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ABSTRACT

Theoretical models have been computed for estimating lin-
eay polarization from the extended dusty outer layers of the
components of close kimry stars wipbse surfaces are distorted
by rotation and tidal effects que to the presence of seconda-
ry. We have assumed plane-parallel layers of the dusty atmo-
spheres of the components. We have employed a wavelength dep-
erdent scattering coefficient, and Rayleigh phase function is
used in solving the equation of radiative transfer. It is no-
ticed that polarization increases with decreasing the wavele-
ngth amd increasing the particle size. Polarization for uni-
form rotation is larger than that for mon-uniform rotation.
Polarization for the single stars is always less than that for
a binary component.

Sabject headings: polarization -~ radiative transfer - stars:
binaries - stars: late-type

INTRODUCT ION

It is well krown that both early and late type stars are
intrinsically polarized. For a long distant star, we measire
intensity integrated over the whole surface. S, the intrins-
ic polarization from a spherical star should lead to zero. The
okservation of large intrinsic polarization from a star means
therefore, that there are large distortions and a symmetries in
it's extended atmosphere. Based on geometry Harrington and
Collins (1968), Collins (1 970) have calculated the intrinsic
polarization of a rapidly rotating early type star, ard on the
theory of Roche equipotential surface Ireland (1967) has pre-
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sented a model of a rapidly rotating star and Peraiah (1969,

1970) has presented that a close binary system. Based on such
geometry and Roche model, Peraiah (1976) hlas calculated lin-
ear polarization of rotating stars. In his paper he has work-
ed on early type close binary stars taking electron and mole-
cular scattering. Similar to this model of early type bimry
stars, we have made in our paper a model of late type bimary
star s.

In this paper we have computed theoretical models to
find polarization from the extemded atmospheres of late type
close binary stars whose surfaces are distorted due to rota-
tion and tidal effects, and the outer layers contain dust
grains (silicate). The models contain several parameters of
(i) wavelength dependent incident light (ii) the size of dust
particle, (iii) the mass-ratio of binmary components, (iv)type
of rotation. The aim of this paper is to see how these para-
meters can change the linear polarization calculated from our
theoretical models of such stars.

In section II we describe the calculation of polariza-
tion.

1L THEORETICAL MODEL S TO COMPUTE L INEAR POLARIZATION OF A
CLOSE BINARY STARS
Let the close bimary system has masses my (primary) and
m, (secondary) where my is more massive. The origin of the

rectangular axes is the centre of the primary, the z-axis the
primary's axis of rotation (cf. Fig.l) and the x-axis the

line joining the centers of the kimary. The equatorial planes
of the components of the binary are assumed to be coincident
with the orbital plane of the system. We consider that the

surfaces of the primary are distorted (f. Fig. 1) due to ro~
tation about it's axis perpemdicular to the equatorial plane
and from the tidal effect due to the secondary of the system.

@) The radius, the surface gravity and the surface element
of the primary star.

From the assumption of the Roche equipotential surface, the
radius of a distorted star is given by Peraiah (1970) as

2

ap’ sin®e + gp> sin?e + (y sinZe+d)p -1 -Q)p+ 1 = 0 (1)

wher e
p = r/rp r is the radial distance of any point P on the
equipotential surface and rp the polar radius}.
8 = colatitude of the point P,
= 112 /65 2 7
a = (fE&x-1)7/6x )(rp/re)
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B= (f&-1)/2x2) & _/r )°
= 2
y = (£/2x )(rp/re)
J =00 sinze cos2 ¢-1)
3
0= /2y (rp/re)

up = fny/m) r /R)]
X = Qe/Qp (the ratio of the angular velocity at the equator
to that at the pole).
. 3
f = - re/Gml

(the ratio of the centrifugal to the gravitational forces
at the equator).

