2, PHOTOMETRY OF SYMBIOTIC STARS — AN INTERNATIONAL CAMPAIGN.

I1I. Z And, EG And, R Agr, UV Aur, TX CVn, T CrB, BF Cyg, CH Cyg, CI Cyg,
vi01é& Cyg, V1329 Cyg, AG Dra, Cf@ Dra (4 Drad, N@ Gem, YY Her, Vdd3 Her,
RW Hya, SS Lep, BX Mon, RS Oph, Hen 1341 Oph, AG Peg, AX Per, HM Sge,
QW Sge (AS 3&0), FR Sct, FG Ser (AS 296), AS 289 Ser, PU Vul.

L. Hricy A. Skopal, Z. Urban
Astronomical Institute of the Slovak Academy of Sciences

059 60 Tatranska Lomnica, Czechcslovakia

A. Dapergolas
National Observatory of Athens, Astronomical Institute,
P.0. Box 20048, 113 10 Athens, Greece

D. Hanzl
N. Copernicus Observatory and Planetarium,

&16 00 EBrno, Czechoslovakia

J.E. Isles
British Astroncmical Association, Variable Star Section,

P.O. BRox 6322, Limassol, Cyprus

P. Niarchecs
Section of Astrophysics, Astronomy and Mechanics, Department of

Physics, University of Athens, 157 33 Zografos Athens, Greece
J. Papousek

Department of Theoretical Physics and Astrophysics, Masaryk University,
Kctl&rsk& 2, 611 37 Brne, Czechoslovakia

A. Pigulski

Astronomical Institute of the Wroclaw University,
Kopernika 11, S1 622 Wroclaw, Poland

Z. Veliz

Fozkvet 20237/54-43,

017 01 Povazski Bystrica, Czechoslovakia

Feceived 4 October 1990

303

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


http://adsabs.harvard.edu/abs/1991CoSka..21..303H

0, ABSTRACT. We present new photoelectric UBV, photographic and visual ohser—

L vations of 29 selected symhbiotic stars. The ohbservations were made, with a few
exceptions, in the years 1383 — 1930. The periodic light variations of UV Aur
in the V¥V colour are not related tc orbital motion, but are cornected rather
with the Mira-like pulsational activity of its cocl component. We have deter—
mined a new value of the period of about Z&£5 days for these variations. Dur
visual ohservations allow us to propose a new ephemeris for T CrB. We have oh—
served an outburst phase indication and a gradual increase in the value of the
U — B index over the whole ahkservational intevrval of BF Cyg. As for CH Cyg, we
have ohserved a deep minimum in the V colour { X %.2) followed by & rather
strong increase iwn the L-filter (by % 1.2 mag). We have accomplished the first
optical photometric detection of the orkital motion within the T2 Dra (d Dra)d
A + BC system. Owr UBV light curves for AX Per have revealed for the first
time evidence of an eclipse of the cool component hy its hot companion. The
data for PU Wul show a general decrease in all UBV colours since ahbout JD

2447000, suggesting the occurvence of & new eclipse/ohscuration 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 symhiotic stars (Hric and Sko-—
pal, 13239>. As regards CH Cyyg, UV Aur and €& Dra (4 Dra) it represents a con—
tinuation of the first paper (Skopal et al.,1330). The other 2& ohjects appear

for the first time in this series.

2. OBSERVATIONS

Photoelectric UBV ohservations were performed at the Skalnatée Pleso Ob—
servatory ( hereafter SP in the takles ), at the Ohservatory of the Astrono-
mical Institute of the Wroclaw University ( W >, at the Okservatory cf the Ma-—
saryk University in Brmo ( B ), at the N. Coperwnicus Ohservatory and Planeta-—
rium in Brwo ( B > and at the Kryonerion Station of the National Ohkservatorv
of Athens ( K .

Photographic observations were made hy Z. Veli& at his private station
near Povazrsk4 Bystrica.

. Visual ohservations were ccllected hy a group of memhevrs of the Variakble
Star Section of the British Astronomical Asscciation (J.E. Isles as the coor—
dinatovr).

The observations at the Skalnaté Pleso Ohservatory weve made with the use
of a single—channel pulse—counting photoelectriz photometer installed in  the
Cassegrain focus of the 0.4/ 7.5 m reflector. The photometer is equipped with
an EMI &235R photomultiplier. The integration +time of one measurement was
10 s. The results of the integrations as well as the time registrations were

recorded wsing a PP O1-1& computer (an IBM PC/XT compatiblel. The cheservations
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o0, were then corvected for the influence of differentiai extinction with the
L coefficients 0.55, 9.27 and 0.17 for the U, B and V colours, respectively. All
the UBV measurements were reduced to the international system.

The ohkservations carvied out at the Ohkseyrvatory of the Astronomical
Institute of the MWroclaw University were made with a ©.6 m Cassegrain
reflecting telescope equipped with a single—channel photcelectric photometer.
The electronics consisted of an uncooled EMI &25£E photomultiplier, 10Q  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 diffevential extinction with the
extinction coefficients determined for each night separately. When this was
not possible, average extinction coefficients (&.70, O.dd, and 0.Z& for the U,
B and V, respectively? were used. The measurements were reduced to the
international system.

The ohservations at the Ohservatory of the Masaryk University in  Brno
were made with & 0.6 m Newton reflector egquipped with & single—chanmel
analag—recording photometer.

The obsevrvations carried out at the N. Copernicus Ohservatory and Plane-—
tarium in Brno were made with & 0.4 m Nasmyth telescope eguipped with & sing—
le—charmel pulse—counting photoelectric photometer.

The ohservations at the Kryonmerion Station were made using a 1.2/ 1S5.4m
Cassegrain reflector eguipped with a ftwo—heam multi-mode photometer and the

wass—hand filters used are in close accordance with the standard YU, &, ¥

o

olour system. ( The details for this phctometer can be found in @ Goudis and

colo
Meaburn, 1373, and for the telescope in: Contopoulos and Bancs, 19765, The U

=]

ksevvations are of lower guality than the V and B ones.
The photographic ohkservations at the station near the city of Povazska

ystrica were performed using panchromatic emulsions { format 135 - F6 3 Black

w

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

ohjective. The ohsevrvations cover the spectral region from 400 to 700 nm.
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Fig. 1 Relative spectral sensitivity of the UBV system and our photographic

receptor.
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o0, A panchromar G3I wide—kand filter was used on 1930 Aug 25. Thece filter ohser—
fﬂ vations cover the spectral region from SO0 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 2d40/1440 mm  guiding
reflector. All the negatives were measured on a doukle—heam microdensitometer.

