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ASTPONOMIA.— Photoelectric Three - Color Observations of the
Galactic Cepheids CD Cyg; X, Z, RR Lac and U Vul¥*
by G. Asteriadis®, L. N. Mavridis' and A. Tsioumis'. *Avexoi-

vaydn oo 1ol *Anadnuaizod x. L. Eavdun.

1. INTRODUCTION

The determination of as complete and accurate light and color
curves of cepheid variables as possible could be of considerable interest,
for example, from the following points of view:

a) For a more thorough study of the relations existing between the
different parameters characterizing the light and color curves and the
period, as well as of the behaviour of the cepheids in the two-color dia-
grams. These relations could then be used for a better separation between
the population I and population II cepheids in the disk of the Galaxy as
well as for an eventual subdivision of these two groups of cepheids into
further sub-groups.

b) For a control of the stability of the periods and, after reobser-
vation of the same stars at a later time, of the form of the light and
color curves. This information could be of great value for the determi-
nation of the time scale of the cepheid phenomenon.

As a contribution to this way of approach an effort has been made
by Bahner and Mavridis (1971) to determine as complete and accurate
light and color curves (B, V) as possible for the following 18 galactic
cepheids with 2¢<P<17¢: RT', RX, SY Aur; RW Cam; SU Cas, VZ,
CD Cyg; V, X, Y, Z, RR, BG Lac; RS Ori; SV, AW Per; U Vul and
TU Cas (the cepheid shows beat phenomena). The observations have
been obtained in 1956 - 1959 with the 72-cm reflector of the Landesstern-
warte Heidelberg - Kénigstuhl (f/17) and the results obtained for the
cepheids TU Cas; CD Cyg; X, Z, RR Lac and U Vul, have been
published already (Bahner and Mavridis 1971).

In the year 1967 a new Astrophysical Observatory, the Stepha-
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nion Observatory, located in Peloponnese (A = — 220 49’ 44",
¢ = -+37° 45" 15, H =800 m above see level) was established in Greece.
This observatory included among others a 38-cm Cassegrain reflector
(f/21) belonging to the Hamburg Observatory and being used jointly by
Dr. Heinz Neckel and his collaborators on the one hand and the staff
of the Department of Geodetic Astronomy, University of Thessaloniki
on the other hand. This telescope was transferred back to Hamburg in
September 1970 and was replaced in June 1971 by a 30-inch Cassegrain
reflector (f/13.5) with asymmetric mount constructed by Astro Mechanics
Inc. and belonging to the Department of Geodetic Astronomy, Univer-
sity of T'hessaloniki.

One of the main observational programs carried out with the 38-cm
reflector mentioned above was the redetermination of complete and
accurate light and color curves for some of the galactic cepheids observed
by Bahner and Mavridis in Heidelberg with the aim of checking for
eventual changes in the form of their light and color curves during the
time interval elapsed between the two observational series. In addition,
in order to get more information concerning the behaviour of these
cepheids in the two-color diagram, the Stephanion observations have
been carried out in the three colors of the international U, B, V system
rather than only in two colors (B, V) as in Heidelberg.

In the second and third section of this paper a description is given
of the observations carried out at Stephanion as well as of the methods
used for their reduction outside the Farth’s atmosphere. In the fourth
section the transformation of our instrumental system to the interna-
tional U, B, V system as well as the relation of the same system to the
cepheid photometric system of Bahner and Mavridis (1971) and Mitchell
et al. (1964) is discussed. In the fifth section the light and color curves
obtained at Stephanion for the cepheids CD Cyg; X, Z, RR Lac and
U Vul are given.

These data were used in the sixth section for the determination of
some characteristic parameters of the five cepheids observed as well as
for a discussion of the behaviour of these cepheids in the (U-B)/(B-V)
diagram. The comparison of the light and color curves obtained at Ste-
phanion for these cepheids with the corresponding curves obtained in
Heidelberg has been given elsewhere (Asteriadis et al. 1974).
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2. OBSERVATIONS

The observations described here have been obtained in the time
interval April 1967 - August 1970 with the 38-cm reflector at the Ste-
phanion Observatory mentioned above.

The photometer mounted at the Cassegrain focus, used during the
time interval April 1967 - April 1970 a refrigerated EMI 9502 SA photo-
multiplier. This photomultiplier was replaced in May 1970 with an unre-
frigerated EMI 9502 SA photomultiplier. During the entire observing
period 1967 - 1970 the photometer was fitted with the Schott filters UG 2,
2mm for the U, GG 13, 2mm + BG 12, 1 mm for the B and OG4,
1.5 mm for V color.

The photocurrent was measured by means of a DC amplifier
(constructed by K. Rakosch) and a strip chart recorder. The observa-
tions were carried out mostly with a diaphragm of 3D seconds of arc
in diameter.

In order to increase the accuracy and at the same time make the
present observations comparable with the observations carried out in
Heidelberg the same differential method has been used throughout the
measurements as in Heidelberg. Close to each variable V two comparison
stars A, B (the same as in Heidelberg) were selected and a symmetrical
measuring sequence Au, b, vVv, bu, u, b, vBv, b,u,u, b, vVy,
b, u, u, b, vAv, b, u was adopted which within 45 minutes gives two
essentially independent differences V- A, V- B for the same instant and
a difference A-B of half weight both in v and (b-v), (u-b), where
v, b, u are the visual, blue and ultraviolet magnitudes in our instru-
mental system. Many of the nights used were not photometric, and the
A - B values served as a check against gross errors. On some nights more
than one observation of the same cepheid was made. In these cases
only one of the comparison stars was usually measured during the addi-

tional observations.

