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ABSTRACT 

On the basis of a frequency analysis of light variations of AR Her a 
double-mode pulsation is proposed as an explanation of the Blazhko 
effect. The analysis revealed a number of components, which can all be 
interpreted as a result of nonlinear superposition of the fundamental 
mode, and a mode with period P = 1/(2/PQ + 1/PB) ~ PQ/2, where Pn= 0*^70 
and Pg = 31.55 denote the fundamental and the Blazhko effect periods, 
respectively. 
The P =i PQ/2 mode can be identified as the second or the third radial 
overtone. In both these cases the "beat" masses derived from a compari
son of the calculated (nonadiabatic) and observed period ratios for RR 
Lyrae variables with Blazhko effect are different from their evolutionary 
masses. 

1. INTRODUCTION 

A number of RR Lyrae variables show so called Blazhko effect. It consists 
in periodic changes of the shape of light and radial velocity curves 
and also of the phases of light and velocity maxima. The Blazhko effect 
periods are typically in the range of 25 - 100 , i.e., about a hundred 
times the pulsation period. A summary of the observations of Blazhko 
effect has been recently provided by Szeidl (1976). 
A number of hypotheses have been advanced in order to explain this 
effect, beginning with the hypothesis of Kluyver (1936) who assumed 
that in addition to the fundamental mode, which is the dominant one in 
RRab variables, a higher radial mode, with the period twice shorter 
than the fundamental, is also excited. None of them, however, was ade
quately supported by either observations or theory. .This applies also 
to the most popular hypothesis, which invokes magnetic field in a rota
ting star and identifies the Blazhko and rotational periods (Detre and 
Szeidl 1973). 
In this situation it seemed worthwhile to investigate frequency spectra 
of RR Lyrae stars which show Blazhko effect. Therefore the author per-
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formed a frequency ana lys i s of the l i g h t v a r i a t i o n s o f AR Her, one of 
the wel l -known s ta rs of t h i s type. The r e s u l t s (Borkowski 1980a) are 
b r i e f l y discussed in the present paper. I t is pointed out tha t Blazhko 
e f f e c t should be i n t e r p r e t e d as r e s u l t i n g from simultaneous e x c i t a t i o n 
o f two normal p u l s a t i o n modes. Furthermore, i t i s shown tha t i n t e r p r e 
t a t i o n in terms of double mode rad ia l pu l sa t i on leads to a mass problem. 

2. DOUBLE MODE PULSATION AS AN EXPLANATION OF THE BLAZHKO EFFECT 

The fundamental per iod o f AR Her is equal t o P. = 0.^70, and the Blazhko 
e f f e c t per iod amounts t o P„ = 31.55, which is ra ther sho r t . As data fo r 
the ana lys is a ser ies of 1 §63 v i sua l observat ions obta ined by Tsessevich' 
on 114 n igh ts in 1 9 ^ (Tsessevich and Ust inov 1953) were se lec ted . The 
t ime i n t e r v a l between the f i r s t and l a s t observat ion amounted to about 
210d. 

m 
0.3 

Q. 

< 
I— 
X 

o 

0.2 

0.1 

Oil 

1>0 

I2<5 

hv=vt 
\ 
\ 

« \ 
1,1 \ 

2.-1 

2,0 

2.1 

V 
3.-1 

3,0 
V 

3,1 

II 

AR Her 

P0 = 0 4 7 0 

PB=31.55 
m 

std.dev.=0.14 

Viv° + jVa 

to 4'1 

%-i 

V 
5,0| 

5,1 n/ 

n̂ ft. •i it 1 w 
7,1 

4 6 8 10 12 14 16 
FREQUENCY c/d 

Figure 1. Frequency spectrum of AR Her. Vertical bar corre
sponds to twice the mean square error of the amplitudes. In 
order to avoid crowding, lines corresponding to closely spaced 
frequencies like 2vr,and 2vn + vR are plotted with the sepa
rations increased about 15 times. 
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Frequency analysis of Tsessevich's data revealed a number of components 
hidden in the light variation. Frequencies of all components turned out 
to be of the form iv.+ ju, where vn = 1/Pn and vR = 1/PR denote the 
fundamental and theT31azn1<o effect frequencies, respectively. The com
ponent light amplitudes are plotted as a function of frequency in Fig.l. 
The solution corresponding to the frequency spectrum shown in Fig.l 
fits the data fairly well: the standard deviation amounts to 0.14 which 
is only slightly larger than the accuracy of a single visual observa
tion. 