The visual ohservations reported in this paper consist of 2877 visual

magnitude estimates of 22 symbiotic stars in the years 1933 and 1929,

Z. RESLLTS

The results for all 27 ohjects are sumarized in tables and depicted in
figures. The stars for which new interesting results were ohtained are discus—

sed bhelow individually.

a/ 7 And
This star was ohserved on Z nights of 19%0 Jul 23 and 27. S1: HD
(V = 5.30, B - v = U - & = -0.1%, B3), 32: SA0 S31%0 m o= 2.9, mpﬂ =
g
F.1) and 83: SAO0 SE13Z m o= 2.6, Mg = 10.13 weve used as standard stars. The
G
results are in Tahle !, the visual chservations are displayed in Fig. 2.
Takle L.
Photoelectric ohservations of 7 And
Date 2447000, + v -y [RES= Al AR oAV ks
23 Jul 30 1095.%543 10,773 4,504 -4 .Z04 W
27 Jul 30 1100.4%1 2837 -2.1d47  -1.140 W
¥ Z And - SZ (A U, AB, & VY respectivelyr, + 51 — EZ, # €2 - =3
m - T T L I' T I._ lo.. ‘l .. 1 Ll T L} T T
11.0 | |Z Anld ST R T ] 1 I | ] ! ) S .
JD 2447000.+ 300 400 500 600 700 800

Fig. 2 Visual ckservatiows of Z And.
k/ EG &nd

The photoelectric observations were carvied osut on & nights during 1929

Nov (T nightsy and on 1972 Jul Z2. The stars Si1: HD 4143 (mv = B.4,

AT

10.0; M)y, 52: HD 3914 (V = 7.00, B - V¥V = 0.44) and 33: HD 4322 (¥ =
B -V = 0.47, F3) were used as standard stars. The average values of &1 - &%

were determined:

U= d.640 + 0,015 (from 5 nights, without 1 Nov 147,

o

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

VvV =

-

563 + 0.00&6 (from S nights).
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Fig.
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Z. Our

riations in

descriked in
the U-filter

(0.1% mag) on 3

okservations are not in

contradiction

the literature.

We have ohkserved

The results are compiled in Takle Z and are included in the

data

taken

the characteristics

rather

17 - 20

nights of 1329 Neov

large light

PELE N

from
the literature (Skopal et al.,in press and references therein) and depicted in
with cf
va—

These ave

prokakly caused hy the differences of the hrightrneses of the star measured on
the individual nights, mainly in the U-filter.
Takle Z.
Photoelectric ohservations of EG And
Date 2447000 .+ At AR ALY AR AY Ohes
1d MNov 2% Sdd. 553 T.006  1.Z276 Q.l?d* 4,476 Z.663 5P
0.707 0.563 sP
17 Nowv I.04z
17 Nov &% F.031
17 Nov &% I.0d45 4.610 1.55& =i
Q. A0S . 5d9 =t
Mowv
Nowv
Nowv 2
Nawv z Q. 8
Nov & el G. 100 1.552 =P
C.Sd4$ 3P
18 Now 373 2
12 Nov z %
13 Noy = 2 1.5525 3P
0, 5da 3F
13 MNov = Z0 z
20 Naov =3 251,313 2 1LEET, 3P
0,546 g5p
22 Jul 30 1100.505%  ~1.&% 1,533 W
¥ EG And — 52, + EG And
m | I N RN E AR IR RDNE BN A B N B | m 1T
i EG And : 1 t-2f8B LT B
2.8 F AU . '.‘ ] - e "_ - . ., e ..,
N Lo _ A P LEE A
. ' . - o . 1.4 . . .
3.0 [ 8Ll : . . -
B o 4 00fav . >
J1. B R IR - . N . S
3.2 F -0 cev; 4 ot e .~ ‘..- |, RN
| L] " | 0.2 F . S, ‘ ..
PR T S T N S T T A S ' N TN TN NN NN TR NN N (RN (NN SO (N SO |
0.0 0.5 phase 0.0 0.5 phase
Fig. % UBV ohkservations of EG And:. - data from literature, s =~ ohservations
from the Skalnate Plesoc Ohkservatory, o - ohservations from the
Wroclaw Dhservatory. Phase was derived from ephemeris: JDmin =
2a46336.7 + 421.7 % E (Skopal et &l., 1333).
The wvisual okservations iwndicate 1light wvariations hkelween 7th and
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1N
£y
T
1Ty
ﬁl
1
HI
pﬂ Ethmag, although a minimum between JD IZdd7300 and JD 2447400 (Fig. 4> lies
Eﬂ gquite near the minimum devived from the photoelectric I light curve: JDmin =
2446336.7 + 421.7 »x E (Skopal et al., 1732). New chservationse should confirm
it is real.
m 1 1 T 1 I R 1 1 1 1 1 T T T ¥
7.5 b - : ’ '
EG And 5"
L 1 1 Il | Il 1 1 1 1 1 1 1
JD 2447000.+ 300 400 500 600 700 800
Fig. 4 Visual observations of EG And.
c/F Agr
The visual ohservations show wnormal Mira—-like variations (Fig. SX. Two
maxima were ohserved on 17 act 13 (JD 2447443, mag = 7.0)  and
(2347330, mag = &.7). These were delayed with respect to the AAVED ephemerid
By 17 and 13 days, respectively. Minima over 10.5 mag were unchserved due to
twilight.
m i T T 1 1 i . 1 T 1 T U T T o J
i R Agr L T
8.0 [ . : . 1
9.0 k : 1
10.0 | ) e J
| ] ] L ! ] L L L L L 1 L
JD 2447000.+ 300 400 500 600 700 800
Fig. 5 Visual obsevrvations of R Agv.
d/U¢ Aur
The photoelectric okservations of this star were chtained on 12 nights
between 193% Nov 17 and 1930 cep 13. The stars ES1: HD 242210 (V = 1G.7,
B-Vv=0.28, U-F=-0.23, B%), 82: SAQ 57310 (m = 2.2, mti = 3.3, & ) and
v X
4 8F: SAQ S7337 (mv = 2.7, mpﬂ = 3.2, KEO) were used as comparisons. Unfortunate—
]

ly almost all the photoelectric ohsevvations (except that of 19350 Zep 12> are
concentrated arvound the minimum of hrightrness of the variahle. As we have
already shown in Paper I of this series (Skopal et al., 1930}, the Lkrightness
changes are most pronounced iw the V colour. For this particular rexson, it
has proved to ke vevy fruitful toc ohserve 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 ke very important to carry cout  such
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= ohservations at several ohservatories. The results are compiled in Tabkle I and
L depicted in Fig. &.
Table Z.

Photoelectric okservations of UV Aur

Date 2447000.+ AU AR AV Al AR AV Ohs
17 Nov 8%  ©d43.490  0.51% 50
18 Nov 2%  S49.4%%  0.467 50
12 Naov =7 250,406 O.453 SP
= 0,360 5P

sP

sP

5P

—0.0%7 : g0

* =0, 0dé -1.&16$ SP

~0.013 —0.577 5P

1.22% 0.3365 0.212 0.174 -0.357% E

550 1.268  1.109) B

1.135 1.255% 71 0.161 -0.440 5

. 3% 1.201  1.551 &

1% Sep 90 1152.575 —0.33d4 —0.433 -2.270 se

# UV Aur — SZ, % W Aur - S1, & UV Aur - 83, % 52 - §3, + 81 - §3, @ S1-Sz

The photographic observations were taken on 17 mights Letween 1927 Fek 10
and 1930 Aug Z5. A total of 13 stars were selected as comparisons (together
with 3 staﬁdafd stars from the photoelectric photometry>. The relevant UBV and
photagraphic magnitudes together with the visual ones were adopted from Blanco
et al. (198> and the SAD Star Catalogue (1%&&), rvespectively. The data for

&1l the compariszon stars —an ke found in Table 4. The results from the photo—

Takle 4.

