elements in the GCVS ( Kholopov et al.,

1935 >, an eclipse of 137 days centered on 1%3% Dct 23 followed.

Table 10.

Photoelectric observations of CI Cyg

Date 2447000, + v B-V U-E ALl AR AV Obs
2 Apr 30 FRITL.EBT 10,674 1.438 0.065 —2.673X W
Z May 30 1014.534 10.31% 1.34% -0.102 —Z.694 W
30 May 30 104Z.4932 10.382 1.3%% -0.10% —Z2.6824 W
22 Jul 20 1035.506 10.643 1.350 -0.133 —2.642 W
27 Jul 30 1100.4d47 10.646 1.361 -0.165 —2.&6%1 W
¥ 81 - 82
m F T T T T T T T -
11.0 -
12.0 7
L i I I 1 L L I L L ) 1 L L
JD 2447000.+300 400 500 600 700 800

Fig. 14 Visual observations of CI Cyg.

i/ V1016 Cyg

Orly one measurement was made on 1930 Jul 23, The stars Si: HD 132326
(V = 7.9, B -V =0,78, U - B = 0.35, G&) and S5Z: SA0 d4&33& (mv = 9.1, m_ =
10.2) were used as the comparison and the check, respectively. The single re-—
sult can be found in Table 11.

The visual okservations are depicted in Fig. 15.

Takle 11.
Photoelectric ohkservations of VIOl6 Cyg

Date 2447000 .+ Y B-V U-B AU AR AV Oks
28 Jul 30 1100.556 11.2832 O0.130 -0.62% -1.d435 -1.7a2 —2.005x W
¥ 8t — 82
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10.5 F V1016 Cyg * - . o
L L Il M L 1 L 1 L L L 1 L
JD 2447000.+300 400 500 600 700 800
Fig. 15 Visual ohservations of V1O1& Cyyg.
k/ V1329 Cyg
The star was observed photoelectrically on 3 nights hetween 1922 Sep I&
and 1932 Sep 30. The stars 82, 5S4 and 5% were used as comparisons (the
relevant data for these stars can be found in Table 12 and is depicted in Fig.
16). The observations (Takle 13) were made shortly after the maximum of the
star®s brightness. The V magnitudes are depicted together with the visual
observations in Fig. 17.
Table 1Z.
o
Comparison stars for V132% Cyg o d
o
No Star v BV B ° °
1 BD+3S5 4234 10.16 1.07 5 ° .
2 BD+35 4290  10.34 1.07 0.8 @ T
= 11.06 1.22 1.11 S 2
a4 11.61 1.39 1.49 Lot e
\_v\ » °
=1 12.28 1.11 .27 o .
I
& 13.5% 0.32 . o N
7 13.d46  1.02
=2 B = 15.% Fig. 1& The identification chart for
< B = 16.2 V1ZZ% Cyyg
Table 13
Fhotoelectric observations of V13279 Cyg
Date 2447000, + ALl AR AV ALt AR AV ks
26 Sep S5  431.320 0.69 1.3:1: -0.46 -0.585 K
Z6 Sep 33 d31.353 ~1.6 0.24 0.33@ + [
22 Sep 28 433,270 1.1 2.23 2.695 -Z.d -2.06 —1.833 4
0.65 1.3d,  -2.2  -1.63  -1.3d4 b
-1.2 C.21 0.87@ . kK
30 Sep =3 a35.320 1.2 Z.23 Z2.71 -Z.d -Z.06 -1.2d K
-1.2 0.227 0.8 i
$ VI32% Cyg — Sd, & V132% Cyg - S5, @ V1329 Cyg - S2;
¥ 54 - B85, + B8 - 55, # 52 - S84
m T T 1 T T T . ) T 1 1 T T T T
3.0 V1329 Cyg . k
13‘5 B L Il 1 L L . 1 1 1 L L ' 1 Iv ]
JD 2447000.+30 400 500 600 700 800
Fig. 17 % — V magnitudes and . — visual okservations of V1329 Cyg.
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1/ AG Dra

The photoelectric observations were obtained on & nights between 1990 Mar
1% and Jul 27. The stars Sl: SAO 16352 = 8D +67° 925 (V = .88, B - V= 0.5,
U - B =-0.0d4, GO> and SZ: SAD 16935 (mv = 9.8, mpg = 10.&) were used as the
comparison and the check, respectively. AG Dra seems to stay at its minimum
hrightriess phase with V abkout %.3. The results are sumarized in Table 14.