The frequency spectrum of AR Her can be most naturally explained as 
follows (see Fig.2). Two pulsation modes, with the periods in the ratio 
very close to 1:2, are simultaneously excited. AR Her pulsates in the 
fundamental mode the period of which is equal to 0.470. Strong excita
tion of this mode explains why components with frequencies v., 2v_, 
3vn, etc., are present in the frequency spectrum. The eigenfrequency of 
the second mode is slightly larger than 2vn viz., it is equal to 
2v„ + v_, and the corresponding period is 0.233- Due to the 2:1 commen-
surability the two modes excited in AR Her are in resonance. This in
terpretation is reminiscent of the above-mentioned hypothesis of Kluyver 
(1936). 
As in the case of double mode pulsators nonlinear superposition of the 
pulsation modes is seen in AR Her. The first order nonlinear superposi
tion terms, with frequencies equal to v - v- and v + v., the second 
order 2vn + v and v - 2VQ terms, and many other of higher order are 
present in the frequency spectrum. It is possible to interpret all com
ponents found in the light variation of AR Her as resulting from non
linear superposition of the pulsation modes. Consistent with this in
terpretation of the Blazhko effect is the fact that higher order compo
nents have, as a rule, lower amplitudes. However, due to resonant ef
fects the exact relation between amplitudes and the order of nonlinear 
superposition does not hold. In particular, the resonant components 
whose frequencies are very close to the strongly excited fundamental, 
i.e., the v - v. and 3vn - v terms, have slightly larger amplitudes 
than one would expect from their order. 

The small value of the frequency vR = v - 2vn, strong nonlinear mode 
superposition, and resonance effects make the beat phenomenon caused by 
the simultaneous excitation of the two pulsation modes the most conspic-
uos feature of the light variation of AR Her. This explains why the 
Blazhko effect has been so often considered as modulation with the beat 
frequency equal to vR. 

3. THE MASS DISCREPANCY 

A question arises what is the pulsation mode, radial or nonradial, which 
corresponds to the v = 2vn + vR component. It can be assumed, as the 
simplest possibility, that a radial overtone is involved. In order to 
find out which of the radial overtones would be the most appropriate 
one, nonadiabatic periods were calculated for the fundamental mode, 
second overtone and third overtone using RR Lyrae models in the center 
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Figure 2. Interpretation of the frequency spectrum of AR Her. 
Thick solid lines denote excited modes while thin dashed lines 
indicate resonant components. The important 2vn component is 
drawn by thick dashed line. Vertical bar corresponds to twice 
the mean square error of the amplitudes. 

of the instability strip. They had the standard population II composi
tion X = 0.7 and Z = 0.001. The results are shown in Fig.3 where the 
period ratio is plotted as a function of logarithm of the fundamental 
per iod. 
Together with the second and the third overtone theoretical lines of 
constant mass the observational data (circles) are also shown. The pe
riods were taken from Szeidl (1976) for 26 field variables, and from 
Goranskij (1976) and JszSrgensen (1980) for four globular cluster varia
bles. However, except for the J^rgensen's variables, only the Blazhko 
effect periods are known for the other stars instead of the v mode peri
ods. This gives rise to an ambiguity in the period of the v mode since 
two its values, viz., 1/(2/PQ + 1/Pg) and 1/(2/P - 1/Pg), are possible. 
Nevertheless, the author (Borkowski 1980b) has been able to determine 
the correct periods for some variables using observed phase relations 
between the times and heights of the light maxima. Independently, the v 
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Figure 3. Theoretical (lines) and observed (circles) period 
ratios of RR Lyrae stars. 

