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A B S T R A C T . A nu m b e r of p r o m i s i n g o b s e r v a t i o n a l p r o g r a m s i n v o l v i n g 
l i n e a r p o l a r i z a t i o n m e a s u r e m e n t s are d i s c u s s e d a f t e r c o n s i d e r a t i o n 
of t h e o b s e r v a t i o n a l limits based on t e l e s c o p e size and i n s t r u m e n t a l 
a c c u r a c y . T h e s e p r o j e c t s i n c l u d e s t u d i e s of i n t e r s t e l l a r e x t i n c t i o n , 
c i r c u m s t e l l a r s h e l l s and e x t e n d e d e n v e l o p e s , i n h o m o g e n e i t i e s on 
st e l l a r s u r f a c e s such as n o n r a d i a l p u l s a t i o n , m a g n e t i c s t a r s , and 
i n t e r a c t i v e b i n a r y s y s t e m s . 

1. I N S T R U M E N T A L A N D O B S E R V A T I O N A L L I M I T S 

The high o b s e r v a t i o n a l a c c u r a c y of m o d e r n p o l a r i m e t e r s h a s 
o p e n e d the d o o r to m a n y e x c i t i n g , new a s t r o n o m i c a l a p p l i c a t i o n s . 
T h e c h o i c e of s u i t a b l e p o l a r i m e t r i c p r o j e c t s is limited by t e l e s c o p e 
s i z e (through the n u m b e r of a v a i l a b l e p h o t o n s ) and the a c c u r a c y of 
the e q u i p m e n t . S i n c e a s u r p r i s i n g l y large n u m b e r of p o l a r i m e t r i c 
p a p e r s in t h e l i t e r a t u r e c o n t a i n d o u b t f u l r e s u l t s , c o n s i d e r a b l e 
a t t e n t i o n should be g i v e n to the s i z e of t h e e x p e c t e d , as well as 
actua l u n c e r t a i n t i e s of m e a s u r e m e n t . For a b r i g h t s t a r m e a s u r e d with 
a m o d e r n p o l a r i m e t e r an a c c u r a c y in t h e r a n g e of +. 0 . 0 1 % g S h o u l d be 
p o s s i b l e with r e p e a t e d m e a s u r e m e n t s and at least 2 x 10 p h o t o n s . 
With o u r s i n g l e - c h a n n e l p o l a r i m e t e r ( B r e g e r 1 9 7 9 ) , f o r a 2 0 0 - s e c o n d 
i n t e g r a t i o n t h e limit is set by s c i n t i l l a t i o n n o i s e , w h i c h 
r e s u l t s in + 0 . 0 2 % on a 2- m e t e r t e l e s c o p e . In t h i s t a l k we w o u l d 
like to m e n t i o n a few p r o m i s i n g l i n e a r - p o l a r i z a t i o n p r o j e c t s 
and e m p h a s i z e b r o a d b a n d m e a s u r e m e n t s . 

The t y p e of p o l a r i m e t e r used may well be of s e c o n d a r y 
i m p o r t a n c e in d e t e r m i n i n g the o b s e r v a t i o n a l f e a s i b i l i t y of the 
p r o j e c t s . The use of rapid m o d u l a t i o n or m u l t i p l e c h a n n e l s p e r m i t s 
high a c c u r a c y to be a c h i e v e d even u n d e r n o n o p t i m u m w e a t h e r 
c o n d i t i o n s . O b s e r v a t i o n s of s t a n d a r d stars (Serkowski 1 9 7 4 , Hsu and 
B r e g e r 1982) are s t r o n g l y r e c o m m e n d e d . The u n p o l a r i z e d s t a n d a r d 
stars a l l o w the d e t e r m i n a t i o n of the size o f , and p o s s i b l e small 
c h a n g e s in in s t r u m e n t a l p o l a r i z a t i o n . On the o t h e r h a n d , the 
o b s e r v a t i o n s of p o l a r i z e d s t a n d a r d s (or a n o t h e r s u i t a b l e m e t h o d of 
c a l i b r a t i o n ) fix the z e r o - p o i n t of the p o s i t i o n a n g l e and p r o v i d e 

149 

/. B. Hearnshaw and P. L. Cottrell (eds.), Instrumentation and Research Programmes for Small Telescopes, 149-157. 

