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ABSTRACT 

Quasi-simultaneous photometric and polarimetric observations of 
T Tau and RY Tau show that the proper polarization of these stars 
arises in the visual region in their gaseous emitting envelopes. The 
polarization of T Tau shows cyclic variations with a period of 5l?18. 
That of RY has two different modes of variation at brightnesses 
V > llm and V < llm; it is possibly connected with the suspected binary 
nature of this star. 

INTRODUCTION 

The nature of the polarization of T Tau type stars is subject to 
many controversies. Brager (1974) suggests scattering by dust 
particles, while Strom (1977) thinks scattering by electrons to be 
more acceptable. Abuladze et al., (1975) point out the difficulty 
of explaining the polarization variations at constant brightness of 
T and RY Tau in the frame of the dust cloud hypothesis. 

Wavelength dependent linear polarization in the range 3560 to 
8410 A and in the narrow Hot interference filter region was observed 
by Bastien and Landstreet (1980) for T and RY Tau and V 866 Sco. They 
showed the polarization to originate in extended circumstellar dust 
envelopes. The considerable change of the wavelength dependent shape 
is explained as a result of changing dust particle dimensions. 

The observations of linear polarization of RY Tau enabled 
Efimov (1980) to conclude that the star has a flattened gas and dust 
envelope. Efimov connects the wavelength dependent variation wisth the 
prevalence of Thomson scattering by electrons at a low brightness of 
the star. 

Hough et al. (1981) found a considerable linear polarization in 
all six T Tau type stars investigated by them in the IR range 0.44 -
2.2 ̂ A-m. T Tau (and possibly SU Aur) showed at 2.2 ** m, a change of 
the polarization plane orientation by 90°. The polarization spectrum 
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of T Tau is flattened, the mean degree of polarization P being about 
1%. P drops to zero at 1.6 ^ m and then grows to 0.6% at 2.2 /u.m. 
To interpret the T Tau polarization in the optical region, Hough et al. 
(1981) involve small silicate grains with dimensions <0.1>uim; an 
admixture of large particles ( > 1.0yu.m) helps to explain the IR 
polarization. The polarization vectors of particles of these two kinds 
are orthogonal, and so the inversion of the polarization sign should 
occur at some intermediate wavelength. 

The peculiar behavior of RY Tau is explained by Nurmanova (1981) 
on the basis of her photometric and polarimetric observations as a 
consequence of the duplicity of this star. 

The discrepancy in the interpretation of T Tau star polarization 
is perhaps due to the fact that most authors ignore the interstellar 
polarization. 

PROPER POLARIZATION OF T TAU 

To analyze our T TAU observations in the visual region (Red'kina 
et al., 1981) and the results obtained by other authors (Vardanian, 
1964 ; Abuladze et al., 1975; Efimov, 1980), we took the effects of 
interstellar polarization into account, following Vardanian (1964) and 
Efimov (1980). T Tau shows seasonal variations of its proper polar
ization from 0.5% to 1.7% at almost constant light in V. Reciprocal 
correlations between long-term (several years) variations of the 
polarization and brightness predicted by the dust hypothesis, were 
not revealed. 

The analysis of our simultaneous photometric and polarimetric 
observations of T Tau showed a direct correlation of the proper polar
ization Pv with the intensity in Hot , and a weak correlation with the 
brightness in V (Fig. la), indicating a connection of the polarization 
of the star with its gaseous emission envelope. 

Such peculiarities as the direct correlation between Pv and the 
intensity in HOL, the absence of a correlation with the brightness in 
V and the essentially flat polarization spectrum of T Tau could hard
ly be explained by two kinds of scattering particles ( C o.l ^ m and 
y 1 yu-m) in a dusty stellar envelope (Hough et al., 1981). It seems 

more realistic to suggest that at A < 1-6 w-m, the polarization is 
due to scattering in the gaseous emissive shell. At the envelope 
regions where the Thomson scattering cross-section is greater than the 
braking radiation cross-section, the polarization spectrum does not 
depend on A. . The depression in the polarization spectrum at 
<^1.6 i*.m is due to the enhanced braking absorption in the gas 
envelope. 

The peculiarities of the T Tau polarization listed can be ex
plained by radiation scattering in a magnetized optically thin region 
of the gaseous envelope of the star. The proper polarization is 
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Fig. 1 a) Interrelation between the proper polarization Pv, Hot 
intensity (relative to the Ho<- intensity of the comparison 
star "c" in Abuladze et al., 1975) and V-brightness for 
T Tau. 
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b) Presentation of T Tau polarized light I in the V band 
(relative to the light of the comparison star "c" in 
Abuladze et al., 1975) as a periodic function with 
' periods P=5h18 (open circles) or P̂  = P/2 (filled circles) 
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determined in this case by the depolarization factor c) which 
according to the magnetic active plasma theory is determined by the 
formula (Dolginov et al., 1979): 

J r 1 H f i > J /^ (i) 
<S = 7.93.107 X2 • B 

where B is the magnetic field strength; /*• = cos ̂  with "v*" the angle 
between the normal to the surface of the medium and the direction of 
the magnetic field; H ( /*• ) and *f ( /*- ) are the generalized 
Ambartsumian-Chandrasekhar functions; P is the linear polarization. 
The maximal (1.6%) and minimal (0.5%) values of P correspond at 
/*-= 0.1 to dT = 42.52 and 143.81 and B=174 and 520 gauss, respect
ively. The magnetic fields can also have greater strengths since 
J1 -*> Do when k*. —> 0. 