The visual observations are displayed in Fig. 1&.

3
Takle t4.
Photoelectric observations of AG Dra
Date 2447000 .+ Y B~V u-B au AB AV Okbs
13 Mar 30 69 .50% ¥.803 1.455 0,733 -2.363 —-0.530 0.416: W
2 Apr 30 F33.634 F.300 1.410 0.82% -2.374 -0.516 0.385* W
2 May 90 1014.402 3.77% 1.426 0.30% -2.271 -0.546 0.3'96x W
30 May 90 1042.440 F.8306 1.429 0,71% -2.442 -0.540 0.3?3‘ )
15 Jul 30 1032.334 F.227 1.435 0.6d6 -—-2.232 -0.54% 0.387* W
27 Jul 90 1100.396 ¥.371  1.432 0.696 -2.270 -0.433 0.416 W
¥ S1 - Sz
m T L T Al T A T L ] L T T T 1
AG Dra - - AT R ot et D e L]
10.0 foee="% s &oi% .. . feet e "':.._ R I Y RO S T S
10.5 F 4
L L — L 1 " L L 1 I 1 1 1 1
JD 2447000.+300 400 500 600 700 800

Fig. 12 Visual observations of AG Dra
m/ Ct Dra (4 Draj

In addition to our first 10 observational runs of this unique symbiotic-
like/cataclysmic triple system, presented and briefly discussed in Paper I of
this series (Bkopal et al., 1990), we have ochtained 3& more runs on 35 nights

hetweern 172% Sep 1 and 1930 Sep 23. The data of 1337 Sep 1, although taken du-—

ring the time interval described in Paper I, were recovered too late to he
included in that earlier paper. Their inclusion, however, affects the
discussion presented in Paper I as far as the comparison of the 1933 Aug - Sep
"mini-flare" between the individual filters is cocncerned. Table 1S contains
the mean differences in the U, B and V colours hetween 4 Dra and our main
standard star, & Dra, for the individual runs. As can easily be seen iwn
looking at Fig. 20 (in this figure, for the sake of completeness and clarity,
we have also included the data points‘presented in Paper I)>, where the results
of our long—-term UBV mownitoring of C& Dra (4 Dra) are displayed, the behaviour
of the star over the whole observational interval is clearly different in the
individual filters. The data reveal a steady decline of akout 0.3 mag in U and

0.2 mag in B. This decline is hardly visible in V, if present at all.. The
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slope of the decline in U and B changes at about JD 2447950
JD 2447330,
is much steeper than that of the decline although,

this

and then turns into a rise after about It seems
the rise
rence of an irregular variability during the declirne,

has to be verified by further data. The light curves in

exhibit an irregular variabilfty on a time scale of weeks wi
of there

ali The

towards the end of the decline qﬁd during levelling out and

up to 0.15 mag. As for this mode variability,

morphological similarity between three filters.
the irregular activity of the star on a time scale of weeks
U and (less apparently) B light curves are well correlated
velocity-hbased 1703-day orhital ephemeris for the C& Dra (4
by Reimers et al. (198€). The time span of our observations

phase interval 0.777 - 0.10& of their ephemeris. As we have

all

when it levels out
that the slope of
the

particular

given occur—
point
filters

th an amplitude of

three

exists
data

a general

that,
the level of
Tiee

radial-

show
rise,
is rather low.
with the

Dra) system given
cerresponds to the

already discussed

in a conference paper to appear in these Contributions, on the basis of a more
1 (Urkan
1990), the data lead us to the conclusion that we have accomplished the

limited observational material oktained up to 1930 Apr and Hriz,
first
optical photometric detection of(the orkxital motion within the CO Dra (4 Dra)
fully

this earlier conclusion (see Fig.13). The evidence for the presence

A +BC system. COur new more numerous observational material supports

of

(hours) variations in C& Dra, hest pronounced in the U colour, is now stronger

rapid

than at the time Paper I was written, but the issue has still not heen settled

I | 1
m . . * ®
* * . . " 3 .*o' .
. ) °
‘ '.’ ° ‘. o v
0.2 o %o % .
° ? °
& °
®© 8 o '8 o o® 8
o ‘ o ° B
-0.6}= -
4 Dra
* . 'Y 8 o
fa . v
-1.0p= ® .
[} o " * . :‘0 -
t Ter oo
1 ] i
JD 2447000.+ 750 950 1150