© 1986 by the I AU. 

https://doi.org/10.1017/S0074180900151290 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900151290


150 M.BREGER 

T A B L E I 

L I M I T I N G M A G N I T U D E S W I T H A 1-METER T E L E S C O P E 

( S i n g l e - b e a m , b a c k g r o u n d not i n c l u d e d ) 

P h o t o n - S t a t i s t i c s F i l t e r 1 0 - m i n u t e 6 0 - m i n u t e 
A c c u r a c y i n t e g r a t i o n i n t e g r a t i o n 

Open 8 % 9 m 9 

B 6 % 8 % 

V 5 % 7 % 

Open 1 3 % 1 4 % 

B 1 1 % 13T5 

V 1 0 % 1 2 % 

O p e n 1 6 % • • • 

B 1 5 % • . • 

V 1 4 % 1 6 % 

a check on t h e s i z e o f t h e p o l a r i z a t i o n v a l u e . 
T a b l e I lists t y p i c a l m a g n i t u d e limits (photon s t a t i s t i c s ) for 

d i f f e r e n t v a l u e s of d e s i r e d a c c u r a c y . In t h i s t a b l e , the f i l t e r 
" O p e n " r e f e r s to f i l t e r l e s s m e a s u r e m e n t s with an e f f i c i e n t EMI 9 6 5 8 A 
p h o t o m u l t i p l i e r t u b e . The actual o b s e r v a t i o n s r e q u i r e m o r e t i m e than 
listed b e c a u s e of b a c k g r o u n d m e a s u r e m e n t s and o t h e r o b s e r v a t i o n a l 
a c t i v i t i e s such as r e c e n t e r i n g of the star in t h e a p e r t u r e . 

2 . I N T E R S T E L L A R P O L A R I Z A T I O N 

The p r e s e n c e of i n t e r s t e l l a r d u s t leads to e x t i n c t i o n as well as 
p o l a r i z a t i o n of light p a s s i n g t h r o u g h the i n t e r s t e l l a r m e d i u m . With 
m o d e r n p o l a r i m e t e r s the r e s u l t i n g v a l u e of p o l a r i z a t i o n is o f t e n m o r e 
e a s i l y and a c c u r a t e l y m e a s u r e d than the c o r r e s p o n d i n g e x t i n c t i o n or 
r e d d e n i n g v a l u e . An i n t e r s t e l l a r r e d d e n i n g of E ( B - V ) = 0.01 is 
d i f f i c u l t to d e t e r m i n e a c c u r a t e l y t h r o u g h c o n v e n t i o n a l p h o t o m e t r i c or 
s p e c t r o s c o p i c m e a n s . A r e d d e n i n g of E ( B - V ) = 0.01 is a c c o m p a n i e d by a 
r e l a t i v e l y e a s i l y m e a s u r e d p o l a r i z a t i o n v a l u e n e a r 0 . 0 6 % . (The e x a c t 
v a l u e d e p e n d s on the d i r e c t i o n of the i n t e r s t e l l a r m a g n e t i c f i e l d , 
a m o n g o t h e r f a c t o r s ) . In o r d e r to use p o l a r i z a t i o n as a p r o b e for the 
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i n t e r s t e l l a r m e d i u m , several p r o p e r t i e s of the i n t e r s t e l l a r m e d i u m 
need to be c o n s i d e r e d : 

(i) I n t e r s t e l l a r p o l a r i z a t i o n f o l l o w s a stan d a r d w a v e l e n g t h 
d e p e n d e n c e of p o l a r i z a t i o n , shown by S e r k o w s k i , M a t h e w s o n and 
Ford ( 1 9 7 5 , h e r e a f t e r r e f e r r e d to as S M F ) to be of the form 

p ( \ ) / p ( m a x ) = e x p [ - 1 . 1 5 I n 2 ( X ( m a x ) / X ) ] , 
w h e r e X(max) is t he w a v e l e n g t h at whi c h the p o l a r i z a t i o n r e a c h e s its 
m a x i m u m v a l u e , p ( m a x ) . R e c e n t d i s c u s s i o n s ( W i l k i n g , L e b o f s k y and 
Rie k e 1982) of a p o s s i b l e d e p e n d e n c e of t h e c o n s t a n t , - 1 . 1 5 , on 

X ( m a x ) , and the p r e s e n c e of s t r u c t u r e in t h e w a v e l e n g t h d e p e n d e n c e 
( W o l s t e n c r o f t and Smith 1984) i n d i c a t e f a s c i n a t i n g new area s of 
in v e s t i g a t i o n . N e v e r t h e l e s s , a p p l i c a t i o n s of t h e gen e r a l f o r m u l a still 
a p p e a r m e a n i n g f u l and the w a v e l e n g t h d e p e n d e n c e of p o l a r i z a t i o n is a 
pow e r f u l tool to s e p a r a t e i n t e r s t e l l a r from o t h e r s o u r c e s of 
p o l a r i z a t i o n . 