3. REDUCTIONS

A detailed description of the method used for the reductions of the
present observations will be given elsewhere. Therefore, here we shall

confine ourselves in a few brief remarks.
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The differences in air mass between variable and comparison stars
were always quite small. The v magnitudes were reduced assuming that
the second order term in the v extinction coefficient is zero. The mean
errors for one observation of a comparison pair v difference are con-
tained for the five cepheids considered here between 0™.014 and 0m.023.

For the (b-v) and (u-b) colors, the observations were reduced

with the relations :

Ab-v)o=A(b-v)x—k"p.vX A(b-v)o~A(b-v)x[l-k"s.,X], (1)
Afu-b)o=Au-b)x—k"u.sX A(w-ble~A(u-b)x[l-k"w.X], (2)

where X is the air mass. The second order coefficients k’’y., and k' 4.y
were determined for each night using all the comparison star observa-
tions. The resulting values were between 0m.00 and —O0™.08 for k’’y.,
and +0m.04 and +0%.12 for k’y.p,. The mean errors for one observa-
tion of a comparison pair color difference are contained for the five
cepheids considered here between 02.008 and 0™.022 in (b-v) and 0™.03
and 02.06 in (u-b).

No observation showing reasonable deflections was excluded. If the
deviation from the mean comparison star difference was more than 0™.04
or the difference between the symmetrical halves of a cepheid obser-
vation surpassed 0™.025 the observation was marked uncertain. These
limits were used for v and (b-v). The corresponding limits for (u-Db)
were taken correspondingly equal to 0™.065 and 0™.04.

4. PHOTOMETRIC SYSTEM

On a few good nights the comparison stars were observed together
with stars which have high weight in Table 9 of Johnson et al. (1966).
The stars representing the U, B, V system cover an adequate range in
color and position in the sky. From these observations the transforma-
tion of our instrumental system to the international U, B, V system
was found. This transformation was determined for the year 1967 and
the relations thus found

V = vo 4+ 2.484 — 0.048 (b - v)o, (3)
+ 0.029 + 0.005
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B-V = -4 1.104 4+ 0.990 (b - v)o, (4)
+ 0.035 + 0.026

U-B = — 1.800 + 1.033 (u-b), , ()
+ 0.047 + 0.001

were used for the entire period April 1967 - April 1970 during which the
photometer was fitted with the first of EMI 9502 SA photomultipliers
mentioned above (refrigerated photomultiplier).

The same transformation was also determined after the replacement
of this photomultiplier with the unrefrigerated EMI 9502 SA photo-
multiplier (May 1970) and the relations thus found:

V = vo -+ 1.549 — 0.049 (b - v)o, (6)
+ 0.010 + 0.004

B-V = -+ 1.257 + 0.979 (b - v)o, (7)
-+ 0.013 + 0.010

U-B = — 1.800 + 1.145 (u - b)o, (8)
-+ 0.015 + 0.011

were used for the rest of the observing period (May - August 1970).

In relations (3)-(8) vo, (b-v),, and (u-b), are the magnitudes
and colors outside the Earth’s atmosphere, while the errors of the coef-
ficients given are mean square errors.

Furthermore a comparison of our photometric system to the systems
of Bahner and Mavridis (1971) and Mitchell et al. (1964) has been
carried out.

To this purpose one has first determined the phase shifts AP which
have to be applied to the V -light curves given by Mitchell et al. and the
present authors, because of an eventual inaccuracy of the elements (period
and epoch) used, in order to bring them into agreement with the cor-
responding curves given by Bahner and Mavridis. These AP values were
obtained with the help of the method of Herztsprung (1919). The results
found are given in T'able I where J_DM, JDx, and TDs represent respec-
tively the mean Julian Dates for the observations by Mitchell et al.,
Bahner and Mavridis and the present authors.
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TABLE I

Phase shifts between the observations by Mitchell et al. and the present
authors on the one hand and the observations by Bahner and Mavridis
(1971) on the other hand

Observations by Mitchell et al.| Observations by the present

Cepheid Periad _7and Bahner and Mavridism authors and Bahner - Mavridis
JDu - JDu AP :]T)s - JDu AP

X Lac 59,45 + 8904.913 =+ 07.007 + 44329.049 +0F.016
RR Lac 6 .42 1028 .436 +0 .003 4614 .602 —0 .006
U Vul 7 .99 763 .148 + 0 .006 4204 .953 -+ 0 .001
Z Lac 10 .89 920 .839 +0 .003 4462 .891 + 0 .004
CD Cyg 17 .0% 776 .246 — 0 .003 4363 .570 ' —0.017

The AP shifts given in Table I were then applied to the cor-
responding light and color curves and at this stage a detailed compar-
ison of the three photometric systems has been carried out. Following
transformations were thus found :

Vs = + 0.054 + 0.987 Vi + 0.069 (B - V)u, (9)
+0.014 +0.002  + 0.004
(B-V)s = — 0.022 4 0.990 (B- V) , (10)
+ 0.006 + 0.005
Var = + 0.030 4 0.995 Vi + 0.036 (B- V) , (11)
+ 0.027 + 0.003 =+ 0.009
(B- V)y = 4+ 0.018 - 0.970 (B- V), (12)
+ 0.006 + 0.005
Vi = — 0.015 + 1.007 Vs — 0.029 (B- V)s, (13)
+0.029 -+ 0.003  + 0.009
(B- V)u =+ 0.038 + 0.974 (B- V)s, (14)

+ 0.015 -+ 0.013

(U - B)y = — 0.010 4 0.899 (U - B)s + 0.172(B- V)s,  (15)
+ 0.031 + 0.063 + 0.064
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In equations (9)-(15), Vu, (B-V)u, (U-B)y, Vu, (B-V)a, and
Vs, (B-V)s, (U-B)s represent respectively the magnitudes and colors
in the systems of Mitchell et al., Bahner and Mavridis and the present
authors, while the errors of the coefficients given are mean square errors.