R being the distance between the centers of the masses m

and mq, re/rp (re and r, are the equatorial and the polar
radii) being given by
ws/r ) —ue sr )% - @s2mg = 0 @)
e p e p 1
2 2 2
u = 1+4f &k“4x+1)/6x° + (1/2)u; B cos“p-1) @)

% the ratio p = r/r,, (i.e. the radial distance of a point P

in the units of polag distance) can be calculated from equa~-

tions (@) and (2) for a given set of parameters x,f,8,¢ in

the case of a single star and adding parameters m /m1 and

r./R in the case of the components of a close binary system.
binary stars rotate synchromously, then

_ 3
f = (1+(m2/m1))(re/R) 4)
The total surface gravity g :
g = G /rd){[1-£_(®)sin®e - 230° 1

+ [fr (8) sin® cos@ + 6Qp'3 sin® cosé cosz¢ ]2

+ [36(3296 sine sin2¢ cosz¢]}l/2. (5)
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where
fr (8) = 2Yp3 + 48p5 sin29‘+ 6ap7 Sin49 (6)
The surface element as:
2 .
ds = gr” sin® 4@ d¢/gr (7)

(b) The Radiative Transfer

We assume that the rotational and tidal effects are small
over a sphere of radius a (f. Fig. 1), where a << r_and
this is always set to be the inner radius of the sphgrical
shell (where 1 = T, where 1 is the optical depth at any point
and T is the total optical depth). MNow, we calculate the dis-
tribution of the emergent intensities along the surface. To
find such intensities we shall apply the idea proposed by
Peraiah (1976). According to the idea the specific intensi-
ties I; and I. at any point p(r,8) on the distorted surface

of the star are calculated by solving the equation of trans~
fer in spherical symmetry correspornding to radius r.

The equation of radiative transfer for spherical symmetry can
be written as (Peraiah 1976):

bl e + FEaad e v oe)te,w)
r .
= o)l @)Ibe) + 28 /M pe i 1e,unianr) ®)
-1
and
Il(riU)
Ik, )=
Ir(r,u) (9)

where I, r, ) anmd I r, ) refer respectively to the states of

polarization in which the electric vector vilrates along and
perperdicular to the principal meridian, w (r) the albedo for
single scattering, o the extinction coefficient, b(r) the
source inside the medium and P{r,u,u'), the Rayleigh's phase
function given by
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2(1'1.12)(1'11'2) +11211'2 Ll2
P,u,u') = i- 2
n' 1
Py Gowt) Py, luut)

We shall set w {r) = 1,since we are considering pure scatter-
ing. The total optical depth T is given by

T = Lad , 1)
where
g = nzng;at ' 12)
_ ] 4 2 2 2
Qat = B8/3) 212/)1) (Mm“~1)/ m“+2)) ' (HJLST,1957) (13)

where d is the mumber of dust particles per unit volume, L
the total path length, & the radius of the dust particle, m
the refractive index of the particle, A the wavelength of the
incident light. Theé total path length L has been taken as the
length between the inner radius amd the outer radius of a
star.

(c) The surface Integrated Linear Polarization
Prom equation (9), we have

L W)

Ir(U) |

IQ) = 14)

where I, (W) and I W) (cf. equation (9)) are parallel and

perperd icular components to the electric vector of the emer-
gent intensity at P(,8,¢) (cf. Fig. 2).

Let i,j,k are the unit vectors along x-,y-,z-axes res-
pectively and e r §0’§¢ unit vectors along the r,98,¢ direc-
tions. Then
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e, = 1 sin® cosp + j sinb cosp + k cos® (15)
eg = 1 cos®cosp + j cosé sinp - k sin@ (16)
& = -i sin@ + j cosp Qa7)

Following the idea of Harrington and Collins II (1968), we
take two rotations (cf. Fig. 2). One is rotation of x-y plane
about the z-axis through an angle ' and the other rotation
of x'-z' plane about y' axis through an angle n/2-i, where i
is termed as ecliptic angle. Then :

x"=4icosy' sin i+ j siny' sin i + k cos i, 1s)
y" = -i siny' + j cos ¢' (r9)
z" = -icos y'cosi~-7j siny'cosi +k sin i, (20)

If x" be taken as the line of sight, then the observer
will see the unit vector n projected on the y" - 2" - plane.
Let o denotes the angle between this projection and the z"-
axis. Let £ is a unit vector in the line of sight. Then,

9

18
1=
L]

©L= G Y92t 9 g

or

12
|
]

9, & +94 ¢4 +g¢ g¢).£_/g (21)

the component of n along the line of sight.