The position angle of the polarization plane Q remains 
practically unchanged in the visual region. This is shown by our 
1979 and 1980 observations as well as by those of other authors 
(Efimov, 1980; Abuladze et al., 1975) and by the polarization spectrum 
from 0.44 to 1.6 /*.m (Hough et al., 1981). The symmetry axis of the 
scattering system of the star is supposed to remain fixed in space. 

T Tau has possibly a disk-like gas and dust envelope. The jump 
of the position angle at 2.2 /Jem occurs most probably at the boundary 
between the two envelopes. This conclusion is supported by the in
tensity distribution of T Tau (Rydgren et al., 1976), where the & 
considered ( A = 2.2 ara) is the mean of the radiation wavelength of 
the gas (free-free transition) and that of the dust envelope. The 
geometry of the system is as follows: the electric field vector of 
the scattered optical radiation vibrates perpendicular to the sym
metry axis of the shell, the electric field vector of the IR radiation 
vibrates along the symmetry axis. 

Goetz and Wenzel (1970) detected short period changes of the 
spectral type of T Tau with a period of 5^18. When analyzing our own 
observations we found an analogous period for the amount of 
polarized light In. The conversion of the proper polarization Pv to 
In was made using the formula: 

i n ( v ) = p ( f) • i 0 ( r) • io2 , C23 

where f is the phase, I is the light intensity. 

The corresponding brightness in U varies in opposite phases 
relative to the In ( f ) curve. Fig- 2 shows the possible existence 
of vibrations with a period two times shorter than 5.18. 
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Fig. 2 RY Tau proper polarization as a function of brightness in 
U (a) and V(b). RY Tau polarized light amount I (relative 
to the light Ic of the comparison star "f" in Zaitseva 
et al., 1974) as a function of V-brightness (c). 
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The following interesting peculiarity should be noticed; I has 
its maximum at ¥ = 0.8 possibly indicating an inhomogenity of the 
temperature distribution over the disk of the star. A proof of this 
through more extensive observations is desirable. 

The cyclic variation of physical characteristics of T Tau stars 
is supported by the recent work by Worden et al., (1981). The analysis 
of observations in the U band showed the flares of T Tau stars to be 
a superposition of many solar-like flares. These flares are more 
frequent and more powerful (in separate cases up to 10-* times) than 
solar flares. The index of the flare activity (? (*-f-r , where f is 
the frequency) changes considerably, and a variable flare activity 
resembling the solar cycles is possible. 

PROPER POLARIZATION OF RY TAU 

RY Tau possesses, in the region studied (V=10.68 4-11.4), two 
different types of Pv -V dependency, the critical brightness level 
being *»'llm. At V >llm (Fig. 2 a,b) Pv increases with increasing 
V and U. The position angle ©lies between 3° and 59°. The amplitude 
of the brightness variation grows towards the red end of the spectrum. 
At V < llm, the Pv -V and Pv -U relations become undefined. The 
position angle varies between 119° and 153°. The amplitude of the 
brightness variation grows towards the blue spectral region. The 
whole relation considered has a loop-like appearance (Fig. 2 a,h,c). 
This implies different polarization mechanisms at the minimal and 
maximal brightness levels, corresponding to different physical states 
of the star. 

Wenzel (1970) suggested RY Tau to have an IR source associated 
with the dust envelope. Its radiation maximum lies near 1 ju. m and 
its short wavelength wing is seen in the optical region. 

Nurmanova (1981) thinks RY Tau to be an eclipsing binary system. 
This suggestion explains the different properties of RY Tau at 
V > llm and V < llm, including different dependencies between U and 
V (Nurmanova, 1981), between the intensity in Hot and the color index 
U-B at V=l0m5 and V=llm (Zaitseva et al., 1974); different polar
ization mechanisms at different brightness levels; changes of the 
wavelength dependency. 

SUMMARY 

On the basis of our investigations we conclude that the optical 
radiation polarization of T Tau and RY Tau arises in the gaseous 
emissive envelopes of these stars due to radiation scattering on free 
electrons. Further simultaneous photoelectric and polarimetric 
observations would be of value to confirm the cyclical behavior of the 
flare activity of T Tau type stars. 
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The peculiar change of the proper polarization and brightness 
of RY Tau suggests the binary nature of this star. 
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