
II 

C O N T I N U U M EMISSION 

"But if quasars had only been discovered in (say) 1973-
when we already knew more about lower-level activity in 
galactic nuclei (Seyferts etc), and when pulsars and X-ray 
binaries had convinced us that gravitational energy 
could be channelled efficiently into radiation - quasars 
would never have seemed 'sui generis1

9 and theoretical 
ideas would have evolved less waywardly to their present 
state." 

- Martin Rees (p.11) 
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"The success of this program is a result of the dedi-
cation by a large number of collaborators who operate 
nine different telescopes that obtain data from 108- lO1^ 
Hz (Table I)." 

- Joel Bregman (p.65) 
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C O M P A C T C O N T I N U U M E M I S S I O N FROM V I O L E N T L Y V A R I A B L E Q U A S A R S 
AND B L L A C E R T A E O B J E C T S 

J o e l N . B r e g m a n 
N a t i o n a l R a d i o A s t r o n o m y O b s e r v a t o r y 
E d g e m o n t R o a d 
C h a r l o t t e s v i l l e , VA 2 2 9 0 3 
U S A 

A B S T R A C T . A d o z e n B L L a c e r t a e o b j e c t s a n d v i o l e n t l y 
v a r i a b l e q u a s a r s w e r e o b s e r v e d r e p e a t e d l y d u r i n g t h e l a s t 
s i x y e a r s b y o b t a i n i n g s i m u l t a n e o u s m e a s u r e m e n t s f r o m t h e 
r a d i o t h r o u g h X - r a y r e g i o n . T h e r e l a t i o n s h i p b e t w e e n t h e 
r a d i o - m i l l i m e t e r , i n f r a r e d - u l t r a v i o l e t , a n d X - r a y r e g i o n s 
a r e d e t e r m i n e d f r o m s i n g l e e p o c h s p e c t r a a n d v a r i a b i l i t y 
m e a s u r e m e n t s . T h e s t r u c t u r e o f t h e e m i t t i n g r e g i o n s a n d 
t h e e m i s s i o n m e c h a n i s m s a r e d i s c u s s e d . T h e r e s u l t s o f t h i s 
p r o g r a m a r e s u m m a r i z e d . 

1 . I N T R O D U C T I O N 

We r e p o r t u p o n a p r o g r a m i n w h i c h B L L a c e r t a e o b j e c t s a n d 
v i o l e n t l y v a r i a b l e q u a s a r s a r e o b s e r v e d s i m u l t a n e o u s l y o v e r 
a s m u c h o f t h e e l e c t r o m a g n e t i c s p e c t r u m a s p o s s i b l e . T h e s e 
o b s e r v a t i o n s a r e d e s i g n e d t o s h e d l i g h t o n t h e c o n n e c t i o n 
b e t w e e n v a r i o u s e m i t t i n g r e g i o n s , w h i c h a r e f r e q u e n t l y 
s t u d i e d s e p a r a t e l y ( e . g . r a d i o , o p t i c a l . X - r a y r e g i o n s ) , 
a n d t o d e t e r m i n e t h e p h y s i c a l p r o c e s s e s a n d c o n d i t i o n s i n 
t h e e m i t t i n g p l a s m a . O f a d o z e n s o u r c e s , m o s t h a v e b e e n 
o b s e r v e d a t s e v e r a l e p o c h s , p r o v i d i n g i m p o r t a n t v a r i a b i l i t y 
i n f o r m a t i o n . T h e s u c c e s s o f t h i s p r o g r a m i s a r e s u l t o f 
t h e d e d i c a t i o n b y a l a r g e n u m b e r o f c o l l a b o r a t o r s who 
o p e r a t e n i n e d i f f e r e n t t e l e s c o p e s t h a t o b t a i n d a t a f r o m 10& 
- 1 0 1 Ô H z ( T a b l e I ) . 