Fig. 19 UBV ohservations of C2 Dra (4 Draj.
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definitely (see Urban and Hric, 1930). A full scale detailed analysis of our
UBV photometry of C® Dra ¢4 Dva) is now underway and the results will appear

elsewhere.

Takle 1%5.

Photoelectric observations of € Dra (4 Draj.

Date 2447000 .+ At AR AV Obs

1 Sep &9 771.441 Q.326 0.132 0.115 sP
12 Seyp 273 727.574 0.93& 0.214 G.118 EP
1% Nov 3% AT 606 0.34%  0.25% -0.042 SP
1'% Nov &9 SdF.613 0.372 0.264 —0.040 SP
3 Dec =7 26d4.411 1.033 0.320 .09 SpP
g Dec =9 gEg.671 1.077 0.372 0.086 SP
29 Dec 23 237 .643 1.073% 0.370 Q.032 sP
30 Dec 29 FI0.667 1.090 0.377 0.092 SP
31 Dec 2% S7¥1.634 1.037 $.387 0,093 SP
3 Jan 30 FO0 . 43R 0.952 - 0.131 =1
13 Jan 30 205.400 1.04% 0.341 0.05& SP
14 Jan 30 FOS.612 1.063 Q.346 0. 056 sP
7 Feh 90 F27.509 1.010 0.293 -0.005 SP
2 Fek 30 F30.540 1.001 0.287 -0.001 =1
14 Feb 30 FT6.546 1.011 0.314d 0.030 SP
12 Fek 30 340,572 1.0a2 a,.3a7 0.060 =14
20 Feb 90 42 .537 1.041 0.379 0.091 SP
& Mar 30 3 52 1.07% G.3287 0.03% sSP
17 Mar F0 IEE. AT 1.01S 0.346& 0,055 SP
13 Mar 30 F70.437 1.024 G342 0,05 SP
Zd Mar 20 375.450 1.030 0.329 0.039 =14
1 Apr 30 IBZ.5TT 1.072 0.351 0.062 SP
1 Apr 90 F83.45d 1.0%0 CGL.364 0.077 SP
17 May 0 1031.42% 1.020 0.372 0.032% =1
F Jun 0 1052.492 1.029 0.357 0.072 sP
30 Jun 0 1073.40% 1.057 Q.350 0,050 sP
Jul 20 1024.42F 1.004 0.330 0.055 5P
Jul 30 1025.440 1.022 0.341 Q.04% sSp

Jul 30 1095.534 0.34% 0,082 SP
Jul 30 10%6.442 3 .34z 0063 SP
20 1037.537 0.96&1 0.3d4d 0.072 SP
F0 1101.370 0.9%6 <337 0.051 SP
20 1108.495 0.903 0.272 0.025 SP
P00 11Z8.592 0.317 0.307 Q.064 sP
20 1129.3589 Q.217 0.320 0.063 EP
Sep 20 1158.34% 0.528 0.300 0,043 sSP

n/ YY Her

Only one photoelectric measurement was obhtained on 1990 Mar 12. The stars

Si: HD 167133 (V = 6,13, B - V = 1.47, U - B = 1.72, K4 III) and S2: SAQ 25232
Cmv = 2.6, m‘:‘g = 9.3, KO) were used as comparisons. The result can be found in
Table 1&.

The visual ohservations are shown in Fig. ZO.
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Table 1é.

Photoelectric ohkservation of YY Her

Date 2447000+ v B-V U-B ALt AR AV Obs
17 Mar 20 F6F.551 12.826 1.357 -0.24% ~-1.604 -2.014 —'2.'231x W
¥ 81 - gz

m L] v T T T . ]
13.0F  YY Her . . o . .
I ke s | 1 1
D 2447000.+300 400

Fig. 20 Visual okservations of YY Herﬁ

o/ Vad3I Her

Again, only one photoelectric measurement was obtained on 19390 Mar 125,
The stars Si: HD 163953 (V = 6.9%, B - V = -0.12, U - B = -0.56, B3> and B8Z:

SA0 25979 (mv = 8.5, = F.6, K5) were used as the comparison as the check,

m
P
respectively. The result is in Tabkle 17.

