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ABSTRACT 

T h e o r e t i c a l mode l s have been computed fo r e s t i m a t i n g l i n 
ear p o l a r i z a t i o n from t h e extended d u s t y o u t e r l a y e r s of t h e 
components of c l o s e b i n a r y s t a r s whose s u r f a c e s a r e d i s t o r t e d 
by r o t a t i o n and t i d a l e f f e c t s d u e t o t h e p r e s e n c e of s econda 
r y . We have assumed p l a n e - p a r a 11 e l l a y e r s of t h e d u s t y a t m o 
s p h e r e s of t h e componen t s . We have employed a wavelength d e p 
endent s c a t t e r i n g c o e f f i c i e n t , and R a y l e i g h phase f u n c t i o n i s 
used i n so lv ing t h e e q u a t i o n of r a d i a t i v e t r a n s f e r . I t i s n o 
t i c e d t h a t p o l a r i z a t i o n i n c r e a s e s w i th d e c r e a s i n g t h e wave l e 
n g t h and i n c r e a s i n g t h e p a r t i c l e s i z e . I b l a r i z a t i o n fo r u n i 
form r o t a t i o n i s l a r g e r t h a n t h a t f o r non-uniform r o t a t i o n . 
I b l a r i z a t i o n f o r t h e s i n g l e s t a r s i s a l w a y s l e s s t h a n t h a t for 
a b i n a r y component . 

Subject h e a d i n g s : p o l a r i z a t i o n - r a d i a t i v e t r a n s f e r - s t a r s : 
b i n a r i e s - s t a r s : l a t e - t y p e 

INTRODUCTION 

I t i s wel l known t h a t bo th e a r l y and l a t e t y p e s t a r s a r e 
i n t r i n s i c a l l y p o l a r i z e d . For a long d i s t a n t s t a r , we measure 
i n t e n s i t y i n t e g r a t e d ove r t h e whole s u r f a c e . So, t h e i n t r i n s 
ic p o l a r i z a t i o n from a s p h e r i c a l s t a r should l e a d t o z e r o . The 
o b s e r v a t i o n of l a r g e i n t r i n s i c p o l a r i z a t i o n from a s t a r means 
t h e r e f o r e , t h a t t h e r e a r e l a r g e d i s t o r t i o n s and a s y m m e t r i e s i n 
i t ' s extended a t m o s p h e r e . Eased on geometry H a r r i n g t o n and 
C o l l i n s (1968), C o l l i n s 0.970) have c a l c u l a t e d t h e i n t r i n s i c 
p o l a r i z a t i o n of a r a p i d l y r o t a t i n g e a r l y t y p e s t a r , and on t h e 
t h e o r y of Roche e q u i p o t e n t i a l s u r f a c e I r e l a n d (1967) has p r e -
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sented a model of a r a p i d l y r o t a t i n g star and Peraiah (196 9, 
1970) has presented t h a t a c lose binary system, tesed on such 
geometry and Roche model, Peraiah (197 6) has ca lcu la ted l i n 
ear po l a r i z a t i on of r o t a t i n g s t a r s . In h i s paper he has work
ed on ea r ly type c lose binary s t a r s taking e lec t ron and mole
cular s c a t t e r i n g . Similar to t h i s model of ea r ly type binary 
s t a r s , we have made in our paper a model of l a t e type binary 
s t a r s . 

In t h i s paper we have computed t h e o r e t i c a l models to 
find po l a r i za t i on from the extended atmospheres of l a t e type 
c lo se binary s t a r s whose surfaces a r e d i s t o r t e d due to r o t a 
t ion and t i d a l e f fec t s , and the outer l a y e r s con ta in dus t 
g r a in s ( s i l i c a t e ) . The models conta in several parameters of 
(i) wavelength dependent incident l i g h t ( i i ) the s ize of dus t 

p a r t i c l e , ( i i i ) the mass - ra t io of binary components, (iv)type 
of r o t a t i o n . The aim of t h i s paper i s to see how these pa ra 
meters can change the l inea r p o l a r i z a t i o n ca lcu la ted from our 
t heo re t i c a l models of such s t a r s . 

In sect ion I I we desc r ibe the c a l c u l a t i o n of p o l a r i z a 
t i o n . 

