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ABSTRACT. The shapes of light curves of
Mira-type variable stars is analyzed. It is
shown that some features of the light curves
may be explained by passage of shock waves in
the stars’ atmospheres. In particular, it is no-
ted that "steps” of the ascending branches of
the light curves have very similar durations (of
the order of 0.1 stellar period) for a big number
of miras. This time span is just approximately
the time of propagation of shock waves through
stars’ atmospheres. The numerical simulation
of shock wave propagation support the above
suggestion and yield time scales that fit the ob-
served light curve features.
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For long-period variables, the shape of light
curves is determined to a considerable extent
by influence of shock waves, which propagate
in the star’s atmosphere and in the inner lay-
ers of the circumstellar envelope during each

to an increase of temperature of the photosphe-
ric layers that are responsible for the stellar
continuum in the visual. .

In order to investigate the influence of shock
waves on the light curves, we constructed a
numerical model of propagation of a shock in
mira’s atmosphere. We accounted for the ef-
fects of ionization of gas and for dissociation
of molecular hydrogen on the shock front. We
assumed the shock to be spherical. The initial
radius was ~ 3 - 10" c¢cm. Then, with a fi-
xed step in time (10°-10°% s}, we computed the
gas physical parameters for the current shock
radius. According to Willson {1976), we assu-
med that the shock velocity falls with growing
radius as D = Dy(rg/r)™; from empirical data,
a = 1. Here D is the current shock velocity,
Dy — 1ts initial value at r = ry. We varied Dy
between 20 and 100km s~t. We assumed also
the postshock ionization and dissociation to be
determined by Saha—type equations.

We solved by the iteralion method the sy-
stem of equations for the quantities

cycle of the stellar variability. Of interest
are also some peculiarities of the light curves:
"humps”, *steps” on the ascending branch and
~ as an extreme case — double maxima. It
can be said that the "normal”, stable state of
a long-period variable is the minimum light,
whereas the shock waves, caused by stellar pul-
sations, move the star from this state to the
"excited” state, which is connected with the
light maximum. The increase of brightness in
the visible and infrared is in the first turn due
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where ¢ is the energy spent for ionization
and dissociation, M is the Mach number, ¥
- the adiabatic index, g ~ the molecular we-
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Table 1: Characteristics of individual stars. Notes: Gr. — group of periods {I1- P < 2009; 11 - 200 < P < 300%;
II-300¢ < P <400, IV-P> 4009); f - asymmetry of the light curve; T - duration of the hump; ® - the
period was redetermined.
Star P, days Gr. Sp. (latest) ~ f Ig (T/P) T/P 1glAP/P]
R Hor  407.6 IV M8ell-III 040 —0.844 0.1431