The visual ohservations were chtained only in 1922 and are depicted in

Fig. Z1.
Takle 17.
Photoelectric ochservation of Va4dX Her
Date 2447000 .+ v B-V U= ALt AR AV Ohs
13 Mar 90 369.571 11.501 —-0.115 0.750 -5.425% -3.157 —1.539* W
¥ 51 - 82

T T T T T T

m } .
V443 Her .

120 b ot T e e T

JD 2447000.+300 400

Fig. 21. Visual ohkservations of VddZ Her

P/ BX Mon

The visual observations of this symbiotic star do neot fit the GCVS
elements with the period of 1374 days which predict & minimum in 1932? May  and
maximum on 1930 Nov 11. The results of the visual obhservations are shown in
Fig. Z2.
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n [ , . . . T — . . — —
s BX Mon . ’ :

11.0f - :

12.0 | . ]
30 20870004300 a00 500 e00 700 800

Fig. 22. Visual ohservations of BX Mon
q/ RS Oph

In looking at the visual ohservations depicted in Fig. 23, we can easily
distinguish erratic variations in the ramge 11.2 - 12.0, including & dip of
about 0.5 mag lasting akout 15 days and centered on 198% Sep 28 (JD Zd4d477938).

m

11.0

12.0

JD 2447000.+ 300 400 500 600

Fig. 23 Visual ohservations of RS Oph.
v/ AG Pey

This star was ohserved photoelectrically on 3 nights, 1990 Jul Z1, 23 and

27. Unfortunately, the comparison star 351 was identified erroneously in our
X asp = 21“47’“-:9.?5, b1gmp = +12°06706"
was used as the comparison, instead of the SZ: BD +11 4651 (VW = 2.10, B - V¥ =
-1.0&, UV - B = 0.97, KO) which was used as the check star. We determined the
S1 star: V = 10.340, B -V = 0,355, U - B = 0.21F from the Si - Bz
+ 0.015 (3 nights)y, 4 B = 1.965 * 0,006 (3 nights)

and A V = 2,260 * 0.03& (3 nights). Al the results are summarized in Table 18,

campaign”s chart material. An 51 star:

differences: A Ul = 0,302

The light variations evident in the visual observations (Fig. Zd) with a
period of akout 200 days are apparently linked to the orbkital motion. It is
hard to date exactly the maxima and minima owing to the small amplitude and
the seasonal gaps. The minimum (2.7)> may have cccurred at akout 1388 Apr
(jD 2447260:), the maximum (2.d4) at akout l?ﬁé Dec (JD 2447525:)>. This is,

again, in contradiction with the GCVS elements (7&0-day period) which predict

m T ) T
AG Peg

v
it

cgeste

JD 2447000.+ 300 400 500 .. 600 700 800

. Fig. 24 Visual ohservations of AG Peg.
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the minimum for Junie.

Takhle 1.

rhotbelectric ohservations of AG Pe:

Date 2447000+ . V E-V U-E Al AR AV Ohe

21 Jul 90 1033.3d2  2.63% LZdd QL1583 Q.83 LS7S
23 Jul 90 1035.S2%  5.724 z 0,124 G, 204 1.553
27 Jul 30 1100.466 2,637 0.167 G734 1.567
¥ 51 - 52

s/ AX Per

S

The photoelectric oksevrvations of this star were ohtained on 1
A

o

between 199% Nov 27 and 1330 Aug 31, The stars Sl: HD 1003 (Vv = 7.39

0.25, U - B = -0.33, BE> and SX: SAO 2444 (mv = 7.3,

Q) wers usert

m = S.I, K
as the comparison and the check, respectively. The difftiences a4 U (52 - 81y =
1.765 + 0.004 (12 wights), A B (82 - S1) = 0.20% £ 0,004 {12 nights) and A V
(82 - 81) = 0,037 % 0.003 (1% wnights) derived from our measurements yield ¥ =
7.427, B - V = 1.01& and ) — B = 0.&3Z2 for the check star.. .