I I - THEORETICAL MODELS TO COMPUTE LINEAR POLARIZATION OF A 
CLOSE BINARY STARS 

Let the c lo se binary system has masses m, (primary) and 

m2 (secondary) where m, i s more massive. The o r i g i n of the 
rec tangular axes i s the cen t r e of the primary, the z - a x i s the 
pr imary ' s a x i s of r o t a t i o n (cf. F i g . l ) and the x - a x i s the 
l i n e jo ining the c e n t e r s of the binary. The equator ia l p lanes 
of the components of the binary a r e assumed to be coincident 
with the o r b i t a l plane of the system. tfe consider t h a t the 
surfaces of the primary a re d i s t o r t e d (cf. F ig . 1) due to r o 
t a t i o n about i t ' s a x i s perpendicular to the equator ia l plane 
and from the t i d a l e f fec t due to the secondary of the system. 

(a) The r a d i u s , the surface g r a v i t y and the surface element 
of the primary s t a r . 
From the assumption of the Roche equipoten t ia l surface, the 
r ad ius of a d i s t o r t e d s tar i s given by Peraiah (197 0) a s 

ap? sin6© + 6p5 sin4& + (y s in29+J)p3 - a -Q)p+ 1 = 0 (1) 
where 

p = r / r (r i s the r a d i a l d i s t ance of any point P on the 
equipotent ia l surface and r the polar r a d i u s ) . 
© = c o l a t i t u d e of the point P, 
a = (f ( x - l ) 2 / 6x 2 ) (r / r )7 
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e = (f (x - l ) /2x 2 ) ( r p / r e ) 5 

Y = (f/2x2) ( r p / r e ) 5 

J = QD sin2© cos 2 <(>-l) 

Q = (1/2 ) P l t p / r e ) 3 

wl = <i;t>2//ml' ^ e ^ R ^ 

x = fi /ft (the r a t i o of the angular v e l o c i t y a t the equator 

to t h a t a t the p o l e ) . 

f = S? r 3 / ^ 
(the r a t i o of the cen t r i fuga l to the g r a v i t a t i o n a l fo rces 

a t the equator ) . 
R being the d i s t a n c e between the c e n t e r s of the masses m-
and nu , r / r (r and "' ^--*~- -. . . __,. 

i e p e 
r a d i i ) being given by 

and nu , r / r (r and r a re the equator ia l and the polar i e p e p ^ c 

( r e / r p ) 3 - u ( r e / r p ) 2 - ( 1 / 2 ) ^ = 0 (2) 

u = 1+f (x24x+l)/6x2 + a / 2 ) n 1 G cos2(|>-l) (3) 

3D the r a t i o p = r / r ( i . e . t he r a d i a l d i s t ance of a point P 
in the u n i t s of polar d i s t ance ) can be ca lcula ted from equa
t i o n s Q.) and (2) for a given se t of parameters x,f,©,<(> in 
the case of a s ing le s ta r and adding parameters m2/m, and 
rp/R in the case of the components of a c lose binary system. 
If binary s t a r s r o t a t e synchronously, then 

f = a+h2/m1)) ( r e /R) 3 (4) 

The t o t a l surface g r a v i t y g" : 

g = ( G n ^ / r ^ U l - ^ (©)sin2© - 2Jp3 ] 2 

+ [f r (©) sin© cos6 + 6Qp
3 sin© cos© cos <t> ] 

+ [3 6Q2p6 sin2© sin2<{. c o s 2 * ] } 1 / 2 . (5) 

173 

https://doi.org/10.1017/S0252921100066045 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100066045


where 

fr (6) = 2YP" + 4BP" 
• 2-sin 8 6ap s in & (6) 

The surface element a s : 

d s = gr sin6 d& d<(i/g (7) 

(b) The Radiat ive Transfer 

We assume tha t the r o t a t i o n a l and t i d a l e f f ec t s a r e small 
over a sphere of r a d i u s a (cf. F ig . 1 ) , where a << r and 
t h i s i s always set to be the inner r a d i u s of the spherical 
shel l (where T = T, where x i s the o p t i c a l depth a t any poin t 
and T i s the t o t a l o p t i c a l d e p t h ) . Nbw, we c a l c u l a t e the d i s 
t r i b u t i o n of the emergent i n t e n s i t i e s along the surface . To 
find such i n t e n s i t i e s we shal l apply the idea proposed by 
Peraiah (1976). According to the idea the specif ic i n t e n s i 
t i e s I, and I a t any poin t p ( r , 6 ) on the d i s t o r t e d surface 
of the s ta r a r e ca lcu la ted by solving the equation of t r a n s 
fer in spherical symmetry corresponding to r a d i u s r . 
The equation of r a d i a t i v e t r ans fe r for spherical symmetry can 
be wr i t ten a s (Peraiah 1976): 

±j | p { r 2 i ( r , u ) ) + J-g— { ( l -y 2 ) I ( r ,M)} + o ( r ) I t r , y ) 