(ii) In c l u s t e r s with c o n s t a n t values of f o r e g r o u n d e x t i n c t i o n 
from star to s t a r , the a m o u n t s of p o l a r i z a t i o n are u s u a l l y also 
c o n s t a n t . S i n c e c l u s t e r n o n m e m b e r s are at d i f f e r e n t d i s t a n c e s r e l a t i v e 
to c l u s t e r m e m b e r s , t h e n o n m e m b e r s o f t e n show d i f f e r e n t a m o u n t s of 
ex t i n c t i o n and p o l a r i z a t i o n . For t h e s e c l u s t e r s p o l a r i z a t i o n can be 
used to s e p a r a t e m e m b e r s from n o n m e m b e r s . This a r g u m e n t w a s s u c c e s s -
fully a p p l i e d to NGC 7/89 (Breg e r 1 9 8 2 ) , w h e r e it w a s shown that t h e 
b l u e - s t r a g g l e r c a n d i d a t e s c o o l e r than the mai n s e q u e n c e do not b e l o n g 
to t h e c l u s t e r . In st a r c l u s t e r s with v a r i a b l e r e d d e n i n g and 
p o l a r i z a t i o n , t h e c o m p a r i s o n of r e d d e n i n g and p o l a r i z a t i o n v a l u e s 
may p e r m i t a m o d e l i n g of the d i f f e r e n t i n t e r s t e l l a r cloud p a t c h e s . 
This is based on the fact t h a t r e d d e n i n g is pu r e l y a d d i t i v e , w h i l e 
p o l a r i z a t i o n is a vec t o r i a l q u a n t i t y . The p r e s e n c e of a second cloud 
with a d i f f e r e n t m a g n e t i c - f i e l d d i r e c t i o n , f o r e x a m p l e , i n c r e a s e s t h e 
re d d e n i n g v a l u e , c a u s e s a ro t a t i o n of the p o s i t i o n a n g l e s of 
po l a r i z a t i o n , and could lead to d e p o l a r i z a t i o n . The P l e i a d e s c l u s t e r 
is a good e x a m p l e . O u r model of a un i f o r m f o r e g r o u n d cloud and a 
patchy cloud m o v i n g t h r o u g h the w e s t e r n part of t h e c l u s t e r is also 
c o n s i s t e n t with a t o m i c - l i n e data as well as radio and m i l l i m e t e r 
m e a s u r e m e n t s . 

(iii) The value of X ( m a x ) is related to the rat i o of total to 
sele c t i v e e x t i n c t i o n by R = 5.5 X ( m a x ) , as po i n t e d o u t by S M F . 
P o l a r i z a t i o n m e a s u r e m e n t s a r e , t h e r e f o r e , i m p o r t a n t to locate 
unusual v a l u e s of R in the i n t e r s t e l l a r m e d i u m . 

For small t e l e s c o p e s a p r o m i s i n g a p p l i c a t i o n seems to be 
the study of s y s t e m a t i c r e g i o n a l v e r s u s local o r i g i n s of abn o r m a l 
values of R. The h i s t o r i c a l q u e s t i o n w h e t h e r o r not valu e s of R 
great e r than the normal v a l u e of 3 (i . e . X(max) g r e a t e r than 
0.55/xm) show a s y s t e m a t i c d e p e n d e n c e on g a l a c t i c l o n g i t u d e and 
latitude has not been settled (e.g. see S M F ) . O u r s p e c u l a t i o n is that 
both local and l a r g e - s c a l e s y s t e m a t i c r e g i o n a l v a r i a t i o n s are 
involve d . The Ori o n c l u s t e r is a good e x a m p l e f o r local e f f e c t s 
near t h e s t a r s , with v a r i a t i o n s in the value of R from 3 to 5. 
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On the o t h e r h a n d , the s t a r s in the S c o r p i u s - O p h i u c h u s region of the 
sky may be an e x a m p l e of u n u s u a l l y large R v a l u e s c o v e r i n g a large 
r e g i o n of the sky. For t h i s r e g i o n , M e y e r s et a l . (1985) p r o p o s e a 
w e a k shock in the i n t e r s t e l l a r m e d i u m in the S c o r p i u s - O p h i u c h u s 
d i r e c t i o n . The r o t a t i o n of the p o s i t i o n - a n g l e of p o l a r i z a t i o n up to a 
few d e g r e e s with w a v e l e n g t h , d e t e r m i n e d so far for a few s t a r s , may 
be related to t h e s e p r o c e s s e s in the i n t e r s t e l l a r m e d i u m . 

To a n s w e r t h e s e q u e s t i o n s , a c c u r a t e d e t e r m i n a t i o n s of X ( m a x ) 
and p o s i t i o n a n g l e s are r e q u i r e d for many m o r e r e l a t i v e l y b r i g h t s t a r s . 