8. RESULTS

The results obtained for the five cepheids considered here are
given in Table II. The successive columns give the Heliocentric Julian
Date, the phase computed with the help of the epochs and periods given
in Kukarkin et al. (1969), the V magnitude and the (B-V), (U-B),

colors. A colon indicates that the value given is of lower weight. The
corresponding light and color curves are given in Figures 1-5. Open

circles represent values of lower weight. As a consequence of the differ-
ential method used the light and color curves obtained for each variable
relative to each comparison star are better defined than the magnitudes
and colors of the comparison stars in a common system or this system
in the U, B, V frame.

It should be noted that the same instrumentation (telescope -+ photo-
meter) was used during the same period of time by Neckel in order to
carry out two-color (B, V) photoelectric photometry of BD M-type stars
located along the galactic equator. Neckel has made independent determi-
nation of his photometric system. A comparison of the results obtained
by Neckel (1974) with the results given above shows that Neckel’s photo-
metric systems for the years 1967 and 1970 coincide with our systems
for the same years given by relation (3)-(b) and (6)-(8) correspondingly.
The photometric system given by Neckel for the year 1969 on the con-
trary differs slightly from the system given by him and by us for the
year 1967. As Neckel’s paper appeared after the completion of our calcu-
lations and the publication of the paper by Asteriadis et al. (1974) we
decided to keep unchanged the original reduction of our 1969 obser-
vations with the help of the transformation equations (6)-(8). Therefore,
the values given in Table II and plotted in Figures 1-5 have been
calculated with the help of these equations. For comparison Table 1Ia
gives the values of V, and (B-V) corresponding to our 1969 observations
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reduced with the help of Neckel’s photometric system for the year 1969.
A comparison of Tables II and Ila shows that no significant differences
exist between the corresponding values of V and (B-V).

6. DISCUSSION OF THE RESULTS

The comparison of the light and color curves obtained at Stepha-
nion for the five cepheids considered here with the corresponding curves
obtained in Heidelberg has been given elsewhere (Asteriadis et al. 1974).
In the following we shall discuss some additional points concerning
these cepheids on the basis of the data given in Table II.

In Table III following quantities are given for each of the five
cepheids: 1) The name of the cepheid. 2) The period as given by Ku-
karkin et al. (1969) and the corresponding value of logP. 3) The galactic
coordinates 1, b. 4) The average <V i, of the V magnitude. In order to
calculate this value the light curve has been converted into one of inten-
sity versus time, planimetered to find the average intensity over the
cycle, and this average intensity has been converted into a magnitude.
5) The maximum and minimum values of the V magnitude Viax, Vmin
and the corresponding amplitude AV. 6) The average <B- V). of the
(B-V) color. In order to calculate this value the (B-V) color curve,
expressed in magnitudes versus time has been planimetered directly to
find the value given. 7) The maximum and minimum values of the (B- V)
color (B-V)max, (B-V)min and the corresponding amplitude A(B-V).
8) The average <U-BDuma of the (U-B) color calculated in the same way
as the corresponding average in (B-V). 9) The maximum and minimum
values of the (U - B) colot (U - B)max , (U - B)min and the corresponding am-
plitude A (U -B). 10) The color excess Epv o 101 {B-VDmsy as given
by Fernie (1967a). 11) T'he average intrinsic color <(B- V), mag calculated
with the help of the relation <(B-V)o)mag = <B-VDmag — E v o -
12) The absolute visual magnitude {M,>{s calculated with the help of
the period-luminosity-color relation given by Fernie (1967b, equation 22)
and the average intrinsic color given above. 13) The absolute visual
magnitude <M, {4 calculated with the help of the period-luminosity
relation given by Fernie (1967b, equation 25). 14) The heliocentric
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distances r® and r® calculated in the usual way from the absolute
visual magnitudes <M,>, <M, >0 correspondingly, the average magni-
tude {VDin and the color excess Eww,
total to selective absorption has been assumed equal to 3.0. 15) The dis-

given above. The ratio of

tance r sinb from the galactic plane calculated with the help of both

X Lac
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i
N
\\Go
03} LY
\
\
N
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la
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K
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0.6 -
0.7 r
L L B-V
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Fig. 6. (U-B)/(B-V) diagram of the cepheid X Lac,

values r™ and r® of the heliocentric distance given above. The values
<M, 1@ and 1@ sinb have been given here for comparison with the
corresponding data given by Fernie (1968). 16) The radial velocity V.
taken from Kraft and Schmidt (1963). 17) The spectral type as given in
Kukarkin et al. (1974).

It should be noted that many efforts have been made during recent
years in order to determine the intrinsic (B-V),, (U-B), colors of the
galactic cepheid at maximum and minimum light (Fernie 1970, Maka-
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renko 1971 and Nokolov 1967a, 1967b). Fernie, for example, gave the
following relations

(B- V)™ = 0.297 4- 0.307logP — 0.194 AV, (16)
(B- V)™ = 0.238 + 0.373 logP + 0.373 AV, (17)

03

04

black body

05

0.6 -

07 -

08 -

1 1 1 1 I 1 1 1 I B-V
06 07 08 09 . 10 11 12 13 14

Fig. 7. (U-B)/(B-V) diagram of the cepheid RR Lac.

which give these colors as functions of the period and the amplitude AV.
However, as the averages of the values of (B-V)™* and (B- V)™ cal-
culated with the help of relations (16) and (17) do not differ significantly
from the values of the average intrinsic colors <(B- V), >maz given
above, the later values have been used for the determination of the
quantities given in Table III.