Comparison stars used for photografic pheotometry of LIV Aur

=T ! - A —3, T— Sy
No Star X 5e0.0 SizE0.0 mpg m, v B-Y L-R =p
1 san 5775 o=tos"saSzsy  3ztis 27,47 9. 2.1 0.04 FZ
z SAD 0% 14 S3I.SES 33 1% 17.00 4.3 1.27 KO
: =31
3 SA0 57534 0S5 1S 42.409 33 41 S0.2S3 S.4 AQ
4 SAD S7I06 OS5 16 42.951 33 S4 27.90 .2 S.03 AS
4.9%
s.0d
S.07
S SAQ 5SS 27.779 33 S4 18.05 7.7 7.1 7.4d BO
& SAD Za.128  Za 29 Z.4 =.5 2.04 EO
7 sSao 14.716 31 2t 3.0 3.65 Ea
% BAC0 SE20S1 T4 24 S5.0% 0
S.06
=.07
3 SAD S2048 05 24 1&6.534  Id 47 S1.44d a =S EO
X%

10 SAD SS0Zx 0S5 23 29.931 20 59.08 s.3 e AO
S1 HD 242210 05 18 27.0 © 52 01.0 7 B
Z SAO S7340 OS 2.z 20 2d.4 7.3 A
S3 SAD 57937 05 182 19.& 1% 51.Z2 9.3 KO
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0, graphic measurements are compiled in Takle S and depicted in Fig. &. The
L observed light curve of UV 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 (1785, 1322) and
not to the orbital motion as claiﬁéd hy Garcia and Kenyon (1922 on the hbasis
of the radial velocity curve. Our UBV and photographic meé;urements demonsira—

te that the variations are conmected with the pulsations of the <ceoocl compo-—

rent.
Takle 5.
Photographic okservatione of UV Aur
Date 2447000.+ mag ASA Date 2447000.+ mayg ASA
10 Feh &% S 10,05 200 Zd Qct 33 224,431 .82 400
10 Feh 89 b 10.07 200 Nov &9 2.51 400
12 Feh 5% Sé& 10.34 200 Dec &% .32 400
3 Mar =9 590 10.53 200 Fek 20 10.01 400
5 Mar 39 521.341 10.23% 200 Febh 3G FA0,.26% 10,11 400
2& Mar 29 =% ) F.71  Z00 Fek 20 2d0.282  10.19 400
26 Mar 99 .73 200 Feh 20 245,275 10.13 400
31 Mar 29 &17.310 10.15 200 2 Fek 20 245,287 10.31 400
7 Apr 33 624.330 10.11 200 13 Mar 30 FEA.2FF . F.FF 400
2 Bep =9 771.558 2.05 400 19 Mar 0 I70.31& F.IS 400
Z Sep &% 771,571 2.3 400 2% Aug 0 1122.547 7.2 200
2 Sep =7 771.58% 2.0% 400 25 Aug 0 11Z3.561 7.87 200/f
2d Sep 5% 734 . a4 .03 400 25 Aug 0 1123.57S 2,25 200/
S Oct 29 204,467 2.237 400
T T T T T T
m H
8.0 |7 8 o
o o °
v
UV Aur
o
9.0 .
o
w
°
8 v vy
v o° -
10.0 | Y 8 o v
. o
v o
v vo 9 "
° .
* * 'oo .
11.0 } < F e & .
1 | 1 1 ! 1
JD 2447000.+ 700 800 900 1000 1100
Fig. & . 4, 0 (V 5 A} photeelectric B (V) ohkservations from Skalnaté

Plesa, Brno,respectively and o photographic ebservations of LV Aur.

The wvisual ohservations were not continuous but are consistent with Mira-

like variakility. Minimum (mag = 10.3:) occured on 1332 Feh 12 (JD 24472102,
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= maximum (S.d:) on 1¥33 Jul 7@ (JD Z¢ ohservations represent the

L combined magnitude of UV Aur mag companion. The visual

ghservations are depicted in Fig. 7.

mo . ]
9.0 UV Aur . .. i
10.0 [.* ’ 7

JD 2447000.+300 400 500 600 700 800

Fig. 7 Visual chservations of UV Aur.

By combining photoelectric, photographic and visual ohservations we wers
able to distinguish 3 cycles of hrightness variations. Bacsed on the determina-—
tion of the times of minima <JD 2447215, JD 2447580 and JD 2447945 3, a new
value for the period of long—term krightress variations of LWV Aur was determi—

ned (about I&5 days>. It is considerably shorter thanm the previously published

period of about 334 days. A detailed period analysis will appear elsewhere.

e/ TX CWin

Tabkls Za.

Fhotgoelectric ohservations of TX Cun

Date ZAg T 00+ v BV =g At AR Y Dhes
13 Mar 20 0.d13  —0.167 Q.26 0127 2. 731 =]
0,471 =0.25% 0,700 <3

17 Mar 90 0.d41Z  —0.131 0.Z34 0.1d41 0,177 E
Q.673 —0.272 -0.743 B

12 Mar 30 [ ) 0.136 0,101 0,177 W
.16 —0.248 —1.072 W

O.S62 Q.073  0.15% W

e E 0,582 0,0%2 0.163 W
z 1 0,5&d 0,035 O.16d W
15 1 3 —0.217 —1.0378 8P
12 i a3 —0,205 —1.03% =t
1& 1 0,031 W
zz 1 -0, 052 0,100 W
i) 1 Q053 0,130 W
W

P00 1100366 7. 261 0,591 -G.061 W

Q.262 -0,.327% W

¥ §t - 52, + S§% - 52, # 53 - 51

The photoelectric photometry of TX C¥n was carried out on 11 nights

hetweern 1990 Mar 13 and Jul 2Z7. The stars S1: SAD &3223 (V= 9.34, B - V =
U - B = 0.03, FOS), SZ: BAD &£318% (_mv = Z.d, mp; = 9.4, FE) and S3: ESAD
(mv = S.0, mpg = 3 were used as standards. The results are summa-—

rired in Takle &a, k. The data obtained at the Erno Observatory display a lar-
ge scatter. Its reality, however, is vather problematic. Except for this, =2
ight decrease of the star's brightness in all ‘three colours has been

1
okserved. The visual okservations are shown in Fig. 3.
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o0, Takle &k.
L Two choosen nights of UBY ohservations of TX CVUn carvied out at the

Kryonerion Observatory on March 2d4./ 25. and 22./ 2%., 1930

2447375, + v E-V UK 244737% .+  V B-V U-E
5031 F.2R7  1.2d4  -0.Z2Z7 L4324 F.d24 1,109 0.130
5152 9.295 1.114 -0.17& 7N 2,372 1.14% 0.0%d
.St19z 3,323 -0, 152 F.442 1.092 0,115
5237 2.337 —-0.180 F.484  1.070 0.001
LS292 & —0.204 F.44% 1.1d46 -0.123
.S5339 = -0.252 2.291 1.170 0,006
.S520 -0.21%2 3,365 1.102 0.043
L5605 -0.22 3.35 1.17& 0.0a%

- 3832 -0.124 L53EE %.380  1.225  -0.026
5873 -0.25 .5431 .37 1.25d4 —0.045
.5924 -0.133 LSEE3 2.383  1.25% -0.123
L5970 -0, 240 SREE %.371 1.3252 -0.159
L6006 R -0,027 .S661 2.332 1.170 -0.047
L6047 9.342 1.030 0.011 L5705 9.320 1.1&2  0.03Z
m ) T A ‘l 'l. . ohe . L L T N T . o I' L} T .l T
10.0F 71X cvn R . ]
L Il 1 L 1 Il 1 1 1 1 1 L 1 1
JD 2447000.+300 400 500 600 700 800