3. C I R C U M S T E L L A R S H E L L S A N D E X T E N D E D E N V E L O P E S 

S c a t t e r i n g in a s p h e r i c a l c i r c u m s t e l l a r e n v e l o p e s s u r r o u n d i n g stars 
leads to p o l a r i z a t i o n which o f t e n e x c e e d s 1%. B e , T Tauri and hot p r e -
m a i n - s e q u e n c e stars are good e x a m p l e s . Time v a r i a b i l i t y and a n o n i n t e r -
s t e l l a r w a v e l e n g t h d e p e n d e n c e of p o l a r i z a t i o n are important c l u e s . 

The v a r i a b i l i t y of the p o l a r i z a t i o n of the p o l a r i z a t i o n in * Cas 
led to the d i s c o v e r y of t h e i n t r i n s i c p o l a r i z a t i o n in Be s t a r s 
(Behr 1 9 5 9 ) . The p o l a r i z a t i o n d o e s not exceed 2 % . S t r i k i n g f e a t u r e s 
of the w a v e l e n g t h d e p e n d e n c e of p o l a r i z a t i o n of Be stars are the rapid 
d e c r e a s e in p o l a r i z a t i o n s h o r t w a r d of the B a l m e r limit at 0 . 3 6 5 / m 
and the d e c r e a s e of p o l a r i z a t i o n in the B a l m e r e m i s s i o n l i n e s . A good 
e x a m p l e of t h e w a v e l e n g t h d e p e n d e n c e is shown in the p a p e r by P o e c k e r t , 
B a s t i e n and L a n d s t r e e t ( 1 9 7 9 ) , and a very t h o r o u g h d i s c u s s i o n can be 
found in the m o n o g r a p h on B stars (Underhill and D o a z a n 1 9 8 2 ) . 

The e x t r e m e b r i g h t n e s s of many Be stars e n c o u r a g e s a t i m e 
v a r i a b i l i t y study with small t e l e s c o p e s . Due to t h e " d i s c o n t i n u o u s " 
w a v e l e n g t h d e p e n d e n c e of p o l a r i z a t i o n , the s t a n d a r d UBV f i l t e r s 
w o u l d not be an o p t i m u m c h o i c e for such a s t u d y . The s t a n d a r d U f i l t e r , 
f o r e x a m p l e , d o e s not avoid the B a l m e r j u m p , w h i l e the u f i l t e r of the 
uvby system w o u l d be m o r e s u i t a b l e for a c l e a n e r u l t r a v i o l e t 
m e a s u r e m e n t . 

The p o l a r i z a t i o n of T Tauri stars can be as high as 12% (Bastien 
1 9 8 3 ) . A s t a n d a r d w a v e l e n g t h d e p e n d e n c e of p o l a r i z a t i o n d o e s not seem 
to e x i s t . The q u e s t i o n of the e x i s t e n c e of p e r i o d i c i t i e s , or b e t t e r , 
t i m e s c a l e s , of t h e s e v a r i a t i o n s still needs to be s e t t l e d . The hot 
p r e - m a i n - s e q u e n c e stars also d e s e r v e c o n s i d e r a b l y m o r e p h o t o m e t r i c 
and p o l a r i m e t r i c s t u d y . M a n y of t h e s e stars are b r i g h t e r than 12th 
m a g n i t u d e and can be o b s e r v e d with small t e l e s c o p e s . 

4. I N H O M O G E N E I T I E S ON THE S T E L L A R S U R F A C E 

I n h o m o g e n e i t i e s , a s y m m e t r y and d i s t o r t i o n s of the s t e l l a r d i s k 
c a n , at t h o s e w a v e l e n g t h s w h e r e s c a t t e r i n g d o m i n a t e s as an o p a c i t y 
s o u r c e , lead to a small a m o u n t of linear p o l a r i z a t i o n . The s i z e of this 
p o l a r i z a t i o n is near the p r e s e n t limit of d e t e c t a b i l i t y of 0 . 0 1 % . S o m e 
o r i g i n s of i n h o m o g e n e i t i e s could be n o n r a d i a l p u l s a t i o n , s p o t s , or 
large c o n v e c t i o n c e l l s . The small s i z e of the r e s u l t i n g p o l a r i z a t i o n 
m a k e s it d i f f i c u l t to s e p a r a t e t h e s e i n t r i n s i c e f f e c t s from inter-
s t e l l a r p o l a r i z a t i o n . H o w e v e r , the d i f f e r e n t w a v e l e n g t h d e p e n d e n c e 
of p o l a r i z a t i o n and the e x p e c t e d t i m e v a r i a b i l i t y are i m p o r t a n t c l u e s . 
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4.1 N o n r a d i a l P u l s a t i o n 