In Figures 6-10 the (U-B)/(B-V) diagrams are given for the five
cepheids considered here. To this purpose mean color curves have been
drawn in Figures 1-5 and the (B-V), (U-B) values have been read
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every OP.05 on these curves. In the same diagrams the position of the
intrinsic lines corresponding to the luminosity classes Ia, III and V and
the black body as given by Golay (1971) is shown. In the (U -B)/(B-V)
two - color tracks of each cepheid the continuous line represents the
observations on the rising branch of the corresponding (U-B) curve

U Vul

06 |-

OFA=

0.8 +

09 |-

L 1
0.9 1.0

13 14 15

Fig. 8. (U-B)/(B-V) diagram of the cepheid U Vul.

and the dashed line those on the descending branch. The numbers along
these tracks give the phases on the corresponding (U - B) curve.

From these diagrams following conclusions can be drawn : a) The
two - color tracks of the cepheids X Lac, U Vul, Z Lac and CD Cyg
form rather flat loops which are slightly curved and present one inter-
section for all these stars, but the star CD Cyg for which the corre-
sponding loop shows three intersections. Furthermore, the part of the track
corresponding to the rising branch of the (U - B) curve (continuous line)
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is at its greater extent higher in the diagram than the part corresponding
to the descending branch (dashed line). Kwee (1968) has noticed similar
behaviour for four classical cepheids studied by him. However, his
remark that the intersection in the track seems to be near the minimum
of the (U-B) curve does not seem to be verified in all cases studied by

U-B Z Lac

0.5 - GS\
X

0.6 |-

07l black body

0.9

1.0

11

1 il L ot 1 1 1 I B-V
0.8 0.9 10 11 12 13 14 15

Fig. 9. (U-B)/(B-V) diagram of the cepheid Z Lac.

us. b) The two - color track for the cepheid RR Lac is fairly open, does
not present any intersection and its part corresponding to the rising
branch of the (U-B) curve is lower than the part corresponding to the
descending branch. Kwee (1968) found that the two - color tracks for the
population II cepheids are generally more open than those for the
classical cepheids. In the two - color tracks of the population II cepheids
contained in his Fig. 7, however, the part of the track corresponding
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to the rising branch of the (U - B)-curve lies higher than the part cor-
responding to the descending branch.

Uu-B Vv
‘K2

CD Cyg

¥

09 -

] i i L ! 1 1\K 2 O 1
0.9 1.0 1.1 1.2 18 14 1.5 1.6 17

Fig. 10. (U-B)/(B-V) diagram of the cepheid CD Cyg.
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TABLE II

The Cepheid Photometry

X Lac
Comparison Stars: - 56°2872, -+ 55°2809

I 2436814.00, P-1 0.1836527054 d—1

JDHel Phase \% B-V U-B
2439681 .509 0.625 8.582: 1.036 0.537
682 .457 0.800 8.420: 0.932;
685.470 0.:353 8 .435: 1 044
689 . 461 0.086 8.236 0.845: 0.441
690.479 0.273 8.36% 0.949 0.509
704 . 470 0.843 8.324: 0.887: 0.451
705 461 0.025 8.208 0.837 0 441
706 .455 0.207 0.899 0.503
707 .416 0.38% 8.465: 1.023:
708 .407 0.566 8.562: 1.008 0.554
709 .415 0.751 0.536
710 443 0.940 8.209: 0.821 0.435
712 . 448 0.308 0.511
713.384 0.480 8.507 1.057 0.557
2440777 .454 0.899 8.241: 0.84H 0.467
788.336 0.898 8.253 0.842 0.455
788.426 0.914% 8.228 0.822 0.460
788.509 0.929 8.219 0.80% 0.464
789.392 0.091 8.220 0.847 0.478
789.505 0.112 8.237 0.844 0.501
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Table II (continued)
X Lac (continued)
JDHel Phase \Y B-V U-B
2440790.392 0.275 8.348 0.959 0.532
790.503 0.296 8.365 0.973 0.536
793.555 0.856 8.344 0.874 0.462
794 .332 0.999 8.169 0.828: 0. 4%1
797.381 0.559 8.571 0.997 0.596
797.534 0.587 8.574 0.993 0.582
798.473 0.759 8. 555 0.974 0.5%0
798 .546 0,773 8.509 0.949 0.522
800.525 0.136 8.232 0.874% 0.489
803.566 0.695 8.588 1.000 0.551
805.455 0.042 8.176 0.809 0.470
805.516 0.053 8.191 0.816 0. 464
806.526 0.238 0.936 0.526
809.385 0.763 0.542
811.528 0.157 8.284 0.865 0.501
812.564 0.347 8.432 0.958 0.54%
813.466 0.513 8.548 1.018 0. 599
814.573 0.716 8558 0.988 0.554
818.398 0.418 8.500 0.971 0.563
820.387 0.784 8.481 0.937 0.523
821 .453 0.980 8.185 0.818 0.456
821.538 0.995 8.179 0.808 0.454
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Table II (continued)
RR Lac
Comparison Stars: 4 55°2791, + 55°2796
By == 2488537.37, P—1 = (0:1558567 d—1
JDHel Phase \Y B-V U-B
2439707 . 481 0.648 9.185 1.087 0.652
708 .491 0.804 9.026: 1.008
711 . 494 0. 272 8.780 0.941 0.505
712 .492 0.428 8.927 1.005: 0.570:
713 .429 0.574 9409 1.074 0.650
714 .450 0.733 9.199 1.083 0.589
745.396 0.881 8. 796 0.874 0.460
716 .407 0.038 0.743: 0.445
2440407 .529 0.753 9.214: 1.019
408 . 464 0.899 8.736: 0.829
412 427 05617 9.049 1.074:
415 .483 0.993 8.434 0.700
417.399 0.292 8.780: 0.906
421 421 0.919 8.617 0.773
421 .511 0.933 8.566 0.741
422 .502 0.087 8.546: 0k 774
424 493 0.397 8.880 0:..977
444 .399 0.500 9.043 4..079
444 . 537 0.521 9.08% 1.047
2440767 .466 0.852 8.939 0.924 0.471
768.576 0.025 8.422 0.715 0.458
770.420 0312 8.812: 0.956 0.510
772.545 0.643 9.166: 1.100 0.66%4
773 .436 0.782 9.145 1.030 0.557:
997..556 0.424 8.909: 1.004 0.568
779). 564 0.704 1.078: 0.630:
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Table II (continued)