Fig. 3 Visual okservations of TX CUn.
f/ T CrB

T CrB was observed photcelectrically on 7 nights in the 1990 Mar 12 - Jul
27 interval. Three standard stars were used: Sl: HD 142%2% (V = 2,41, B - ¥ =
0.51, U - B = 0.03, F2V)>, SZ: HD 143313 (V¥ = .33, B - V = 1.00, U - B = 0.72,
KZV) and S3: HD 143455 = BD +25° 3009. The values for €1 - SZ slightly wvaried
in all three filters. The differential magnitudes of S1 — S3 do not manifest

any variations. This indicates that the star 82 is prohably variabkle. T CrB

changed its brightrness 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 of the ellipscidal variations (may
10.2 = 10.3) in 1932 Mar, Jul, GOct, minima (10.4 - 10Q.&63 in 1922 May, Sep,
1939 Jan, May, Aug, Nov. When compared with the elements given by Peel (13303,
who used an orkital pericd of 227.53 days, the estimated mean O - C values are
as follows: Min I +% days, Max I +& days, Min II +1d days, Max II +Zdays
(where we have used calculated phasec of ©.25, 0.5 and 0.75 for Max I, Min II,
Max II, respectively). When compared with the elements derived on the hasis of
the earlier BAA results (Isles, 1374), which imply an orhkital period of 2Z27.3
days, the mean O — C is zero. The following elements fit all the availahle BAA
data from 1356, since when our ohservations have heen continuous:

JD (Min I> = 2435571 + 2Z27.2 x E.

The visual okservations of T CrEB are depicted in Fig 9. This character of va-

N
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riations is

Takle 7.

supported by the photoelectric ohservations.

Photoelectric observations of T CrB

Date 2437000 .+ v B-V U-B Aty AR AV Ohbs
12 Mar 30 6T . AT 1.451 0.&68 —-1.023 -Q.29Z2 0.1?2: W
2 May 0 1014.460 1.347 0.3%0 -0.770 -0.246 0.242 W
30 May 30 10d4Z.412 1.3%2 0.d416 -1.011 -0.26% 0,230 W
15 Jul 30 t . 400 1.322 0.257 -1.006 -0.266 0, 32* W
—Z.108  -0.360 0.62d4 W
16 Jul 30 108%.,40% 10.277 1.262 0.132 —-0.310 O.EOd* W
—0.368 0.612 W
22 Jul 30 1093.403 10.277 1.212 0.007 —0.208 6.256* W
—0.361 0.616 W
27 Jul 30 1100.334 10.326 1,352 0.304 -1.032 -0.229 0.1?7* W
. —2.037 -0.374 0.61Z W
+ 51 - SZ, ¥ 81 - 83
m T T T T T T T T
10.5 . c R -
1.0 F 1 crp
1 1 1 1 1 1 1 A 1 1 1 L L
JD 2447000.+300 400 500 600 700 800
Fig. 2 Visual chsevrvations of T CrE
g/ BF Cyg
The photcelectric observations of BF Cyg were obtained on 13 nights
Takle 2.
Phctoelectric obhservations of BF Cyg
Date 2447000+ W B-V LU-R ALt AR AV Ohs
Moy
Dec
# Dec ¢
= Jan % z
: Mar 2.56&; W
Apr 2.552* W
Z May 3 2.561* W
May 3 0,445 2.557* W
w Jul 30 3.373 Z2.574 W
Jul =20 X gP
Jul 30 : 2.5961 W
I Jul =0 2 SP
1 Jul 3] F.6 sP
26 Jul 20 3.7 ¥ SP
27 Jul 32 1100.432 3,753 0,420 -0.662 d4.50% 3,275 2,554 W
S Aug 0 1108.552  2.70Z 0.405%  —0.8S EP
25 Aug 90 11z2.550 3.773 G.401 =0, se
26 Aug F0  1129.505 9.743 0.410 —0Q.66& SP
31 Aug 90 1135.328 7.320 0,34% -0,751 SpP
¥ Sz - 51
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o0, hetweewn 1937 Nov 27 and 1730 Aug 31. The neighbouring stars S1: HD 133650 (V =
fﬂ 6.9, B -V = 0.71, U - B =1.7) were used as the coemparison and the check,
respectively. The results are sumarized in Takle & and displayed in Fig. 10,
our data indicate an outburst phase for BF Cyg in the 1929 Nov - Dec period.
According to our observations, the magnitude V = U during this period,
although the cool component of this symbiotic hinary is a MS III giant (Kenyon
and Fernandez-Castro, 1987). The outburst phase has heen confirmed Ly visual
magnitude estimates (Green, 193%) and by our data (7.9) from 1923 Nov. The
value of the U - B index has heen increasing up to our most recent chserva-—
tioms of 1990 Aug 31 (Fig. 7). The values of the B — V colour index and the V
magnitude itself were more or less constant or varied irregularly around ©.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. 10. They indicate a minimum

near mag = 11.6 in 1988 May - Dec and an outburst at mag = 2.9 in 1939 Nov.

m T T T
BF C
9.6 [ v o yg LY T
I L L] ° s ..a -
° a -
9.8 | .
o, .
" . o, °
B B-V ° LI ] L] a a° 9 -
°
- -
0o @
-0.6 | Sgp i
- a -
a
°
-0.4 | ° 1
u-B
%
-0.2 L ®eo -
i - [} L
JD 2447000.+ 1000 1100

Fig. 10 UBV ohservations of BF Cyg: o Skalnaté Pleso, o Wroclaw Okservatories.

10.5 |

1.5} e .

JD 2447000.+300 400 500 600 700 800

Fig. 11 Visual okservations of BF Cyg.
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h h/ CH Cyg

This star was ohserved photoelectrically ori 37 nights between 1939 Oct =4
and 1930 Aug 31. The stars G1: HD 1234734 (V¥ = 5,91, B - V = 1.62, U - EB =
1.74, M2 », 8Z2: SA0 45428 ( m = 2.0, mpg = &.&, F2 » and E£3Z: HD 123691 ( V =
£.525, B-V = -0.072, U-B = -0.240 > were used as comparisons. However, S1 ex—

Takle 3.

Photoelectric ohservations of CH Cyg

Date 2447000.+  V B-V U-E AU AR AV Ohs
L10T 1.671 0,783 se

«AEE 1.402  0.4z24 cp

LS00 1.442  0.49% ao

L4728 1.395  0.dZ6 sp

425 0,262 5P

. 435 ©.397 SP

2.475 0.630 gp

5.39% 0.373 sp

2,334 0.261 —0.409 5P

7.934 1.023 -0.469 sP

g.211 0.%69 —0.547 « ©SP

: 0.677 -0.561 sp

0,265 o7 ¥ ap

Q.300 + W
$6%.610 0,422 W
F70.617 ”: sP

; Ty SP
. gp
5 Lo

e +

1] .- 1.2303 + W
3G JSFA 0 1.791 N W
k1 .00 1,214 . W

30 = 1.71& - f sp
N 30 1,817 0.450 Toow
- 30 1,514 0.ddS 7w
0 1.622 —0.0d6 Tou
30 1.64% 0,053 Tow
30 1014.520 1.617 -0.104 Toow
30 101d.5d6e -0.089 M

0 1031 .526 -0.171 - . SP
30 104Z.393 -0.4%% 0 W
90 z -0, 466 o, W
30 0 F.116  1.327 -0.ded 3 W