U Aur  408.09 IV M9e 0.39 —0.845  0.1429
SScl 36257 1II M9e(Tc) 048 —1.002 0.0996
VCyg 42127 IV Clde 0.46 —1.005 0.0989
SCep 50238 IV CT.ie 0.55 —0.864 0.1369 —1.498’
T Cep 388.14 I MB8Se 0.5¢ —0.915 0.1217
R Cas 443.88 IV Ml0e 040 —1.111 - 0.0774 —1.506'
W Peg 3455 Il Mse 046 —0919  0.1206
RU Tau 5446 IV M6.5 0.62 —0.845 0.1428
VCam 503.16 IV MTe 0.31 —-0.973 0.1063 —1.433
x Cyg 42154 IV S10.4e(MS) 041 —1.167 0.0681
RAur 44810 IV M9.5e 0.51 —0.874 0.1336 —1.686
Y Cep 32257 III M8.2 0.40 —1.124  0.0752
W And  399.24 Il MI0(S9.2¢) 0.42 —0.923 0.1193 ~2.076'
oCet 33347 TII M9e 0.38 —1.036 0.0921 —2.347'
RR Cep 384.18 III MS.8¢ 0.41 —0.862 0.1374
RT Oph 42634 IV M7¢(C) 0.36 —1.107 0.0782
U Her 41569 IV M9.5e 040 -1.019 0.0958 -1.627
NP Her 448 IV C6.3e 0.5 —1.003 0.0992
RU Her 484.83 IV M9 0.43 —0.941  0.1146
USer 23750 1I Mée 0.48 —0.591  0.2563
W Cas 41798 IV Cl.le 046 —0.891 0.1286  ~1.444'
T Phe 281.79 il M5e 037 —0.973  0.1065
R Cam 27022 II S8.7e 045 —0.727 0.1876
RS Her 219.70 II Ms: 0.47 0919  0.1206
VZ Cas 16924 1 Ms3e 0.46 —0.985 0.1034
RS UMa 258.97 II Mée 0.42 —1.178 0.0664
RVir 14595 1 M85e(lII) 0.50 —1.204 0.0625 —2.678
TU And 31836 III Mbe 048 —1.140 0.0725 -—2.301
RLeo 31367 III M95elll 043 —1.307 0.0493 —1.921'
UCMi 42203 IV Mde 0.52 —0.768 0.1707 —1.706'
X Cas 44194 IV C5.de 0.55 —0.658 0.2200 —1.345'
T Cas 46535 IV M9.0e 056 —0.894 0.1275 —1.336'
R-UMa—30153—HIF—M9%e 038 1342 0.0455 —3.52%
T Cam 374.80 Il S8.5e 047 —1.135 00732 —2.367
TUMi 31674 T Mée 0.45 —1.313 00486 —1.281'
SUmi 22587 II S5.9e 0.47 0.2117
R Aqr 386.96 III MS.5 0.42 0.1236
X UMa 249.04 11 Mde 0.43 0.0524
SLeo 190.16 1 Mée: 0.47 0.1829
TLyn 4060 IV C7.le(NOe) 047 0.1071
ULyn 4336 IV M9.5e 0.42 0.1604

SZ Aur 45404 1V MSe 0.46 0.2394
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Figure 1: The smoothed light curves of some Mira—type stars with periods 300¢ < P < 400%. The observations
were obtained by the AAVSO members (Mattei et al. 1978}, For approximation we have used a program

FOUR-N by Andronov {1834) which determines a least squares fit with diflerent number of harmonics.
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Table 1 {continued)

Star P, days Gr. Sp. (latest) f lg(T/P) TJ/P 1g[AP/P]
V Del 533.51 IV Mée 0.42 0.0978
U Ari  371.13 III  M9.5e 0.40 0.1172
SCMi 33294 IIT Mge 0.49 0.1045
RCVn 32853 III Moe 0.46 0.1191
RLMi 37219 1II M9.0e(Tc:) 0.41 0.0935
Ul gromaree T AR AR loses its capacity to heat the gas to tempe-
a, N " : T ;
g 4 rature that is sufficient for ionization. This
B~ - 4 . )
. 1 time span is on the average about 1 month
" 1 (from 20 to 35 days). This value is close to
i L . _ 1 the duration of "humps” and "steps” on the
g' - ®, W= ;] ascending branches of miras’ light curves. The
3 . * 7 subsequent growth of brightness is going on as
i o, . » | if by inertia, at the expense of the growing vo-
o o8B, 8o °* lume of the expanding heated gas. It should be
Soap ¢  oar 87 1 stressed that the relative duration of the noted
_§ X * 8, e 1 features, expressed in fractions of the light pe-
[ . e * 1 riod, is notably constant for different stars: it
£ ] is, on the average, ~ 0.1.
Lo L e L ] The figures present sample light curves and
9.2 0.35 045 055 065 some statistical regularities, which imply the
asymmetry f=(M-m)/p plausibility of the suggested interpretation of

Figure 2: The relationship ”duration of the hump -
asymmetry”. NP Her is not included.

ight. Subscripts 1 and 2 refer to the pre- and
postshock gas parameters respectively. De-
tailed expressions for the quantities, entering
the above formulae, can be found in Klimis-
hin (1984). The calculations stopped when the
postshock degree of ionization fell to a value
a = Ny+ /[Ny < 0.001. As a byproduct, we got
also the intensity of the free—free emission of

the light curves. The table lists the stars used
in the statistics.
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