mode periods of two of these variables were found by Walraven (1955) 
for RR Lyr and the author (Borkowski 1980a, see also Chapter 2) for AR 
Her by means of detailed analyses of their light variations. In Fig.3 
variables for which the period of the v mode is known are shown with 
large circles while small circles indicate those stars for which only 
the Blazhko effect period has been determined. In the latter case two 
small circles corresponding to two possible periods of the v mode are 
plotted for each variable. Filled circles denote globular cluster va
riables. 

https://doi.org/10.1017/S0252921100082002 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100082002


516 K. J. BORKOWSKI 

A comparison of the observed and theoretical period ratios makes it 
possible to determine masses of the RR Lyrae stars with Blazhko effect. 
As can be seen from Fig.3 these so called "beat" masses are lower than 
0.2 M if the second overtone is identified with the v mode, or are in 
the ranqe from 0.7 to at least 1.1 M if the third overtone is assumed. 

0 

In both these cases they differ from the 0.5 - 0.7 M evolutionary masses 
of the RR Lyrae variables. The "beat" masses are unrealistica11y small 
for the second overtone hypothesis, and slightly too large if the third 
overtone were assumed. As is well known, similar discrepancy occurs also 
for the double mode and bump Cepheids, viz., their evolutionary masses 
are much larger than those derived by means of pulsation theory (cf. 
review articles by Cox (1980) and Stobie (1980)). The mass problem is 
thus common to both Cepheids and RR Lyrae variables with Blazhko effect. 
Because of the mass discrepancy it cannot be definitely decided at pre
sent whether the second or the third overtone is excited in variables 
with Blazhko effect. However, both Cepheid and RR Lyrae mass problems 
are identical, i.e., masses derived by means of pulsation theory are 
lower than the evolutionary ones, only when the second overtone hypothe
sis is assumed. This suggests that the second overtone should be iden
tified with the v mode. 

Undertaking the above research was suggested by Dr. M.Jerzykiewicz 
which I gratefully acknowledge. I am also indebted to Dr. W.Dziembowski 
for supplying the models and pulsation programme and for many invaluable 
discussions. Finally, I wish to thank Dr. H.E.J^rgensen who provided me 
with his unpublished results. 
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DISCUSSION 

SIMON: I'm happy to hear about this work. I don't like it that the 
RR Lyrae stars are so well understood. How good do you match the light 
curve for these stars executing the Blashko effect? 
JERZYKIEWICZ: All we can do is to analyze just one season's observa

tions. This is the main problem, because the Blashko effect is not 
constant. It changes from one season to another. It may be related 
somehow to the interior structure, semiconvection, or something like 
that. Period changes are very common in RR Lyrae stars and long term 
period changes complicate the Blashko effect. 

SIMON: Did you pick the light curve at a given epoch? 
JERZYKIEWICZ: Borkowski used only one season's observations, hoping 

the Blashko effect would not change in that one season. There must be 
some other phenomena going on which make it impossible to do a periodo-
gram analysis from a very long data set. 
FITCH: Didn't Walraven have some data? 
JERZYKIEWICZ: I don't think so. You need data from a single season, 

say 30 nights, and that is difficult to find. We plan to observe these 
stars, but it is, you know, a long process. 
PERCY: What fraction of all the RR Lyrae stars show this effect? 
FITCH: My guess, not having looked up the numbers, is the order of 

1/3. Maybe that's too high. 
JERZYKIEWICZ: Maybe 20%. 
PERCY: It seems that too many stars show such an exact coincidence o 

resonance. If all the stars have roughly the same mass, you would ex
pect the Blashko effect to occur at roughly the same period. There 
would be an intersection at only one point in your diagram. 

JERZYKIEWICZ: Why should all the masses be exactly the same? 
PERCY: I guess they don't have to be, but the range is rather large. 
JERZYKIEWICZ: Yes. That's true. 
COGAN: If you look at theoretical models the effective mean polytrop 

ic index primarily determines the period ratio. Even if these stars 
have a modest range in mass Te, and luminosity they are basically all 
the same in terms of envelope structure. Period ratios will always be 
quite close together. 
JERZYKIEWICZ: We have used only one composition, population II. 

These stars have a range of composition. Does that influence the perio 
ratio? 

COGAN: Very little. 
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