The results are compiled in Takle 19 and displayed in Fig. 25. In

Dec, AX Per reached the maximum of its brightness: V = 2.22, B - V = (.58,
U - B = -0.40, During the period from 19%C Jan to Febh 22, 2 gradual decrease
of the star’s brightness in all filters of akout CG.d - O.% mag is indicated.

During the time interval from 1933 Feh ZZ to Mar 20, the light curve prohakly

exhibited a flat minimum around the phase cf about ©0.55 (according to the

ephemeris JDm = 243&673.4 + £31.6 u E (Kenyen, 133233. This hehaviour can he

interpreted a;ﬁan eclipse of the cool component by its het companion. The fact
that the minima in the U akd B light curves are deeper thanm that in  the V
light curve along with the eclipsed star heing a M3 111 giant, implies the
existence of an additional radiation source in these spectral hands, probakly
displaced on the red-giant hemisphere facing the hot companion. We have
discussed this phenomenon in more detail elsewhere (Skopal and Komarek, 1%30).

The visual okservations cover the period from 192= Jan to 1929 Dec and
are displayed in Fig. 26. Between 1332 Jan 12 and 1%3% Mar, the stavr s bright-
ness increased from 11.7 to 9.2. An outburst had clearly begun. A deep mini-
mumy corresponding to an eclipse of the hot component by the cool one, lasted
for about 390 days and took the star helow 1Z.Z for akout &C days. Although
minimum brightrniess was not actually ohserved, the date of its occurrence can
e estimated as 1789 Jan 25 (JD Z24d4755Z). One can ncte that this estimate is
not consistent with the ephemeris given by Kenyon (the difference is about 33
days). The interval from the beginning of the decline to the minimum, lasting
about 150 days, was shorter than the vrise which took about 240 days. In  late

1989, AX Per was again near 7.2 and possibly heginning to fade.
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Takle 13.

Priotoelectric ohkhservations of AX Per

Date 2447000+ Y B~V U-R Al AR AV ks
23 Nov 29 260,300 F.27 0.597 —-0.337 1.76% 0.816 0,033 8P
I Dec &% 264 284 F.28%9 0.557 -0.393 1.786  0.833 0,053 SP
27 Dec 379 233,324 F.262 0,593 0,422 1.78%  0.331 0.05%5 5P
2 Jan 90 F00.292 F.30d  0.&21 —0.43Z 1.777 0.81& 0.04Z SP
13 Jan 0 FO5.E30 F.357 0.4 -0.441 1.736 0.216 0.051 sP
23 Jan 0 F21.360 F.5TS 0L6ES -0.497 1.764 0.203 0.032 SP
& Feh 30 F27.3384 F.562 0.673F -0.437 1.7595  0.737 0.02Z%5 =1
7 Feh 30 FI0.37E2 0,655 -0.461 1.760 0,795 0.031 SP
10 Feh 30 FEI. 364 0.662 -0,433 1.764 0.794 0,030 'SP
17 Feb 20 240,258 0.73&6 -0.55%5 1.76&  0.313 0.040 SP
21 Fehk 30 Fdd 266 .73t -0.3501 1.7d4% 0.734 0,014 SP
22 Feb 30 45,277 0.752 -0.50= 1.762  0.202 0.027 5P
23 Feh 30 6. 2T Q.713 -0.,483% 1.733  0.730 0,013 SF
25 Feb 30 FAIL 260 C.756  -0.4%1 1.7d4d4  0.791 0.02Z2 sP
17 Mar 20 FER.ZTE Q.732  —0.420 1.73d 0.73%  0.043 sp
17 Mar 20 F70.267 0.710 -0.479 1.7%2 0.79% 0.047 5P
27 Jul 30 1100.517 0.327 -0.372 1.732 0.77¢ 0.053 W
Z1 Aug 90 1134.55& 0.2d40 -0.3&2 1.770  0.205  0.041 EP
m T T T
0g==="0s
% AX Per
\
-—ea ‘\
9.5 ¢ %\
\ “o-g‘
‘\\ ‘W‘"-u V
jS
\
O~
d o,
. -4 U
10.0 3 .
\
\
‘\
A}
Yoo o,
\
1 N,
) ° ©°
i B
-0.5 | ee. s UB
L . .t o,
LI .
-0.3 [ o
L2
6 F O ., N
T B-V 2
0.8 .o
1 1 1 | 1
JD 2447000.+ 1000 1100
Fig. 25 UBV chservations of AX Per: .« Skalnate Pleso and a Wroclaw