A m o n g hot s t a r s , in which e l e c t r o n s c a t t e r i n g is an imp o r t a n t 
o p a c i t y s o u r c e , the d i s t o r t i o n s of the v i s i b l e d i s k could lead to 
p o l a r i z a t i o n v a r i a b i l i t y with small a m p l i t u d e s . The size and p h a s i n g 
of the linear p o l a r i z a t i o n as well as the p o s i t i o n a n g l e s are 
d e p e n d e n t on the p a r t i c u l a r p u l s a t i o n m o d e ( s ) . This was s u g g e s t e d as 
a test f o r m o d e - t y p i n g by Odell (1979) as well as St a m f o r d and W a t s o n 
( 1 9 8 0 ) . It w a s also shown in th e s e p a p e r s that the a m p l i t u d e s of 
p o l a r i z a t i o n v a r i a b i l i t y should be larger in the u l t r a v i o l e t and b l u e 
r e g i o n s t h a n in the v i s i b l e . The m o s t p r o m i s i n g o b j e c t s f o r study 
a p p e a r to be hot p u l s a t o r s with low o r d e r s of no n r a d i a l p u l s a t i o n , 
£ and m , as well as o b j e c t s in which one p u l s a t i o n m o d e is d o m i n a n t . 
A ( p o s s i b l y large) number of p u l s a t i o n c y c l e s could be av e r a g e d for 
b e t t e r s i g n a l - t o - n o i s e r a t i o s . P r i o r k n o w l e d g e of the p h o t o m e t r i c 
f r e q u e n c i e s and e p o c h s would be u s e f u l , but not an a b s o l u t e 
r e q u i r e m e n t . 

The £ Cephei v a r i a b l e s a p p e a r w e l l - s u i t e d f o r such p o l a r i m e t r i c 
s t u d i e s s i n c e m a n y m e m b e r s of the c l a s s fulfil the c o n d i t i o n s listed 
a b o v e and are a l s o b r i g h t enough f o r a high count r a t e . In a p i o n e e r i n g 
p a p e r , Odell ( 1 9 8 1 ) m e a s u r e d the s t a r BW V u l p e c u l a e d u r i n g f o u r n i g h t s . 
He found a s t a t i s t i c a l l y s i g n i f i c a n t (4 s i g m a ) c h a n g e of p o l a r i z a t i o n 
d u r i n g the 0 . 2 0 1 c y c l e s and a p e a k - t o - p e a k a m p l i t u d e of 0 . 0 0 8 % . The 
p h a s e of m a x i m u m p o l a r i z a t i o n o c c u r r e d n e a r m a x i m u m light. 

Such a small p o l a r i z a t i o n a m p l i t u d e b e l o w the a c c u r a c y of a 
si n g l e o b s e r v a t i o n m u s t n a t u r a l l y be t r e a t e d with some c a u t i o n . 
A c c o r d i n g to a p r i v a t e c o m m u n i c a t i o n by O d e l l , Kemp has r e p e a t e d the 
m e a s u r e m e n t s of BW V u l p e c u l a e and f i n d s a s i m i l a r a m p l i t u d e , a l t h o u g h 
u n c e r t a i n t i e s due to p o s s i b l e large p h a s e d i s a g r e e m e n t s are s u s p e c t e d . 

A p o l a r i m e t r i c p r o j e c t to r e m e a s u r e BW V u l p e c u l a e o v e r a larger 
n u m b e r of c y c l e s would be i m p o r t a n t . O t h e r b r i g h t ft Cephei stars 
with a st r o n g n o n r a d i a l m o d e (such as ft CMa and -o E r i ) also a p p e a r 
p r o m i s i n g . 

4.2 C o n v e c t i o n Cells in the P h o t o s p h e r e 

It has been known f o r a long t i m e (e.g. Dyck 1968) that cool 
g i a n t s and s u p e r g i a n t s show p o l a r i z a t i o n , which is int r i n s i c and 
v a r i a b l e with t i m e . A p l a u s i b l e p h y s i c a l e x p l a n a t i o n is the s c a t t e r i n g 
f r o m a p h o t o s p h e r e with b r i g h t n e s s v a r i a t i o n s a c r o s s the p h o t o s p h e r i c 
s u r f a c e . A c c o r d i n g to S c h w a r z s c h i I d ( 1 9 7 5 ) , large c o n v e c t i o n c e l l s 
a p p e a r and d i s a p p e a r on the s u r f a c e o v e r a few m o n t h s . The r e s u l t i n g 
l i n e a r p o l a r i z a t i o n w o u l d be less than 1%. 