RR Lac (continued)

JDHel Phase A% B-V U-B
2440779 .561 0.737 9202 1..091

780 . 446 0.875 8.853: 0.883 0.443
780.522 0.887 8.786: 0.854 0.441
781 . 414 0.026 8.407: 0.74% 0.459
784 .532 0.04% 8.436 0.739 0.459:
782.373 0. 475 8.629: 0.840 0.500:
782.528 0.199 8.671 0.881 0.471
783 .540 0.357 8.878 0.966 012565
784 .465 0.501 9.063 1..057 0.614:
784 .531 0.511 9..062 151065 0.615
788.381 0.144 8.548 0.784: 0.456:
788 .468 0.125 8.559 0.454
788.557 0.139 8.573 0.816 0.466
789 .347 0.262 8.759 0.924 012508
789 .476 0.282 8.803 0.935 0529
790.437 0.432 8.924 1.007 0.567
795.458 0.214 8.704 0.907 0.494
795 .547 0.228 0.897: 0.504
797 .473 0.528 9079 1,072 0.616:
797.578 0.5%5 91096 1.079 0.666
798.362 0.667 9.173: 15084 0.643:
798.428 0.677 9.198 16,1094 0.684
798.515 0.691 Br95: 1.083 0.655
799.423 0.832 9.000 0.963 0.495
799.546 0.852 8.946 0,948 0.469
800.320 0.972 8.423: 0:.74:3 0.408:
800.361 01,979 8.451: 01 7119

800.399 0.985 8.418 0.707 0.409
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Table II (continued)

RR Tac (continued)

JDHel Phase Vv B-V U-B
2440800 .439 0.991 8.415 0.695

800.563 0.010 8.419 0.706 0.419
803.476 0.466 8.967 1.0385 0.608
804.301 0.593 9.140: 1.095 0.639:
804.371 0.603 LAl 1.087 0.647
804 .430 0.613 9.149 1.090 0.661
805.572 0.791 9.108: 1°.022 0. 577
806.356 0.913 8.637 0.777 0.454
806.58% 0.948 8.490 0.716 0.445
807.311 0.062 8.462 0.707 0.458:
807.560 0.101 8.522 0.758 0.474
809.573 0.414 0571
810.500 0.559 9449 1.087 0.654%
810.559 0.568 9.131 1.086 0.638
811.579 0.727 Sl 1:.1092 0.626
812.428 0.859 8.900: (5] s 0.461
812.498 0.870 8.849 0.883 0.468
813.563 0.036 8. 440 0. 719 0.455
814 .327 0155 8.600 0.831 0.454%
814.367 0.162 8.607: 0.840 0.445:
814.513 0.184% 8.652 0.861 0.470
818.479 0.802 9.099 15010 0.534%
818.576 0.818 9.060: 0.999

819.379 0.943 8.518 0.746 0422
819.504 0.962 8.449 0% 708 0.434%
820.575 0.129 8.559 0.808: 0.446
821 .392 0.256 8.740 0.914 0.484




Comparison Stars: + 20°4210, + 20° 4215
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Table II (continued)

U Vul

563

E —: 2420141.642, P-1 . 0.12514586 d—1
JDtiel Phase A% B-V U-B
2439668 .499 0.705 7.164 1.433 0.848
679.495 0.081 7.474 1.486 0.898
682.323 0.435 6.838 1.216 0.728
685.329 0.811 7 819 1.447 0.925
687.365 0.066 7.490 1.495 0.958
689.337 0.313 6.813: 1. 162 0.697
690.326 0.437 6.882 1.188 0.733
703.399 0.073 7 .496 1.478 0.928:
704.315 0.188 1.361 0.784:
705.312 0.312 1.149 0.714
707 .301 0.561 6.975 15264 0.780
708.301 0.686 0.818
709.357 0.819 7.325 1.474 0.907
710.315 0.938 7. hh4k 1.510 J5045
711.333 0.066 7.495 1.462 0.940
713.335 0.316 6.812 1.154% 0.725
716.330 0.691 7 A28 1.358:
2440017 .496 0.381 6.835 1.456
021.485 0.880 7.409: 1.481
024%.409 0.246 7.040: 1.233:
119.329 0.125 7.421 1.428
703.478 01229 90 1.288: 0.767
705.455 0.476 6.910 1.241 0.762
708 . 448 0.851 7.872: 1.463: 0974
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Table II (continued)

U Vul (continued)