0 F.028  1.265 —0.250 - F  gp
0 = 1.409 —0.,060 SP
0 1,202 —-0.274 —0.51% 1.206 ¥ gp
20 1.215 —0.235 —0.5%1 1.15% ¥ ogp
50 1.177 —0.340 f sp
20 —0.511 W
30 ~0.5a0 1.8287 W
30 —0.d19 z.4az2%  gp
30 —0.427 z.aze’  se
0 1.843,
30 1100.537 18400 W
30 1101.537 z.417)  sP
90 1106&.554 1840 W
50 1106.565 1,848, W

20 1129.543 Z.31dy 5P

20 1135.375 z.a423° 5P

+
ul
bl

i
1]
il
»

Sz - 81
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X

hikited light variations of Auma>
+0.0% mag (Takle ). Therefore, it
The U and V light curves of CH Cyg

carmmot

brightness variatiows in all three

the whole observational period. The greatest brightness change

Q.1 mag,
be used as a

are shown

X

Mmax

AR
iz.

in Fig.

by

0. 08mayg and AV
standard star

The strong and

~
X

max
anymore.

rapid

filters were characteristic for CH Cyg over

akbout 1.8

mag was observed in the U colour from mid-March (11.0) to August 1930 (3% s
as in the summer of 1923. The V brightness decreased at a rather regular rate
of about 0.6 mag / 100 days. It reached two minima wnear V = 2.2 at the
begirming of 1920 March and in 1990 May.

A total of ¥53 visual magnitude estimates of CH Cyg were obtained during
the years 1982 - 1389 (Fig. 13Z). They indicate a steady decrease in the star s
brightness from 7.2 in 1338 Jan to %.2 in Jun, when the star was fainter than
when previously seen. Subsequent oscillations with maxima of 7.7 - S.& and

o T

minima of 2.3

variations in the red giant component.

= 7.0 in a cycle of 100 days are prohakly due to the semiregular

m I 1 I I I 1 1 | I I I I I
R CHCyg ’
P s
- . : :
.o | Vo A S ]
. . 3 e,
. . °
HI " . . ¢ .
: T &
g ' A L
. o o™ °
9.0 | D A
' PR 2o .
3 . &
’ : . .f: § o
0.0 b °° ‘ s " 4
u o A - .
et ‘. - ‘o, *
' J{‘b . ‘ '1 fq
11.0 | .. R -
L | I | 1 | L L | l 1 | -
JD 2447000.+200 400 600 eoo 1000
Fig. 12 U and V light curves of CH Cyg: o data from the literature, o oh-
. servations from Skalnate Plesc and o Wroclaw okservatories.
m T Ll L] 1 L} T T
2 CH Cyg
8.0 hi%
9.0 i -t ::.5'::’.".?:::::.'- .
-l 1 L L L
JD 2447000.+300 500
Fig. 13 Visual ohservations of CH Cyyg.
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o i/ CI Cyg

The star was observed photoelectrically on S5 nights between 1390 Apr 2
and Jul 27. The étars S1: SAD 63948 (V = 5.55, B - vV = -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 brightness
in the range of 10.& — 10.8 and was near 12 in the I} and B filters during this
period. The results are summarized in Tabkle 10.

As for the visual observations (Fig. 1d4), we can see only minor
variations around mag 11.0 until 1937 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 1927 Dct 23 followed.

Tahle 10.

Photoelectric obkservations of CI Cyg

Date 2447000 .+ v B-V U-E Al AR AV Ohs
2 Apr 0 FEE.583 10.674 1.438 Q.03 —-2.67% -2.271 W
Z May 0 1014.534 10,317 1.345 -0.103 —2.6%4 -2.232 W
30 May 0 1042.432 10.532 1.39% -0.10% —-Z.636 -Z.260 X W
22 Jul 20 1035.506 10.643 1.350 -0.133 —Z.6d42 -Z.263 2354 W
27 Jul 30 1100.443 10.646 1.3461 -0.165 -2.6%1 —-2.2391 -1.344 W
¥ S1 - 82

12.0 S

JD 2447000.+300 400 500 600 700 800

Fig. 14 Visual observations of CI Cyg.

i/ V¥1016 Cyg

Only one measurement was made on 1930 Jul Z3. The stars Si: HD 133326
(V = 7.5, B -V =0.78, U - B = 0,35, G& and SZ: SAD 45936 {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 ohservations of V1016 Cyg

Date 2447000 .+ v B-V U-B AU AR AV Ohks
28 Jul 90 1100.556 11.282 O0.180 -0,62% -1.435 -1.732 —2.003* W
¥ St - 82
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Fig. 15 Visual okservations of V1014 Cyyg.
k/ V1329 Cyg
The star was observed photoelectrically on I nights hetween 1922 Eep Z&
and 1932 Sep 30. The stars 82, 54 and 55 were used as comparisons (the

relevant data for these stars can be found in Takle 1Z and is depicted in Fig.

1&). The ohservations (Takle 13) were made shortly after the maximum of the
stars brightness. The V magnitudes are depicted together with the visual
okservations in Fig. 17.
Table 12.
o
Comparison stars for V1323 Cyg ° o
No  Star v BV U ° ° °
1  BD+3S 4234 10.16 1.07 & ° .
2z EBD+35 4290 10.34  1.07 0.88 @ o
3 11,06 1.22 1.11 o8 2
a 11.61 1.39 1.49 oS
5 12,28 1.11  1.29 . D
o °
& 13.57 0.&82 . o N
7 13.46 1.02
= B = 15.% Fig. 1& The identification chart for
ki B = 16.2 V1327 Cyyg
Takle 13
Photoelectric observations of V1327 Cyg
Date 2447000, + Al AR AV Al AR AV Ohs
26 Sep 83 d31.320 0.6% 1.3&: -0.46 ~-0.55 4
26 Sep 23 431.353 ~-1.6 Q.24 2] ;3@ + 4
23 Sep 82 d33.270 1.1 Z2.28 2.6?$ -Z. -Z.06 —1.82* 4
0.65 I.Sd& -2.2 -1.&3 -1.34 b
-1.2 0.21 O.S7@ . K
30 Sep =3 a35.320 1.2 Z2.29 2.71& -z.d -Z.06 -1.3d 4
-1.2 0.227 0.8% S
$ VIZ27 Cyg — Sd4, & V1329 Cyg — S5, @ VIZZ7 Cyg — 52
X 5S4 - 55, + 52 - 85, # 52 - S4
ml’lll'!llllllll
13.0 1 V1329 Cyg .
BS[oL
JD 2447000.+300 400 500 600 700 800
Fig. 17 » — V magnitudes and . — viswal okservations of V13Z¥ Cyg.
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o, 1/ AG Dra

The photoelectric observations were obtained on & mights between 1990 Mar
1% and Jul 27. The stars S1: SAO 16352 = BD +67° 925 (v = .88, B - Vv = 0.56,
U - BB =-0.0d4, GO) and SZ: SAQD 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 akout F¥.3. The results are sumarized in Takle 1d.

The visual observations are displayed in Fig. 1E.