= o(r){[l-co ( r ) ]b ( r ) + M-^- f+1 P (r,y,u ' ) I (r,u • )dp '} (8) 
z -1 

and 

Iter ) = 

\ Cr,u) 

I r ( r ,u) (9) 

where I, (r, ) and I (r, ) r e fe r r e s p e c t i v e l y to the s t a t e s of 
po la r i za t ion in which the e l e c t r i c vector v i b r a t e s along and 
perpendicular to the p r inc ipa l meridian, u (r) the albedo for 
single s ca t t e r i ng , a the ex t inc t ion c o e f f i c i e n t , b (r) the 
source ins ide the medium and P ( r , u , y ' ) , the Rayle igh ' s phase 
function given by 
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P ( r , u , u ' ) = f 

2 (1 -u 2 ) ( 1 - u ' 2 ) + u2y , 2 

„ . 2 

PX 1 <U,Ji') 

P 2 1 ftlrU') 

P 1 2 ( n , y ' ) 

P 2 2 ( n f u ' ) (10) 

Vfe s h a l l s e t co ( r ) = 1 , s i n c e we a r e c o n s i d e r i n g p u r e s c a t t e r 
i n g . The t o t a l o p t i c a l d e p t h T i s g i v e n by 

T = Lod , (11) 

where 

0 = ** Q s = a t ' 

Q s c a t = ( 8 / 3 ) ( 2 l r l / X ) 4 ( f a i 2 - D / f a 2 + 2 ) ) 2 , (HJLST,1957) 

(12) 

(13) 

where d i s t h e number of d u s t p a r t i c l e s per u n i t volume, L 
t h e t o t a l p a t h l e n g t h , i. t h e r a d i u s of t h e d u s t p a r t i c l e , m 
t h e r e f r a c t i v e index of t h e p a r t i c l e , X t h e wavelength of t h e 
i n c i d e n t l i g h t . The t o t a l p a t h l e n g t h L has been t a k e n a s t h e 
l e n g t h between t h e i n n e r r a d i u s and t h e o u t e r r a d i u s of a 
s t a r . 

(c) The Sur face I n t e g r a t e d L inear P o l a r i z a t i o n 

From e q u a t i o n (9 ) , we have 

I(M) = 
\ (U) 

I r (W) 

(14) 

where r. (u) and I (u ) (cf. e q u a t i o n (9)) a r e p a r a l l e l and 

p e r p e n d i c u l a r components t o t h e e l e c t r i c v e c t o r of t h e emer
g e n t i n t e n s i t y a t P t r , &,<(>) (cf. F i g . 2 ) . 

Le t i , j _ , k _ a r e t h e u n i t v e c t o r s a long x - , y - , z - a x e s r e s 
p e c t i v e l y and e , e__, e. u n i t v e c t o r s a l o n g t h e r,&,((> d i r e c 
t i o n s . Then ~* ~* 
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e .̂ = î  sin© cos^ + j _ sin© cos<j) + k_cos© (15) 

e . = i _ c o s 9 cosji + j _ cos© sin<j> - k_ sin© (16) 

e. = - i s ine + j co s4> (17 ) 
-i> — *-

Fol lowing t h e idea of terrington and C o l l i n s I I (1968), we 
t a k e two r o t a t i o n s (cf. F i g . 2 ) . One i s r o t a t i o n of x - y p l a n e 
a b o u t t h e z - a x i s t h r o u g h an a n g l e i|>' and t h e o t h e r r o t a t i o n 
of x ' - z ' p l a n e a b o u t y ' a x i s t h r o u g h an a n g l e i r / 2 - i , where i 
i s termed a s e c l i p t i c a n g l e . Then 

x_" = i_ c o s i|> ' s i n i + j _ s i n ty ' s i n i + k_ c o s i , (18 ) 

y_" = -i_ s i n \\i ' + j _ co s i|» ' (19) 

z_" = - i c o s i|)' c o s i - j _ s i n \\> ' co s i + k_ s i n i , (2 0) 

If x_" be t a k e n a s t h e l i n e of s i g h t , t h e n t h e o b s e r v e r 
w i l l see t h e u n i t v e c t o r n_ p r o j e c t e d on t h e y" - z " - p l a n e . 
Let a d e n o t e s t h e a n g l e between t h i s p r o j e c t i o n and t h e z " -
a x i s . L e t l_ i s a u n i t v e c t o r i n t h e l i n e of s i g h t . Then, 

g n , i = g_.* = ( g ^ + g g e^ + g^ e^ ) . 

n- i« K §r + g © ^ + g * V ' - / g ( 2 1 ) 

= t h e component of n_ a l o n g t h e l i n e of s i g h t . 