A w e l l - s t u d i e d e x a m p l e is the M s u p e r g i a n t o c Ori (Hayes 1 9 8 1 , 
S c h w a r z and C l a r k e 1 9 8 4 ) . In a n o t h e r r e c e n t study ( W h i t e , Shawl and 
C o y n e 1 9 8 4 ) , 15 out of 39 red g i a n t s in the g l o b u l a r c l u s t e r s M 3 and 
M 1 3 w e r e found to show i n t r i n s i c p o l a r i z a t i o n with sizes g e n e r a l l y 
less than 2 % . This shows that r e l a t i v e l y high i n t r i n s i c p o l a r i z a t i o n 
may well be a common p r o p e r t y of cool g i a n t s and s u p e r g i a n t s . M o r e 
p o l a r i m e t r i c s u r v e y s with a t t e n t i o n given to the s u b t r a c t i o n of the 
i n t e r s t e l l a r c o m p o n e n t , if a n y , are n e e d e d . 
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5 . M A G N E T I C S T A R S 

The study of linear p o l a r i z a t i o n v a r i a b i l i t y in m a g n e t i c C P 2 s t a r s 
has a long and c o n t r a d i c t o r y o b s e r v a t i o n a l h i s t o r y . The p r e s e n c e of 
i n t r i n s i c linear p o l a r i z a t i o n and its v a r i a b i l i t y (caused by the 
r o t a t i o n of the s t a r ) has been p r e d i c t e d m a n y t i m e s . D e m k i n a and 
O b r i d k o ( 1 9 7 3 ) , f or e x a m p l e , h a v e pointed out that the t r a n s v e r s e 
c o m p o n e n t of the m a g n e t i c field c a u s e s linear p o l a r i z a t i o n o v e r a w i d e 
s p e c t r a l r a n g e . In a field s t r o n g enough for the Z e e m a n c o m p o n e n t s to 
be c o m p l e t e l y r e s o l v e d , 

W7T " 2 w < r ( V 2 ) > 

w h e r e p is the d e g r e e of linear p o l a r i z a t i o n in the line; and 
are the e q u i v a l e n t w i d t h s of the T and <r c o m p o n e n t s , r e s p e c t i v e l y ; 

and 7i0 is the ratio of the l i n e - c e n t e r o p a c i t y r e l a t i v e to t h e 
c o n t i n u u m o p a c i t y . For w e a k lines the p o l a r i z a t i o n c a n c e l s o u t . For 
p a r t i a l l y s a t u r a t e d lines the p o l a r i z a t i o n r e a c h e s a m a x i m u m v a l u e . 
Rough c a l c u l a t i o n s show that the net b r o a d - b a n d linear p o l a r i z a t i o n 
in the t y p i c a l C P 2 star should be less than 1%. A c a r e f u l c h o i c e of 
w a v e l e n g t h r e g i o n s (through e x a m i n a t i o n of the lines in the r e g i o n s ) 
could m a x i m i z e the m e a s u r a b l e a m o u n t s of p o l a r i z a t i o n . As is the c a s e 
for o t h e r i n t r i n s i c s o u r c e s of p o l a r i z a t i o n , t i m e v a r i a b i l i t y and a 
n o n s t a n d a r d w a v e l e n g t h d e p e n d e n c e of p o l a r i z a t i o n would a l l o w us to 
d i s t i n g u i s h b e t w e e n i n t e r s t e l l a r and i n t r i n s i c p o l a r i z a t i o n . 

The e a r l y r e p o r t s of p o l a r i z a t i o n v a r i a b i l i t y w e r e r e g a r d e d by 
S e r k o w s k i and C h o j n a c k i ( 1 9 6 9 ) to be "not i n c o n t e s t a b l e " . S e r k o w s k i and 
C h o j n a c k i m e a s u r e d a n u m b e r of C P 2 stars and found no e v i d e n c e for a 
l i n e a r p o l a r i z a t i o n v a r i a b i l i t y a t . t h e 0 . 1 % l e v e l . In p a r t i c u l a r , the 
v a r i a b i l i t y r e p o r t e d e a r l i e r for HD 71866 (0.1 to 0 . 3 % , T h i e s s e n 1961) 
w a s not c o n f i r m e d . 

For the star HD 2 1 5 4 4 1 , Kemp and W o l s t e n c r o f t (1973) d e t e c t e d 
large c h a n g e s , up to 2 % , in the linear p o l a r i z a t i o n of the HB c e n t e r 
and w i n g s . C o n t i n u u m v a l u e s w e r e r e l a t i v e l y c o n s t a n t . For the star 
53 C a m , the d e t e c t e d small v a r i a t i o n s (less than 0.1%) in both HB 
and the b r o a d - b a n d c o n t i n u u m could be c o r r e l a t e d with the s t a r ' s 
m a g n e t i c p h a s e s . 

P o l a r i m e t r i c s t u d i e s of both the HB p r o f i l e and the b r o a d - b a n d 
c o n t i n u u m in m a g n e t i c C P 2 stars a p p e a r very p r o m i s i n g . A n u m b e r 
of b r i g h t c a n d i d a t e s are a v a i l a b l e . 