.
Takle i4.
Photoelectric observations of AG Dra
Date 2447000, + Y B~V u-B au AB AV Obs
13 Mar 30 69,505 9.80% 1.455 0.733 -2.363 -0.530 0.416: W
2 Apr 30 233.634 F.300 1.410 0.82% -2.374 -0.516 0.385x W
2 May 70 1014.402 .77 1.426 0,307 -2.271 -0.546 0.3'96x W
30 May 90 1042.440 F.306 1.423 0.71% -2.442 -0Q.540 O.Z?Sx W
15 Jul 0 1032.334 F.327  1.435 0.6d46 -2.232 -0.54%9 0.387’ W
27 Jul 90 1100.37%6 F.371 1.432 0.636 -2.270 -0.433 0.416 W
x 81 - 82
m T T T T T T 1 T T T T Te T T
AG Dra - » « e e ot ettt et DT ]
10,0 feeem%e o b 200 0 I s e e e KA EENECF SN
10.5 ' . _
L 1 — — 1 I 1 1 L 1 1 1 1 L
JD 2447000.+300 400 500 600 700 800

Fig. 12 Visual ohbhservations of AG Dra
m/ C Dra (4 Dra)

In addition to our first 10 observational rums of this unigque symbiotic-
like/cataclysmic triple system, presented and briefly discussed in Paper I of
this series (Bkopal et al., 1730), we have chtained 3& more runs on 35 nights

betweern 1723 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 tos late to hLe
included in that earlier paper. Their inclusion, however, affects the
discussion presented in Paper I as far as the comparison of the 19%% Aug - Sep
"mini-flare" between the individual filters is cecncerned. Table 15 contains
the mean differences in the U}, B and V colours between 4 Dra and our main
standard star, & Dra, for the individual runs. As can easily be seen in
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 monitoring 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 about 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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o0, slope of the decline in U and B changes at about JD 2dd7950 when it leyels out
P and then turns into a rise after about JD 2447330. It seems that the slaope of
the rise is much steeper than that of the decline although, given the occur-
rence of an irregular variability during the decline, this particular point
has to be verified by further data. The light cu;ves in all three filters
exhibit an irregular variabilfty on a time scale of weeks with an amplitude of
up to 0.15 mag. As for this mode of wvariakility, there exists a general
morphological similarity hetween ali three filters. The data show that,
towards the end of the decline and during levelling out and rise, the level of
the irregular activity of the sfar on & time scale of weeks is rather low. Tiee
U and (less apparently) B light curves are well correlated with the radial-
velocity-based 1703-day orhital ephemeris for the CQ Dra (4 Dra) system given
by Reimers et al. (1988). The time span of our observations ccrresponds to the
phase interval 0.777 - 0.106 of their ephemeris. As we have already discussed
in a conference paper to appear in these Contributions, on the basis of a more
limited observational material obtained up to 1930 Apr 1 (Urkan and Hrig,
1990), the data lead us to the conclusion that we have accomplished the first
optical photometric detection of the orhkital motion within the CO Dra (4 Dra)
A +BC system. Jur new more numerous observational material fully supports
this earlier conclusion (see Fig.19). The evidence for the presence of rapid
(hours) variations in C& Dvra, kest pronourced in the U celour, is now stronger

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

] I |
m . . ¢ ®
.o . . '. \ ...". . .
'.& o‘. LY V
0.2k o ° ° % -
°%' ? P °
@ °‘8 °°fg °°e$s
° B
-0.6 = -
4 Dra
¢ o Y 8 o
e . - U
-1.0 . . . -
L_ ° o §. * . :“
at ter ot
i ] |
JD 2447000.+ 750 950 1150

Fig. 1% URV okservations of CQ Dra (4 Draj.
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(2l definitely (see Urban and Hric, 1930). A full scale detailed analysis of our
L UBV photometry of CR& Dra (4 Drad is now underway and the results will appear

elsewhere.

Takle 1%5.

Photoelectric observations of C& Dra (4 Draj).

Date 2447000.+ AU AR AV Obs
1 Sep &% 771.4d1 0.326 0.193  0.115 sp
1% Sep &9 787.594 0.936  0.31d  0O.11% sp
1% Nov 9 S43.606 0.7d4%  0.25% -0.042 sp
19 Nov 59 £4%.613  0.972 0.Z64 —0.040 sp
I Dec &% S64.411  1.033 0.3%0  0.093 sP
2% Dec &9  828.671 1.077 0.37%  0.086 sp
2% Dec &% 88%.643 1.07%  0.370 0.082 5P
I0 Dec 99 £90.667  1.090  0.377  0.092 5P
31 Deéc &% 891.634  1.087  0.387 0.093 5P
& Jan 0 F00.43%  0.952 - 0.131 sp
1% Jan %0  905.400 1.04% 0.341  0.05& sp
14 Jan 90  905.612  1.063 Q.3d6  0.056 sP
7 Feh 90  929.509 1.010 0.293 -0.005 spP
2 Feh 0  930.540 1.001  0.287 -0.001 gp
14 Febh %0  936.546 1.011  0.31d  0.030 sp
1% Feh 30  940.578  1.042  0.3d7  0.060 sp
20 Feh 90  942.537 1.041  0.379 0.091 sp
2 Mar 30 952.527  1.07%  0.387  0.095 5P
17 Mar 90  962.495 1.01S5  0.346  0.055 sP
19 Mar 90  970.497 1.024 0.34%F 0.054 sp
24 Mar 90  975.450  1.030  0.32%  0.039 cp
{ Apr 90  982.555  1.072Z O.3IS1  0.068 5P
1 Apr 90 983.454  1.0%0  0.3£4  0.077 5P
19 May 90 1031.428 1.080 0.372 0.085 5P
3 Jun 90 1052.4%2  1.02%  0.357  0.07Z sp
0 Jun 90 1073.405 1.057  0.350  0.050 SP
11 Jul 90 1024.423  1.004  0.330 0.055 5P
12 Jul 0 1085.4d40 1.022  0.341  0.04% gp
2T Jul 90 1095.534  0.991  0.34%  ©0.082 sp
27 Jul S0 10%6.4d42  0.933 0.342Z  0.063 5p
5 Iul 90 1097.537 0.961  0.3dd  0.07Z 5P
23 Jul %0 1101.370  0.9%  0.337  0.051 sp
4 Aug 90 1102.495  0.903  0.272  0.025 sP
25 Aug 0 1128.5%2  0.317  0.307 0.064 5P
26 Aug YO0 1129.589 0.817  0.320  0.063 sp
3 Sep %0 1158.3d5  0.828 0.300  0.04% 5P

n/ YY Her

Only one photoelectric measurement was obtained on 1990 Mar 1Z2. The stars

St: HD 167133 (V = 6.13, B -V = 1.47, U - B = 1.72, Kd4 III) and S2Z: SA0 25337
CmV = Z.6, mpg = 9.3, KO) were used as comparisons. The result can be found in
Table 1&.

The visual observations are shown in Fig. Z20.
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0, Takle 16.
E: Photoelectric ohservation of YY Her
Date 2447000, + V B-V U-B Al AR AV Obs
17 Mar 20 F6F.551  12.826 1.3%7 -0.249 ~1.604 -2.014 —2.231* W
¥ 81 - 82
m T Al T T T . T
13.0 F YY Her .. " L. b
1 ke s L 1 1
JD 2447000.+30 400
Fig. 20 Visual okservations of YY Her.
o/ Vad43 Her
Again, only one photoelectric measurement was obtained on 1370 Mar 15,
The stars Sl: HD 163953 (V = 6,93, B - V = -0.12, U - B = -0.,3%, BX) and BSZ:
SAO 253793 (mv = 8.5, mpg = F.6£, K5) were used as the comparison as the check,
respectively. The result is in Tabkle 17.
The visual ohservations were ohtained only in 1922 and are depicted in
Fig. Z1.
Table 17.
Photoelectric ohservation of V44X Her
Date 2347000 .+ Y B-V U-EB AL AR AV Chs
12 Mar 90 9363.571 11.501 -0.115 0.750 -S5.42% -3.157 —i.SHQ* W
¥ St - 82
o T T T T T
V443 Her . .
12.0 L . ) e T e e e
JD 2447000.+300 400
Fig. 21. Visual okservations of Vdd3I Her
p/ BX Mon
The visual ohservations of this symbiotic star de not fit the GCVS

elements with the period of 1374 days which
maximum on 1990 Nov 11.