Similarly, the components of n along the y"-axis n.y" amnd
along the z"-axis n.z" can be witten. The ratio of the y"

and z" components is the tangent of the angle a:

tan a = (n.y")/ (n.z") (22)

Therefore, the polarization (p) along the line of sight is
given by

f'n/2 fn/2 (
0 1/2
fﬂ/2 fﬂ/Z
0 _-n/2

I.-1 )r2 cos 20 siné(gn. JZ_;)/gr d¢ 46

(1,+1))r? siné(gn.2)/g,_ db a0 (23)
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where the limits of integrations for ¢ and 6 hlmve been taken
for symmetry.

III.  COMPUTATIONAL PROCEDURE

Firstly, we have to find out re/rp from equation (2)
and then p from equation (). To find J:e/rp ard p we have

used Newton~Raphson method. In both cases 1.2 can be taken as
the starting value. Then for each p, we have to solve the
radiative transfer eqation (8) to find I, and I of equation

(9). The inner polar radius of the spherical shell is taken

to be 1012 cm. The medium alove this shell is divided into
200 layers. The equation of transfer is solved by employing
the discrete space theory (Peraiah 1984). From equation (23)
we have calculated polarizations for wavelengths 5000 A to
10000 A for (i) dust particles £ = .02, .025, .03 micron

cf Fig. 3). (ii) mz/m =0, .5, .9 (cf. Fig. 4), (iii)ratio
of the equatorial to t}xe polar angular velocities x = 1,5,
10 (cf. Fig. 5). Other parameters for the figures have been
mentioned in the figures. ¥We lave taken synchromous rotation
of binmaries. For simplicity, we have set ¢© = 0 for all cal-
culations.

v RESULTS AND DISCUSSIONS

We have set 2n€/A less than 0.4, since the equation
(13) for Qscat should be taken for 2m€/X less than .5 (Hilst

1957). For this we have taken small dust particles not great-
er than .03 micron for the wavelengths 5000 A® to 10000 A,
We have taken refractive index of dust particle (silicate)
1.45 and the number density d equal to 4 per c.c. From the
figures 3-5, it is clear that polarization decreases with the
increase of wavelength like molecular scattering (Peraiah196).
This indicates the nature of Rayleigh scattering lut this
nature has been deviated for the dust particle {= .03 micron
in the interval of wavelength 5000 2° to 6500 A° (cf. Fig.3).
This is because the formula for Q a cf. equation (13)) has
mt worked well in the interval £&F %he dust particle .03 mic-
ron or larger than this. In the next work we shall use Shah

(1977)'s programme to find Qs:at that works for any size of

dust particles and for any combination of scatteringand ab-
sorption which are reasonable for the stars of interest.With
increase of particle size (cf. Fig. 3), polarization has in-
creased within the interval of wavelength. This is due to the
fact that larger particles can create the outer layers ard
surfaces of a star more a-symmetry and distorted.
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Fig.1 Distorted surface of the primary star m
with core radius a.
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Fig-3 Peolarization versus wavelength for |= -02p, -025y, -03p (mentioned on the
graph). The other parameters are: x «1, ma/my=-6, Iz /R = 5, m=1.45,y20, {290
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Fig.4 Polarization versus wavelength for ma/m| =0, -5, -3 (mentioned on the graph)
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Fig.5. Polarization versus wavelength for x=1, 5,10 (mentioned on the graph)
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Polarization has increased when mass ratio has incre-
ased (cf. Fig. 4). Polarization, when mz/ml > 0, is greater

than that when mz/ml = 0.This is due to the fact that the

primary component is becoming more asymmetric due to presence
of the secondary component. This is in agreement with Peraiah's
work (1976) for electron scattering. It is noticeable that
uniform rotation & = 1) about it's axis of rotation has the
max imum effect (cf. Fig. 5) on polarization. Polarization for
uniform rotation & = 1) is greater than that for non-uniform
rotation (X > 1). Here we are considering X > 1 i.e. the an-
gular velocity at the equator is always larger than that at
the pole. In our model we have rp <r< ry and this has been
possilkle by taking into account of x>17

We have done this work to see the effects of some par-
ameter s on the polarization by dusty outer envelopes of close
binary system in the line of sight. This theoretical model we
wish to apply in real situations (in late type binaries) in
future. For that case, we have to adjust the parameters, the
size of the particle should be increased (so (2n€/))may be
much greater than 1) and the absorption by dust particle has
to be considered. The medium should be taken mon-uniform.
All these considerations are under study.
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