JDuel Phase \% B-V U-B
2440766 .473 0.112 7.455 1.450 0.926
767 . 414 0.230 7.415 1..294 0.772
768.334 0.345 6.798: 1.133: 0.704:
770.345 0.597 6.965: 1.274 0.790:
771.550 0.748 7.245 1.419 0.931
772.338 0.846 7.353: 1.461: 0.973
773.320 0.969 7.49%: 1.505: 1.021:
773.549 0.998 7.505 1.489 1.034
777.524 0.495 6.946 1.243 0.769
779 .514 0.744% 7.227 1.417 0.901
781.356 0.975 7.480 1.499 1.026
782.552 0.124 7.431 1.423 0.941
783.334 0.222 7.143 1.274 0.776
783 .445 0.236 7.097 1.270
784 .415 0.358 6.803 1.146 0.725
789.547 0.000 7.509 1.503 1.033
794 .547 0.626 7.002: 1.289: 0.833:
799.570 0.254 7.021 1.225 0.742:
803 .419 0.736 7.229 1.390 0.906
806.311 0.098 7.473 1.452 0.969
807 .364 0.230 7109 1.295 0.763
807 .438 0.239 7.085 1.244 0.744
809 .456 0.491 6.966 1.245 0.781
811.377 0.732 7245 1.400:
812.328 0.851 7.366: 1.457 1.002
814 .465 0.118 7. 446 1.418 0.945
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Table II (continued)

Comparison Stars :
E = 2434575.780,

Z Lac

+ 55°2791,
P—1 — 0.091862541 d—!

1976

+ 55°2796

565

JDgel Phase \Y, B-V U-B
2439707 .489 0.412 8.638 1.356

708.490 0.504 8.736: 1.378: 1.029

711 . 494 0.780 8.487 1.122 0.651

712.492 0.871 8.350 1.054 0.629

713.430 0.958 7.991 0.891 0.517

714 450 0.051 8.052 01.972: 0.567

715.396 0.138 8.185 1.088 0.635

716 .407 0.231 8.346 0.788
2440407 .528 0.719 8.580 1.216

412 .424 0.169 8.214 1.094%:

415 .483 0.450 8.703 1.370:

417.398 0.626 8.794 1.302

421 .421 0,995 7.875 0.840

421 511 0.004 7.894 0.846

422 438 0.089 8.1565 1.022

422 502 0.095 8.136 1.032:

424 493 0.278 8.393 1.213

444 .399 0.106 8.147 1.052

44% 536 0.119 1.043

762.555 0.333 8.476 1.271 0.889:

767.548 0.792 0.687

768.487 0.878 8.339 1.046 0.636

770.401 0.05% 8.043: 0.97%: 0.569

770.532 0.066 8.075: 1.004

771 .851 0.141 8.165: 1.061: 0.689:

771 .481 0. 15¢ 8.188: 1.079: 0.683

772.544 0.251 8.339 1.191 0.792

773.436 0.332 8.473: 1.266 0.894

777.392 0.696 8.675 1.219 0. 792

1144 1976
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Table II (continued)

Z Lac (continued)

JDHel Phase v B-vV U-B
2440779 .351 0.876 1.039 0.623:
780.391 011994 7.920 0:48719; 0.543
780.528 0.983 7.885 0.86% 0.543
781 .399 0.064% 8.059 1.018: 0.599:
7:81:.584 0.076 8116 1.024 0.598
782.514 0.166 8,247 1.108 01,672
783 .391 0.247 8.387: 1.184% 01972
784.533 0.352 8.515 1.289 0.891
789.567 0.814 8.415 1.076 0.638
790.437 0.894 8.311 1.024 0.639
794.576 0.274 8.378 1.239 0.762
795.548 0.364% 8.500 1.280: 0.946
797 .331 0527 8.809 1.385 40057
797 .473 0.541 8.822 1.369 19012
797.566 0.549 8.828 1.370 1.053
798.357 0.622 8.806: 1302 0.929
800.302 0.800 8.441: 1.114: 0.644:
804 474 0.184 8.238 B 145 0.699
804.563 0492 8.245 fo. 122 015729
807.559 0.467 1.010
809 542 0.646 8.763 1.312 0.903
809.572 0.652 8.779 1,296 0.878
810.559 0.743 8.538 1.439 0.677
812.443 0.916 8.255 1.004 0.609
812.498 0.921 8.232 0.99% 0.608
813.407 0.004 7.867 0.841 0.551
818.576 0.479 8.723 15,372 1.040
819.505 0.564 8.826: 15. 373 0.979
819.587 05 972 8.826 10. 373 0.968:
820.574 0.663 8.752 1:.270: 0.862
821.582 01,755 8.508 1.138 0.669
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Table II (continued)
CD Cyg
Comparison Stars: + 33° 3734, 33° 3716
F — 2436848.21, P! 0.0585775725 d !
JDHel Phase \Y B-V U-B
2439681 .439 0.964 9.010 1.274 0.793
682.385 0.019 8.311 0.953
685.396 0.195 8.633: 1.262 0.717
687 .422 0.314% 8.849 1.447 0.946
689.394 0.430 9.040 1.534 1.065:
690.383 0.488 9.147 1.558 1.214:
704 .385 0.308 8.865 1.415 1.052;
705.392 0.367 8.937 1.476 1.035:
707.353 0.482 9.149 1.472
708.351 0.540 9.233: 1.632: 1.290
711.381 0.718 9.522
714.299 0.889 9.219: 1.421
715.294 0.947 9.220 1.349 0.850:
2440412 .351 0:779 9.453 1.601
£12.510 0.788 9.440 1.583
413 .343 0.837 9.350: 1.494%
£13.502 0.846 9.320 1.469
514 .343 0.895 9.260:
517 .338 0.071 8. 447 1.032:
418 . 34% 0.130 8.543 1.106
418 . 487 0.138 8.573 1.096:
419.388 0.191 8.650 1.209:
£20.373 0.249 8.740 1.342
£22.38% 0.366 8.915: 1.474
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Table II (continued)

CD Cyg (continued)