S i m i l a r l y , t h e components of n_ a l o n g t h e y " - e x i s n_.y_" and 
a long t h e z " - a x i s n_.z_n c a n be" w r i t t e n . The r a t i o of t h e y" 
and z " components i s t h e t a n g e n t of t h e a n g l e a : 

t a n a = (n.y_")/(n_.z_") (22) 

T h e r e f o r e , t h e p o l a r i z a t i o n (p) a l o n g t h e l i n e of s i g h t i s 
g i v e n by 

J.TI/2 ; i r / 2 ( J ) r 2 c Q s 2 a s i n & ( g n . j ! , ) / g d<|> d© 

0 —TT/2 
p = '-— 

./.TT/2 fv/2 ( i +L ) r 2 B i n e t g n . * ) / g „ d* d© (23) 
0 _TT/2 r r 
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where the l i m i t s of i n t e g r a t i o n s for 4> and 6 have been taken 
for symmetry. 

I I I . COMPUTATIONAL PROCEDURE 

F i r s t l y , we have to find out r / r from equation (2) 
and then p from equation (1) . To find r / r and p we have 
used Newton-Raphson method. In both ca ses 1.2 can be taken a s 
the s t a r t i n g v a l u e . Then for each p, we have to solve the 
r a d i a t i v e t r ans fe r equation (8) to find I, and I of equation 
(9). The inner polar r a d i u s of the spherical shel l i s taken 

12 to be 10 cm. The medium above t h i s shel l i s divided into 
200 l a y e r s . The equation of t r ans fe r i s solved by employing 
the d i s c r e t e space theory (Peraiah 1984). From equation (23) 
we have ca lcu la ted p o l a r i z a t i o n s for wavelengths 5000 A to 
10000 A for (i) dus t p a r t i c l e s I = .02, .025, .03 micron 
fcf F ig . 3 ) . ( i i ) nij/m. = 0, . 5 , .9 (cf. F ig . 4 ) , ( i i i ) r a t i o 

of the equator ia l to the polar angular v e l o c i t i e s x = 1,5, 
10 (cf. F ig . 5 ) . Other parameters for the f i gu re s have been 
mentioned in the f i g u r e s . Vie have taken synchronous r o t a t i o n 
of b i n a r i e s . For s impl ic i ty , we have set $° = 0 for a l l c a l 
c u l a t i o n s . 

IV RESULTS AND DISCUSSIONS 

We have set 2TT-£/A l e s s than 0.4, since the equation 
(13) for Q . should be taken for lut/X l e s s than .5 (Hilst scar 

1957). For t h i s we have taken small dus t p a r t i c l e s not g r e a t 
er than .03 micron for the wavelengths 5000 A° to 10000 A°. 
We have taken r e f r a c t i v e index of dus t p a r t i c l e ( s i l i c a t e ) 
1.4 5 and the number d e n s i t y d equal to 4 per c . c . From the 
f igu res 3-5 , i t i s c l ea r t h a t p o l a r i z a t i o n decreases with the 
increase of wavelength l i k e molecular sca t t e r ing (Peraiah 1976). 
This i n d i c a t e s the nature of Rayleigh sca t te r ing but t h i s 
nature has been deviated for the dus t p a r t i c l e •£ = .03 micron 
in the in t e rva l of wavelength 5000 A° to 6500 A° (cf. F i g . 3 ) . 
This i s because the formula for Q _ a t fcf- equation (13)) has 
not worked well in the in te rva l fox t h e dus t p a r t i c l e .03 mic
ron or l a rger than t h i s . In the next work we shal l use Shah 
(1977 ) ' s programme to find Q__«. t h a t works for any s ize of 

dust p a r t i c l e s and for any combination of sca t te r ing and a b 
sorption which a r e reasonable for the s t a r s of i n t e r e s t .Wi th 
increase of p a r t i c l e s i ze (cf. F i g . 3 ) , po l a r i z a t i on has i n 
creased within the in te rva l of wavelength. This i s due to the 
fact t h a t l a rge r p a r t i c l e s can c r e a t e the outer l a y e r s and 
surfaces of a s tar more a-sjnimetry and d i s t o r t e d . 
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Fig. 1 Distorted surface of the primary star m| 
with core radius a. 