Okeervatories,
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JD 2447000.+ 300 400 500 600 700 800

Fig. 26 Visual observations of AX Per.
t/ PU Vul

The photoelectric UBV observations of PU Yul were made in the period from
1983 Sep 23 to 1990 Jul Z7. The parameters of the standard stars used can be
found in Table 20. PU Vul kept its hrightness virtually constant between 1323
Sep 22 (JD 2445606&) and 1935 Jun 30 (JD 24de2473: V x 3.5, B - V = 0.4 and
U - B =X 0.0. During the period from 1926 Jun 27 (JD Zd44£603) to 1986 oOct d
{JD 2d4d4&702>, small decreases of akout 0.2 and ©.15 in the V and B filters,
respectively, were ohserved, although the U magnitude did wot change signifi-
cantly until 1927 Oct 29 (JD 2d4d4709&). Thereafter a gradual decrease was
recorded in all three colours over the whole interval up to the most recent
observations. Moreover, the U-B colour index significantly changed its wvalue

by about -0.7 mag, while the value of the E-V index remained almost the same.

Table Z0.

Photometric data for standard stars of PU Vul

Ohject v B-V U-B Sp
51 HD 193706  7.84 1.64 r.oa¥ ks
SAD S8SS5  7.900 1.625 1.93
ED+21 4167 6 +5 +2
§2 WD 1938%%  8.22  -0.04 -0.46" Ao
SAQ 28572  5.200 -0.100 -0.500
BD+20 4533 +5 +10 +10
53 BD+z1 4165 9.23  0.57  -o.01%  rs
SAC S85S43  9.245  0.S20 -0.025
+5 +3 +10

Sd BD+21 4130 6.120 1.040 o.90" K1

SAQ 23433 pas} 5 1
ST BD+23 3343 7.130 0.260 0.73% G5
SAD 23417 +5 5 *1

According to Blanco, D.M., Demers, 5., Douglas, G.G., Fitzgerald, M.P.
1963, Publ. U. S. Naval Oks., 29 ser. 21.

According to the measurement carvied out at the Brno Observatory
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The results are summarized in

Takles

21 and

and displayed in Fig.

27.

The visual okservations (Fig. Z8) support the above hehaviour distin-
gquished from the photoelectric data. The large scatter of the visual obser-
vations might reflect personal and instrumental effects.

Takle Z1.

Photoelectric ohservations of PU Vul
Date 2440000 .+ v B -V -5 Ohs
2 S606 T3 +.003 O.d6S 2,010 Q.070 £.005 B
1 S60%.44 L0115 O.dé LOZ - - =3
= S61Z.40 011 G.dzz L0112 0.0Z% .01 B
7 S615.35 .00 G.d1 .01 O, O .01 B
1= S621.31 017 G.dd 02 0.07%  L00S B
7 TEdé 2L 0,313 010 2.130 010 B
17 SE10.60 - - E
1 & SSS3.54 0.40 .0z o 0.06 .04 B
27 Aug =4 5940035 i L0110 0.13 .0z E
22 Auwg Sd S3d1.50 L0110 0,03 LOT E
d = S48 00X Q.03 007 B
20 617660 010 - =3
1 &177.52 015 Q.00 E
6137 .55 010 0,04 B
4 013 0.025 E
L 005 Q.42 .02 Q.06 E
Q0% 0.430 .01S 0.0% E
+, 007 O.d1é =, 002 a.112 E
005 0.dd3  ,012 Q.0382 B
005 G.dds L0007 G.10 R
O.330 017 0.103 B
0.4&3 0. 0dd B
0,43 Q.00 =
G.dz 0,020 E
O.d52 0.001 =3
0,457 -0 .05% E
0,405 -0.013 B
O.d0g 0,088 E
GL.a0z 0,030 E
Q.41 —0.017 b=]
0.413 010 -0.,01%5 <]
0,404 009 .01z =
O.3d3 .01l 0,032 =3
0.d07 DOE 0.072 E
0, d8 L Q.0 E
©.47 O3 0.0d1 E
2,650 .00 0,470 SOl 0.012 K
&7 .01 0, dd .01 0,07 B
. Q06 Gudez  L01ld -0.01% E
<003 O.426  JGO0X —-0,027 B
.04 0.d43 .0d —0.20 E
LOZ O, dd LOX =0, 030 B
= 005 O.Z72 L0118 -0.085 E
=79 - O0F Q.3415 003 -0.077 E
S 011 ©.422 L0155 -0.130 E
=7 00 0,430 004 B
=27 010 CG.d2d 009 E
O.433 .0lo =]
0.455 L0058 -0.495 E
0,500 010 0,612 010 E
E - .03 -0.57% 004 E
7231.58 F.E50 L00S 007 —0.611 L0073 B
7IZ22.58 -1 .02 015 —0.5%0 015 E
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Tahle Z1 ( continued )