L2 .

Fig.
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L BX Mon
11.0f ‘ ;

12.0 |

i . I i I A L A 1 1 4 I I L

JD 2447000.+300 400 500 600 700 800

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

In looking at the visual observations depicted in Fig. 23, we can easily
distinguish erratic variations in the range 11.2 - 12.0, including & dip of
about 0.5 mag lasting about 15 days and centered on 1338% Sep 28 (JD Zd4d47738).

m

T L L T T T T T T T T -
11.0 N e J
e S L o
12.0 RS Oph  ~ " ' " qeT ]
L 1 1 1 L 1 1 1 1 1 | 1 .l 1
J0 2447000.+ 300 400 500 600 700 800

Fig. 23 Visual ohservations of RS Oph.
r/ AG Peyg

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

27. Unfortunately, the comparison star 51 was identified ervoneously in our
= =1 Ng7M, 5= = -0 "

Hagsy = 21747 Zu-dg 61950 = +12 0&8°06
was used as the comparison, instead of the SZ: ED +11° d&31l (V = 2,10, B - V =

campaign”s chart material. An 51 star:

-1.0&, U - B = 0.97, KO) which was used as the check star. We determined the
S1 star: V = 10,360, B -V = 2.335, U - B = 0.21F from the 81 - B5Z
differences: A Ul = 0,203 % 0,015 (3 nights), 4 B = 1.565 * 0,006 (3 nights)
and A V = Z.260 * 0,03& (3 nights). Al the results are summarized in Table 18,

The light variations evident in the visual observations (Fig. Zd) with a
period of akout 200 days are apparently linked to the orbital 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 1982 Apr
(JD 2d4d47260:), the maximum (2.d4) at akout 1933 Déc (JD 244752S5:). This is,

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

T Ll T 1 T 1 l. 1 T 1 T T Ll ¥ R
8.5 |z AG Peg : .
.0 . - . . .u' ]
L L s i TR I 1 1 ! 1 1 ! A
JD 2447000.+ 300 400 500 .. 600 700 800
. Fig. 24 Visual ohkservations of AG Peg. .
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o, the minimum for 193% June.

Takle 1.

rhotbelectric ohservations of AG Pe:

Date 2447000+ . B-V  U-E Al

AR AV ks
21 Jul 30 1033.3d42 £2.63% L3dd Q0153 LS7S
23 Jul %0 1035.52% 2,724 0,124 1.553
27 Jul 30 1100.466 2,637 Q.167 1,567
¥ 51 ~ Sz
s/ AX Per

P

The photoelectric okservations of this star were obtained on 1%
nl

ketween 198% Nov 7% and 1330 Aug 31. The stars S1: HD 10063 (Vv = 7.39%

0.25, U - B = -0.33, B> and SZ: SAC Z2ddd (mv = 7.5, mpg = 2.3, KO wers user
as the comparison and the check, respectively. The differences 4 Ul (52 - S1) =
1.765 = 0.004 (12 wights), A B (82 - S1) = 0,203 £ 0,004 (12 nights) and A V

(82 - 81) = 0,0Z7 = 0.003 (12 nights) derived from our measurements yield V¥

7.427, B - V = 1.01& and 0 - E = Q.&3Z 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 hrightrness: V = 9,22, B - VYV = (.58,

- B = -0.40, During the period from 193¢ Jan to Fek 22, 2= gradual decrease
of the star’s brightrness in all filtevrs of about C.d4 - ©.S may is indicated.
During the time interval from 193G Feh 22 to Mar 20, the light curve prokakly
exhibited a flat minimum around the phase of about 0.55 (according to the
ephemeris JDmin = 243£677.4 + 631.6 »w E (Kewyen, 13I233. This hehaviour can he
interpreted as an eclipse of the cool component by its heot companion. The fact
that the minima in the U abd B light curves are deepev than that in  the
light curve along with the eclipsed star being a M3 III giant, implies the
existence of an additional radiatiown source in these spectvral hands, prohakly
displaced on the red-giant hemisphere facing the hot companion. We have
discussed this phenomevnon in more detail elsewhere (Skopal and Komarek, 1%30).

The visual observations cover the period from 1992 Jan to 1929 Dec and

are displayed in Fig. 26. Between 1332 Jan 12 and 1%

3 Mar, the star s bright-
ness increased from 11.7 to 9.Z. An outhurst had clearly begun. A deep mini-
mum, corresponding to an eclipse of the hot component hy the coocl one, lasted
for about 390 days and took the star below 1Z.Z for about &C days. Although
minimum brightriess was not actually ohserved, the date of its occurrence can
e estimated as 1929 Jan 25 (JD 2d4475SZ). One can ncte that this estimate is
not consistent with the ephemeris given hy Kenyon (the difference is about 33
days). The interval from the beginning of the decline to the minimum, lasting
about 130 days, was shorter than the rise which took about 240 days. In  late

1989, AX Per was again near 7.2 and possibly hegirmming to fade.
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o0, Takle 13.

' Photoelectric observations of AX Per

Date 2447000 .+ v B-V U-R Al AR AV Ohs
23 Nov 29 260,300 E Q.537 —0.337 1.76%  0.316 0.032 SP
I Dec &9 Zed . 25 ! 0.557 -0.393F 1.726  0.833 0.053 SP
27 Dec &% 283, 3 Q.5%2 -0.422 1.785% 0.331 0.055 sP
g Jan 90 F00. k] 0.£21  —-0.43Z 1.777 0.81& 0.04Z 5P
13 Jan 30 P05, Es O.642 -0.441 1.726 0.214 0.0%51 sP
29 Jan 20 P21, F.57S 0.EES -0.497 1.76¢4  0.20F 0.032 SP
& Feh 30 F27.3384 F.562 0.673 —0.437 1.755%  0.737 0.025 3P
7 Fek 30 9I0.372 F.582  0.655 -0.461 1.760  ©0.795  0.031 SP
10 Fek 30 FI3.364 F.576 0.662 -0.453 1.76d4  0.734  0.0320 sp
17 Feb =0 P40 252 F.659 0.73& -0.55%5 0.213 0,040 SP
Fek 20 Fdd . 266 F.631 Q.73 -0.501 0.724  0.014 5P
Feh 45,277 F.£3I6 0752 -0.S0E 0.202  0.027 SP
Fek 30 A6 2T F.637 0,717 —0.483 0.730 a1 SP
Feh 20 FdE F.6Z5 0.7 -0.491 0.791 0,022 sP
17 Mar 30 FEE.ZTE F.EIS 0,752 —-0.480 0.732  0.043 sp
17 Mar 70 F70.269 F.63d4 0.710 -0.479 E 0.73% 0.047 SP
27 Jul 30 1100.517 G.2 0,227 -0.373 1.7 3,776 0.052 W