Fig. 2 
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Fig 3 Polarlzatfon versus wavelength for I - 02p,-025p, 0 3 H (mentioned on the 
graph). The other parameters are: x - t , n>2/mi- '6 , re/R - »5, m«1-45,H^0#.i«90* 
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P o l a r i z a t i o n h a s i n c r e a s e d when mass r a t i o has i n c r e 
ased (cf. F i g . 4 ) . P o l a r i z a t i o n , when m2/m, > 0, i s g r e a t e r 

t han t h a t when m-Zm, = O.This i s due t o t h e f a c t t h a t t h e 

p r i m a r y component i s becoming more asymmetr ic due t o p r e s e n c e 
of t h e secondary component . T h i s i s i n agreement w i t h P e r a i a h ' s 
work (1976) f o r e l e c t r o n s c a t t e r i n g . I t i s n o t i c e a b l e t h a t 
uni form r o t a t i o n tx = 1 ) a b o u t i t ' s a x i s of r o t a t i o n has t h e 
maximum e f f e c t (cf. F i g . 5) on p o l a r i z a t i o n . P o l a r i z a t i o n fo r 
uniform r o t a t i o n be = 1) i s g r e a t e r t h a n t h a t f o r non-uniform 
r o t a t i o n (x > 1 ) . Here we a r e c o n s i d e r i n g x > 1 i . e . t h e a n 
g u l a r v e l o c i t y a t t h e e q u a t o r i s a l w a y s l a r g e r t h a n t h a t a t 
t h e p o l e . In our model we have r < r< r and t h i s has been 
p o s s i b l e by t a k i n g i n t o a c c o u n t of x > l . 

We have done t h i s work t o see t h e e f f e c t s of some p a r 
a m e t e r s on t h e p o l a r i z a t i o n by d u s t y o u t e r e n v e l o p e s of c l o s e 
b i n a r y system i n t h e l i n e of s i g h t . T h i s t h e o r e t i c a l model we 
wish t o a p p l y i n r e a l s i t u a t i o n s ( in l a t e t y p e b i n a r i e s ) i n 
f u t u r e . For t h a t c a s e , we have t o a d j u s t t h e p a r a m e t e r s , t h e 
s i z e of t h e p a r t i c l e should be i n c r e a s e d (so (2ir4!/A)may be 
much g r e a t e r t h a n 1) and t h e a b s o r p t i o n by d u s t p a r t i c l e has 
to be c o n s i d e r e d . The medium should be t a k e n non-un i fo rm. 
Al l t h e s e c o n s i d e r a t i o n s a r e under s t u d y . 

ACKNOW.EDGEMENT 

One of u s (SKB) would l i k e t o t hank P r o f e s s o r J . C . 
Bha t t acha ryya , D i r e c t o r , Ind ian I n s t i t u t e of A s t r o p h y s i c s , 
Bangalore fo r a l l o w i n g him t o u s e e x c e l l e n t r e s e a r c h f a c i l i 
t i e s a t t h e I n s t i t u t e . He i s a l s o t h a n k f u l t o Mr. B.A.Varg-
hese fo r h i s he lp i n p l o t t i n g t h e g r a p h s . 

REFERENCES 

[ 1 ] C o l l i n s I I ,G .W. , (1970) , In S t e l l a r R o t a t i o n , ed .A . 
S l e t t e b a k , p .8 5 . 

[ 2 ] H a r r i n g t o n , J . P . and C o l l i n s I I ,G .W. (1968 ) , A s t r o p h y s . 
J . , 1 5 1 , 1 0 5 1 . 

C3] H i l s t , H.C. v a n d e , a 957 ) , L i g h t S c a t t e r i n g by Small 
P a r t i c l e s , p . 27 0, John Wiley & Sons, New York. 

[ 4 ] I r e l a n d , J . G . (1967), Z . A s t r o p h y s . , 6 5 , 1 2 3 . 
C5] P e r a i a h , A. (1969), A s t r o n . A s t r o p h y s . , 3 , 1 6 3 . 
[ 6 ] P e r a i a h , A. (1970), A s t r o n . A s t r o p h y s . , 7 , 4 7 3 . 
[ 7 ] P e r a i a h , A . (1976), A s t r o n . A s t r o p h y s . , 4 6,237 . 
[ 8 ] P e r a i a h , A. (1984), In: Methods i n R a d i a t i v e Transfer , 

p . 281 , e d . W.Kalkofen, Cambridge U n i v e r s i t y P r e s s , 
Cambr idge . 

[ 9 ] Shah, G.A. (1977), Rodaikanal Obs. B i l l . Ser . A , 2 , 4 2 . 

181 

https://doi.org/10.1017/S0252921100066045 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100066045