JDite1 Phase \% -V U-V
2440424 . 417 0.486 9.161: 973:
443 .336 0.594 9.366 660
444 .356 0.653 9 .471
2440705.586 0.956 9.159 352 0.782
708.498 0.126 8.510 096:
767.509 0.583 9.361 .653: 1.445
768.420 0.636 9.435 .686 1.458:
770.466 0.756 9.506 610 1.372
771.388 0.810 9.440: 1.165;
772.475 0.87% 9.245; .396 0.9138:
773.370 0.926 9.281 .387 0.959
773.503 0.93% 9.278 .389 0.976
777.343 0.159 8.603: .187 0.732
781.470 0.401 8.978 467 1.146
782.463 0.459 9 144 539 1.243
783.496 0.519 1.227
784 .354 0.570 9.317 643
789.438 0.868 9.263 432 1.009
791.326 0.978 8.877 .189 0.770
791.357 0.980 8.848 .158 0.721
791.390 0.982 8.815 140 0.732
791.426 0.984 8..76%5 <121 0.739
791.459 0.986 8.739 101 0.716
791.504 0.989 8.688: 077 0.697
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Table II (continued)
CD Cyg (continued)
JDHel Phase % B-V U-B
2440791.536 0.990 645 1.055 0.645
803.368 0.684 482 1.634 1.504
804.330 0.740 493 1.617 1.450
804 .519 0.751 503 1.605: 1.367:
805.319 0.798 427 1.546 1.258:
806.467 0.865 263 1.479 0.973
808.322 0.974 . 950 1.472 0L794
808.355 0.976 .928 1.459 0.829
808.493 0.978 882 1.133 0.840
808 436 0.980 839 1.426 0.732
808.476 0.983 .823 1.109 0.778
808.523 0.986 .750: 1.080 0.714
809.303 0::031 .303 0.963 0.687
810. 445 0.098 469 1.048 0.727
811.326 0.150 .562 1,453 0.764%
811.436 0.156 0.762
812.381 0244 .668: 1.244% 0.878
813.336 0.267 .756: 1.330 0.968
814 415 0.331 .858 1.414
818.329 0.560 .287 1...687:
819.316 0.618 .386 1.658 1.376
819.437 0.625 .390 1.681:
820.325 0.677 474 1.639 1.504:
821.329 0.736 504 156116 :
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TABLE ITa

The Cepheid Photometry (see text)

RR Lac
JDga Phase \Y B-V
2440407 .529 0.753 9..24.5% 1.020
408 .46% 0.899 8.742: 0.83%
512 427 0.517 9.049 1..091 ;
415 .483 0.993 8 444 0.707
417.399 0.292 8.784: 0.909
£21 421 0.919 8.625 0779
524 .511 0.933 8.575 0.748
£22.502 0.087 8.524: 0.777
424 493 0.397 8.882 0.979
444 .399 0.500 9.043 1.079
444 537 0.521 9.085 1.047
Z Lac
JDhel Phase v B-V
2440407 .528 0.719 8.576 1.213
412 424 0.169 8.213 1.093
415.483 0.450 8.695: 1.364:
417.398 0.626 8.788: 1.297
421 . 421 0.995 7.881: 0.845
421 .511 0.00% 7.900 0.851
422 438 0.089 8.156 1.023
£22.502 0.095 8.137: 1.033:
424 493 0.278 8.389 1.210
444 .399 0.106 8.148 1.052
444 536 0.119 1. 044
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Table IIa (continued)

CDh Cyg

1976

571

JDyel Phase Vv B-V
2440412 .351 0,779 9.417 1.574
512 .510 0.788 9.405 1.556:
413 .343 0.837 9.317 1.469
413 .502 0.846 9.288 1. 444
k14 343 0.895 9.231
517,338 0..071 8.426: 1.016:
18 .344% 0.130 8.520: 1.089
418 . 487 0.138 8.551 1.079:
419 .388 0.191 8 625 1.189:
£20.373 0.249 8.711 1.320
£22 384 0.366 8.883: 1.449
24 417 0.%86 9.126: 1.546
43 .336 0.594 9 329: 1.631
k. 356 0.653 9 431:
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IMEPTIARYL>

Eic v naooloay doyaciav magéyovral ta EEayoueva OV pOTONAEXTORMY
napatnofoenv gic tola yoopara (U, B, V) tdv mévre yakatiaxdv xnpeddv CD
Cyg, X, Z, RR Lac »ai U Vul, ai 6xota éEereréodnoay nara ta €tn 1967 -
1970 tij Bondelg 1ol xatomrounol tnheoxomiov diapéroon dvrikeluevinod 38 Ex.
10D ’Actegooxomeiov tod “Aufovoyov tod dyxareotnuévov eig tov ~Actoovouirov
Stadpov Sregaviov Koo diag.

Eni tfi Bdoet tdv 2Eayopévov tovtwy Omeloyicdnoav didgpoga yaguxtnol-
otxd weyEdn TV xeeddy toltov xal gueletidn 1§ ovumeoipooa t@v &v Ay

Gotéomv elg T0 didyoaupa t@v do dewntdv yoduatog (U -B) [/ (B- V).
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*

O *Axadnuainog ». "Tw. ZavBdune, magovcidlowv v dvotéon avaxoi-
voolv, eime to £ETg -

"Exo v iy va wagovoidow gl v CAxadnuiav ta moglopota tdhv
gosvvdv t@v xvoimwv Newoylov *Acteouddov, Avoudyov Maveidov xai *AleEdy-
doov Totovuy, tmo tov tithov «Dotonhextonal magatnofoels eig tola yoduara
tov Nakatiandv Knpelddv».