Z1 Aug 90 1134.55& 0.540 -0.3e3 1.770  0.20%  0.041 EP

m I 1 1 L]
Og==="0s
AX Per
e
9.5 7 w4
\ “o-h
L Ny
Sy
e,
N L U]
10.0 5 .
[ o
\
\ Y
Wl B
0.5 [ - = UB
-0.3 e
F
0.6 F o o, -
i .2 B-V =
0.8 .o
1 | 1 1 1 1
D 2447000.+ 1000 1100

Fig. 25 UBV chservations of AX Per: o Skalnate Pleso and a Wroclaw

Ohkservatories,
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Fig. 24 Visual ohservations of AX Per.
t/ PU Vul

The photoelectric UBV observations of PU Vul were made in the period from
1383 Sep 28 to 1930 Jul Z7. The parameters of the standard stars used can hbe
found in Tahle Z0. PU Vul kept its hrightness virtually constant between 1383
Sep 22 (JD 244S5606) and 193% Jun 30 (JD 24d62475: V = 3.5, B — V = 0.4 and
U - B x 0.0. During the period from 198& Jun 27 (JD Z2446£0%9) to 198& 0Oct d
(JD 2d44&702), small decreases of about 0.2 and ©.15 in the V and E filters,
respectively, were ohserved, although the U magnitude did not change signifi-
cantly until 1927 Oct 29 (JD 2dd4709&). 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 value

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

Table ZO.

Photometric data for standard stars of PU Vul

Ohject \Y B-V U-B Sp
51 HD 193706 7.84 1.64 1.98% ks
SAT SESSS 7.900  1.62%  1.93
ED+21 4167 6 5 +2
sz HD 193asy 23 —0.04 —o.as*+ A
SAD 88572 200 —0.100 -0.500
BD+20 4533 +3 +10 +10
53 BD+21 4165  9.23 0.57 -o0.0t¥ £S
SAC S8543 3.245  0.S20 -0.02%
s +3 +10
54 ED+21 4130  6.120 1.040 0.%07 K1
SAD S8433 +5 +5 +1
55 BD+23 3343 7.120 0.%60 0.73% Gs
SAD 53417 +5 +5 +1

a

According to Blanco, D.M., Demers, 5., Douglas, G.G., Ffitzgerald, M.
1963, Publ. U. S. Naval Oks., 2"9 ser. 21.

According to the measurement carvied out at the Brno Observatory
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[ The results are summarized in Tahles Z1 and ZZ and displayed in Fig. Z27.
L The visual aohksevrvations (Fig. Z2) support the akove hehaviour distin-
gquished from the photoelectric data. The large scatter of the visual obser-

vations might reflect personal and instrumental effects.

Takle Z1.

Photoelectric observations of PU Vul

Date 2440000 .+ v B -V - Ohee
z SE06 IS +.002 O.de5 2,010 Q.070 £.00%
Se0T. 44 LO1S O.dé - -
SE1Z.40 011 G.azZz 0.0Z .01
Se15.35 .00 G.dl 0.0 -0t

[y

G.dd
D.413

0.07% .00S
GL.130 010

Ll )
AR NN E NN ]

Q.40 .04
2 0.447 0,13
2 Q.4d4% 0.0Z
0,426 0.063
Z0 0.433 -
2 ¢.d70 Q.00 .0z
0,445 0.0d4 .01
S 0.42% 0.025  .010
. Q.42 0.0& e

S L0002 0,430
LS00 2,007 G.d1&
SO0ZT 005 O.443
©.aas
0.d40
0,463
O.a

CG.dz

Q.09 O
0.112 *,013
Q.032
G.10
D.103
0. 0dd

Q.00

0.080
L1 0,001
LO1E -0.0SE
0.40% 009 o137
O.d0d L OGE 0,022
G40 L3177 0,030
Q.d1z L0007 —0.017
0,413 010 -0.01%
O.404 SO0 0.01Z
G.d4d4% .01l 0,032
©.d407 0.072
0,48
©.47
L 00 0,430
01 0. g4 01
Melaly

[
.

SRR

=
=
b
=
2]
S 0,04
=

oo
M

i
.

= LO03 L0033 —0,027
.04 -0d
SO LOX LGtd

005
OO0
011
00

012 -0.085 0 014
SO0 -0.0737 007
015 —0.1Z0 L01F
L 0Gd 014

[ ls el (B B B B s O B e O I B B B B B S T o O B B B B x R o B < SR B B B o e o s o o o e R R

010 Q03 —0.az .01
. 007 0,433 L0100 —0,43d L0073
. 00E 0.435 L0028  -0.495 (010
0. 500 <010 LO10
O.az .02 1l
O.d16 Q07 s le ]
.02 0.44%  .015 -0.590 .015
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(o] Takle 21 ( continued )
!
L
Date 2440000 .+ Y B -V I -R Ohks
12 Jun 82 7325.53 F.740 .010 Q,400 007 -0.615 .01Z B
14 Jun @2 F.647 L0004 0.40% L0035 -0.&1% (005 E
25 Jul 882 L0015 0.d4d0  L01S —0.645 005 B
2 Aug 22 0 0.420 007 -0.825 .010 B
14 Aug 0,335 01T -0.46 .01 E
17 Aug 7391.44 G 390 010 -0, > L0100 E
=8 Aug 7402 37 z 0.40 .01 Q.62 .01 B
1 Sep 7406 1 G.a0 .0z —0.62 .03 E
= Sep 7413.39 ] 0,330 010 -0.655% 010 =1
10 Sep 7d415.40 75 0. .0z —0.61 LO3 E
22 Sep Z3.3Z 30 .00% 0,40 L0200 -0.71 L0Z 5
oct O L013 0.372 .01ld -0.7000 (007 E
LOtad 015 L0Z E
011 LO1Z . 007 E
LOlé 012 L0Z E
.02 .02 L0 E
TEET.S3 OO 010 LOLE E
TEIELSE L0d E
7763.42 LO1S 011 E
7770.41 W03 E
7771.40 10.470 0.37 02 =3
T776.47F 10.4% Q.I= O3 E
10,40 - - B
1G.a49 D.3E L03= ! SOZ E
10,48 0,40 03 =066 .02 B
10.4% - - E
10,50 (8] LOZ ~0 .70 Qz =
¥l .02 L EE L0 E
Q L0130 —0.70 .01 =3
- - E
- - E
- - B
- - E
- - B
Takle ZZ.
Photoelectric ckservations of PU Vul
Date 2447000+ W B~V II-R ALl AR AV Ok
19 Mar 30 10.465  0.460 273
2 Apr 30 10.506 0,453 -0.519 L7
I May 30 10,5659 O.33%7  -0.522 d51
1 May 20 1042.506 10,603 0.427 -0.507 R
1 Jul 30 1033.528 10, G.E7e -0, A Pt
Jul 30 1095.519 10.4 0,3F2  —-0.55% T3
Jul 20 10.53%  0.37% -0.433 445
¥ 81 - 3%, + 51 - 32
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Fig. 27 UBV observations of PU Vul taken at EBrno and from JD 244796% at

Wroclaw Observatories.
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Fig. 28 Visual ohservations of PU Vul.
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! NOTE

Unfortunately, BV photometry made at the Skalnaté Pleso Observatory bet-
ween JD 2447160 ( December 1337 ) and JD 2447320 ( October 1989 ) 1is not 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 - % mag > were shifted by 0.7 and 0.5 mag, respectively.
The U values ( weaker than this limit > were well defined. By Dctober 193% the
new instrument (voltage to frequency convertor) is used. Since that time ( JD
2447320 ) our UBV photometry is correct.
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