In the p r e v i o u s s e c t i o n s we could list o n l y some a s t r o p h y s i c a l 
a r e a s for which linear p o l a r i m e t r y with small t e l e s c o p e s a p p e a r s 
p r o m i s i n g . The high a c c u r a c y of m o d e r n p o l a r i m e t e r s p e r m i t s us to 
e x a m i n e b r i g h t stars to study new p r o b l e m s . It is r e g r e t t a b l e that 
t h e h i g h l y p o l a r i z e d p o l a r s (AM Her s t a r s ) had to be o m i t t e d from 
o u r list of p r o p o s e d p r o g r a m s for small t e l e s c o p e s b e c a u s e of the 
c o m b i n a t i o n of t h e i r r e l a t i v e f a i n t n e s s and rapid p o l a r i z a t i o n 
v a r i a b i l i t y . (We note that AM Her i t s e l f , with an i n t e r m e d i a t e V 
m a g n i t u d e of 1 2 . 9 could be studied with a o n e - m e t e r t e l e s c o p e . ) 
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D I S C U S S I O N 

Burki: Is the p o l a r i z a t i o n t e c h n i q u e m o r e s e n s i t i v e t h a n t h e st u d y 
o f l i n e p r o f i l e v a r i a t i o n s f o r the d e t e r m i n a t i o n o f n o n -

radial m o d e s ? 

Breger: N o , but the study o f line p r o f i l e v a r i a t i o n s r e q u i r e s l a r g e 
t e l e s c o p e s and high d i s p e r s i o n s p e c t r o g r a p h s . In o r d e r to 

u n d e r s t a n d n o n - r a d i a l p u l s a t i o n s w e need to u s e as m a n y t e c h n i q u e s as 
po s s i b l e : line p r o f i l e s , p h o t o m e t r y f o r v a r i a b i l i t y and r e l a t i o n s h i p s 
b e t w e e n light and c o l o u r v a r i a t i o n s , radial v e l o c i t y and p o l a r i s a t i o n 
m e a s u r e m e n t s . 

Finkenzeller: I fea r t h a t the m a i n p r o b l e m w h e n doing p o l a r i m e t r y o f 
p r e - m a i n s e q u e n c e o b j e c t s is not that o f g e t t i n g t h e ve c t o r , 

but its a s t r o p h y s i c a l i n t e r p r e t a t i o n . A l m o s t all o b j e c t s a r e s u r r o u n d e d 
by r e f l e c t i o n n e b u l o s i t y w h i c h i n t r o d u c e s strong a p e r t u r e - s i z e e f f e c t s . 
T h u s , o n e w o u l d w i s h to ha v e both high data q u a l i t y and high spatial 
r e s o l u t i o n . T o g e t h e r , w i t h typical m a g n i t u d e s o f T Tauri s t a r s f a i n t e r 
than 1 1 , o n e is lik e l y to rely on i n t e r m e d i a t e and l a r g e size t e l e s c o p e s . 

Breger: I b e l i e v e that i m p o r t a n t w o r k can still be d o n e w i t h small 
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t e l e s c o p e s . An e x a m p l e m i g h t be t h e star W 9 0 in NGC 2 2 6 4 . It a p p e a r s 
to lie b e l o w the m a i n s e q u e n c e and m o v e s parallel to the m a i n s e q u e n c e . 
Its p o l a r i z a t i o n is a b o u t 2 % . A r e the p o l a r i z a t i o n and abnormal 
p o s i t i o n in the HR d i a g r a m c a u s e d by i n t r a c l u s t e r dust or s h e l l s ? 

Rucinski: I thin k that e c l i p s i n g b i n a r i e s and c l o s e b i n a r i e s in 
general s h o u l d not be f o r g o t t e n . T h e p o l a r i z a t i o n m e t h o d s 

can be used to o b t a i n a d d i t i o n a l i n f o r m a t i o n on the g e o m e t r y a n d , indeed, 
can be used to d i s c o v e r p o l e - o n c l o s e b i n a r i e s w h i c h should show a 
co n s t a n t but r o t a t i n g v e c t o r o f p o l a r i z a t i o n . 