Date 2440000 .+ Y B -V - R

]
o
w

TIZE.53 F.740 010 Q.400 007 -—0.61% (012

12 Jun
14 Jun 7I23.53 F.e47 004 0.405  .005 —0.61% 005

25 Jul
13 Auyg
14 Aug
17 Aug

F.710 L01S 0,440 .0Q1S  ~0.64% 005
.00 0.420 .007 -0.825 .010
013 0.335% 015 -0.66 .01

002 G.390 0 L0100 —0.e3Z0 010

E

E

B

E

=3

E

258 Aug 01 -Q.62 .01 =]
Sep 02 02 [=5es 0= E

= Sep L0160 L0100 —0,655 L0110 B
Sep .010 = -0.81 .03 E

L Sep Mslvic] -0.71 LO2 =
act LO1E 0,700 007 E
Mowv .0ta =i . A L0 E
Apr & L0111 -Q0.737 007 E

3 .OlE -6 .02 E

SR TE70.54 .0z -0 L& O3 B
E 7627 .53 —QG.662 LOL1E =4
iz TEIE T2 - E
24 F76T.42 —a.682 .01 E
z1 7770.41 -0 &2 .01 E
1 7771.40 10,470 010 0,64 02 B
= R F776.473 10.49 W03 —0.&7 0T E
7 Sep =% TI77.36 10,40 - - B
@ = 3 1G.49 o.3E -G ES 02 E
1z = 10,43 O.40 -1, && .02 B
1= bS] 10.4% .02 - - E
13 =] 10,50 .01 LOZ 0,70 Lz =3
oy = 10.52S JG1E —GLES . O E
L R L0130 0070 .01 =8
23 = 1062 - = E
6 = 10,55 - - B
2 10,60 - - =3
17 3 10,56 - - B
% Nov 2% 7860.22 10.S56 - - B
21 Mar 30 7371 .64 1a.5320 (a0d - - )=

Takle ZZ.

Photoelectric ohsevvations of PU vul

Date 2dd7000,.+ v B~V U-B Al AR AV Ohes

—, Q=0
-0.5173

—-0.528

13 Mar 30
2 Apr 0
I May 30

31 May 0 104Z,.506

Z1 Jul %0 1033,522

Jul 30

Juxl 20

—-0.273
—0.267
1.4%51

-0 507

om0 0o

LOOR
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Fig. 27 UBV ohservations of PU Vul taken at Erne and from JD 24d796% at
Wroclaw Observatories.
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Fig. 28 Visual observations of PU Vul.
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Fig. 2% The visual observations of the remaining stars.
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a NOTE

Unfortunately, BV photometry made at the Skalnaté Pleso Observatory bet-
ween JD 2447160 ( December 1337 ) and JD 2447320 ( October 198% > is wnot co-—
rrect. We had proklems with the pulse—counting amplifier—discriminator and
with the correct value of the dead time. Therefore, the V and B values ( more
bright than about 10 - 9 mag > were shifted by 0.7 and 0.5 mag, respectively.
The U values ( weaker than this limit > were well defined. By October 193% the .
new instrument (voltage to frequency convertor) is used. Since that time ( JD
2447320 ) our UBV photometry is correct.
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