‘H onuaota t@v xmeelddv oud v pehétny tig doutig tob Nakaklov wag
xal @V Aotdv Gotour@dv ovotnudtov eival med moAA@V EtdV yvworr) xal otnoi-
Cetar xatd xvglov Adyov elg Tv oyéov mov vmdoyel uerall mepddou xal Aapmod-
mrog avt@v. Koata ta televtaio Guwg #n 1) meocoyl tdv dotoovduwy tioytoe
VL oTQEETUL %al g TNV UeAétnv alTol toUtou TOU Qutvouévou Ttiig avamdioews
@V xeed®dv, xadws; xal sig tag uetafolrds tol @aivouévov toltou peTd TOU
r00vov. Obtwg éysvvijdnoav ta £Eflg dvo moofMinata éxl tol mooxewwévov : a) “H
wegiodog tijs wetaforiis tiic Aaumgdtnrog évog xn@eidov magauéver oradeod peto
tol yedvou ; &v qovnuxf O¢ meguntwoer mhg perafdirerar atity ; B) Kara ta
%00vixa dtaoTijuata xatd Td Omola 1) megiodog &vog umpetdov maoauéver oradeon
1] HooQ TS rauTidns @otog 1| yoduaros avrod magapéver dmione oradsod ;

Awa va duvndduey va dravrioompsy eic ta 0o Tadta FowTipara o Groia
elvar Baownils onpaciag dua Ty pelétny 1iic 8Eehifeme By udvov tdV ANPedOV
ala xal TV dAwv dotéowv, motmel va Siadéropey, ug v Pondewav xatak-
Ihov magatmofcewy, axQifeic xal TMjoelc naumilac @oTOC ol KOOUATOS
wolvapiduwy yahablaxdy xn@elddy.

Ot nbotor Bahner x»ai Mavoidng ue tyv Bodeiay poronkextondy nagu-
moncEwv elg dVo yowpata mob éyévovto elg 10 “Actegooromeiov tilg “AideAféo-
yng xata ta €ty 1956 - 1959, xardodwoav va meoodiopicovy Alav dxoifeic xai
el raumilag @otog xal yodpatog 18 v 6o yahatiaxdv xmeeddv. To
gEaydpeva O¢ TV magutnooewv tovtwy dvexowddIncav eic ™y Axadnuiav

Advav xata to £ty 1971 %ol 1o teéyov 1976.
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*Ano tob 1967 Guwg cuveyiodnoov ai eidiwal alral tagatnoioeg V7o tod
%. A. Mavoidov xal t®v cuveoyat®dv Tov eig 10 *Actegooxomneiov Zrepaviov, Ko-
owdiag. Eig 10 *Actepooroneiov tolro miuplonero fyxateotmuévov xatd to £Im
1967 - 1970 &v avaxhaotxov tnheondmov, diauétroov aviixetuevizol 38 éx , mov
avijxev eig 10 “Aocregoonomeiov tol ‘Aufovoyov xai éyonoinomoteito €€ futoelag
1000V U0 T®V doteovouwy tod *Actegooromeiov tov “Aufovgyor foov xai Vo TOL
TEOOMTIXOU TOU Vo v devduvory tol %x. A. Mavoidov "Eoyactnolov INewdarti-
%1 “Actoovouiag tob Iavemotuiov Oeocakovirng. *Ano 1o *lovviov duwg tod
1971 gysateorddn ei; 1o 8v Adyw *Acrtegooronsiov €v véov dvarhaoctixov tnhe-
oxomov, dtauéroov avrixetuevirod 80 éx. meptmov, mov avijxel eig 0 *Eoyaotijglov
[Mewdaitinilc *Aoctgovouiag tod ITavemomuiov Ossoakovixng. To tmreoxdmiov
10010, 10 67otlov eival EEwmAlopévoy e GUyy0oVOV QOTONAEXTOLLOV QOTOUETQOV
%Al QACUATOYQAQOV, eival TO peyalitepov tdv v Aettovoylg ofueoov tnheoxo-
nlov elg 6AdxAinoov ™v Bakxaviuny.

“Ev and ta modra Boevvmuixd mooyodupata to omoie Oe€fydncav xat’
aoyag Ot tob tnheoxomiov tol *Acrtepooxomeiov Tov “Aufodoyov TV 38 £x. nal
gv ouvveyelg O tod tnheoxomiov t@v 80 éx. tob Ilavemistmuiov Occcalovinmg
vniiokev €x véou 6 moadloLoUog ®aTd TO duvatOv TEQLOOGTEQOY AxoIBdV %ol A1
OV RUUTVADY POTOS %al LOOUATOS MOLOUEV@Y 8% TOV YahaElox®dy xn@elddv Tov
glyov moonyovpuévos Tagatnoni) vrd t@v #votwv Bahner xai Maveidov eig “Ai-
dehBéoymv. Al uetonoeig eig tov otaduov Steaviov éyévovio ovyl &ig dvo yow-
wate, Og eiye yiver eic “AideABéoyny, aAL’ el tola yoduara, Sk va xataoty
duvatov va peketndiy xal f ovumeolpood TV Gotéomy ToVTMV €ig TO didyoouuo
v dVo deTdV yoduatog, 1 6mola cuuweQLpood moosedxvel Idiatéome, TO EvOia-
PEQOV TV oLYYEOVODY doToovVAUWY.

Eilg t)v magooav avaroivoolv mapéyovrar ta Eayduevo tdV moQatnol-
oewv tovtwv A D év A un@eldag. Ta 8Eayduevo O talta yonoiwomoloTvTaL
év ouveyelg O TOv Vmohoylouov Siapdomv yaooxTnoleTIvdY ueyeddy TOV %1 peL-
ddv tovtwv wnadog xal due TV uerérmv Tiig ocvumeoipopds adT@V eig TO did-
yoaupa t@v dvo dewt@v yowuatog (U - B) /(B - V).