Warner: T h e s t a t i s t i c s of l i m i t i n g m a g n i t u d e s for l i n e a r p o l a r -
i z a t i o n is s i m i l a r to that for c i r c u l a r p o l a r i z a t i o n . A s 

w e now k n o w , m a n y AM H e r s t a r s w h i c h h a v e c i r c u l a r p o l a r i z a t i o n s in 
ex c e s s o f 10 p e r c e n t , a c c u r a c i e s of o n l y ~ 1 p e r c e n t a r e a d e q u a t e for 
the stu d y o f t i m e v a r i a b i l i t y . W i t h b r o a d - b a n d p o l a r i m e t r y , m a g n i t u d e 
15i can be r e a c h e d w i t h t i m e r e s o l u t i o n o f ~ m i n u t e s e v e n w i t h t e l e -
s c o p e s o f 1 m e t r e a p e r t u r e o r l e s s . B e c a u s e o f the g r e a t v a r i a b i l i t y o f 
the AM H e r s t a r s , on t i m e s c a l e s r a n g i n g from m i n u t e s to y e a r s , a mu c h 
g r e a t e r body o f data n e e d s to be a c c u m u l a t e d for a n a l y s i s and t h i s can 
o n l y be d o n e w i t h the l a r g e a m o u n t s o f t i m e a v a i l a b l e on small t e l e -
s c o p e s . 

Breger: B e f o r e t h e d i s c o v e r y o f the high p o l a r i z a t i o n o f p o l a r s 
(AM H e r s t a r s ) , t h e a m o u n t of k n o w n c i r c u l a r p o l a r i z a t i o n 

w a s too small to be m e a s u r e d w i t h small t e l e s c o p e s . T h e i n t e r e s t i n g 
c i r c u l a r p o l a r i z a t i o n o f AM H e r s t a r s can be o b s e r v e d w i t h small 
t e l e s c o p e s . 

Warner: T h e p r o b l e m is that w e don't h a v e s t a n d a r d s w i t h 5 0 % 
c i r c u l a r p o l a r i z a t i o n and w e t h e r e f o r e have to e x t r a p o l a t e 

from o b j e c t s w i t h a few t e n t h s of a p e r c e n t p o l a r i z a t i o n . 

Schober: V e r y few p o l a r i m e t e r s are w o r k i n g at v i s i t i n g o b s e r v a t o r y 
s i t e s . ESO has tried for 15 y e a r s to set up a p o l a r i m e t e r . 

It r e q u i r e s an e x p e r i e n c e d r e s i d e n t o b s e r v e r . A l s o the a l i g n m e n t o f 
optical e l e m e n t s is critical f o r i n s t r u m e n t a l c a l i b r a t i o n and w i t h 
f r e q u e n t i n s t r u m e n t c h a n g e s on t e l e s c o p e s t h i s can be d i f f i c u l t . 

Breger: F i r s t l y , my s u g g e s t i o n is to t a k e y o u r own p o l a r i m e t e r , 
w h i c h y o u can p r o b a b l y t r u s t , to t h e o t h e r o b s e r v a t o r i e s . 

T h e i n s t r u m e n t a l c o r r e c t i o n (which is u s u a l l y s m a l l ) can be c h e c k e d by 
o b s e r v i n g u n p o l a r i s e d s t a n d a r d s (see S e r k o w s k i 1 9 7 5 , and Hsu and B r e g e r 
1 9 8 2 ) and at l e a s t o n e o r two o f t h e s e should be o b s e r v e d e a c h n i g h t . 

Schober: It is v e r y e x p e n s i v e to h a v e o n e ' s own i n s t r u m e n t ! 

A'Hearn: Yet a n o t h e r area in w h i c h useful p o l a r i m e t r y can be d o n e 
from small t e l e s c o p e s is t h e p o l a r i m e t r y o f c o m e t a r y d u s t . 

T h u s f a r , p o l a r i m e t r y o f c o m e t s has not been v e r y fruitful both b e c a u s e 
the i n t e r p r e t a t i o n has b e e n d o n e u s u a l l y w i t h M i e t h e o r y r a t h e r than 
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w i t h l a b o r a t o r y m e a s u r e m e n t s o f i r r e g u l a r p a r t i c l e s and b e c a u s e , w i t h a 
few e x c e p t i o n s such as the r e c e n t w o r k by M y e r s and N o r d s i e c k at 
W i s c o n s i n , the data have not been o b t a i n e d s y s t e m a t i c a l l y . T h e s e 
m e a s u r e m e n t s can be m a d e w i t h a v e r y small t e l e s c o p e f o r b r i g h t c o m e t s 
such as H a l l e y and o n l y r e l a t i v e l y low p r e c i s i o n is n e e d e d , say 1%. 

Bvegev: S i n c e w e are m e n t i o n i n g t h e m a n y p r o m i s i n g a p p l i c a t i o n s o f 
po l a r i m e t r y that had to b e o m i t t e d f r o m the t a l k , I will 

m e n t i o n an o m i s s i o n m y s e l f . T h e p o l a r i m e t r i c study o f a s t e r o i d s to 
de t e r m i n e t h e i r r o t a t i o n and s u r f a c e v a r i a t i o n a p p e a r s to be v e r y 
i m p o r t a n t . 
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