2 . S I N G L E E P O C H S P E C T R A 

M u l t i f r e q u e n c y s p e c t r a h a v e b e e n o b t a i n e d f o r t h e 
v i o l e n t l y v a r i a b l e q u a s a r s 1 1 5 6 + 2 9 5 ( G l a s s g o l d e t a l . 1 9 8 3 , 
W i l l s e t a l . 1 9 8 3 ) , 3 C 3 4 5 ( B r e g m a n e t a l . 1 9 8 6 ) , 3 C 4 4 6 
( B r e g m a n e t a l . 1 9 8 6 ) a n d t h e B L L a c e r t a e o b j e c t s I Z w - 1 8 7 
( B r e g m a n e t a l . 1 9 8 2 ) , 0 7 3 5 + 1 7 8 ( B r e g m a n e t a l . 1 9 8 4 ) , 

O J 2 8 7 ( P o l l o c k e t a l . 1 9 8 5 ) , 1 4 1 3 * 1 3 5 ( B r e g m a n e t 
a l . 1981), OJ 049, 0215*015, OV-236, BL Lac, 1308*326', 
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O b s e r v e r s I n s t i t u t i o n W a v e b a n d 

D e n t , B a l o n e k , B a r v a n i s , O ' D e a U n i v . M a s s I7ë - 9 Ô ~ G H z 
A l l e r , A l l e r , H o d g e U n i v . M i c h . 4 . 8 - 2 4 G H z 
W e r n e r , R o e l l l g N A S A / A m e s 1mm - 1pm 
H a r v e y U n i v . T e x a s F a r I R 
N e u g e b a u e r , . S o i f e r , M a t h e w s , P a l o m a r O b s . 

a n d E l i a s a n d C a l t e c h 1 0 0 - 0 . 5 5 ρm 
R i e k e , L e b o f s k y , R u d y , a n d 

W i s n i e w s k i S t e w a r d O b s . 1 0 - 0 . 3 6 pin 
J . D . B r e g m a n , W i t t e b o r n , L e s t e r N A S A / A m e s 1 4 - 8 pm 
I m p e y , W i l l i a m s , B r a n d U K I R T , R E O 2 . 2 - 1 . 2 pm 
H a c k w e l l U n i v . W y o m i n g 2 . 2 - 1 . 2 pm 
A . S m i t h , P o l l o c k , W e b b , P i c a U n i v . F l o r i d a 0 . 9 - 0 . 3 6 pm 
M i l l e r , S t e p h e n s L i c k O b s . 0 . 8 - 0 . 4 pm 
W i l l s , W i l l s U n i v . T e x a s 0 . 8 - 0 . 3 5 pm 
B r e g m a n , G l a s e g o l d , H u g g i n s , N Y U a n d 

a n d K i n n e y N R A O 0 . 1 2 - 0 . 3 2 pm 
K u C o l u m b i a U n i v . 0 . 2 - 4 k e V 
E l v i s , S c h w a r t z , T a n n e n b a u m C F A 0 . 2 - 4 k e V 
P o l l o c k , W i l l m o r e U . B i r m i n g h a m 0 . 2 - 1 k e V 
M c H a r d y U . L e i c e s t e r 0 . 2 - 1 k e V 
M a c c a g n i C N R , M i l a n 0 . 2 - 1 k e V 

a n d 1 2 1 5 + 3 0 3 ( i n p r e p a r a t i o n ) . T h e r a d i o s p e c t r a o f t h e s e 
s o u r c e s , w h i c h a r e u s u a l l y c a t e g o r i z e d a s b e i n g " f l a t " , 
s o m e t i m e s s h o w c u r v a t u r e a n d s t r u c t u r e . T h e f l a t n e s s o f 
t h e s p e c t r u m a p p e a r s t o a r i s e f r o m s e v e r a l p a r t i a l l y 
e m i t t i n g r e g i o n s o f d i f f e r i n g o p a c i t i e s ; t h i s 
i n t e r p r e t a t i o n i s s u p p o r t e d b y V L B I o b s e r v a t i o n s ( C o t t o n e t 
a l . 1 9 8 0 ) a n d f l u x v a r i a b i l i t y m e a s u r e m e n t s ( A l l e r e t 
a l . 1 9 8 5 ) . I n n e a r l y a l l o f t h e s o u r c e s we o b s e r v e d , t h e 
f l a t r a d i o s p e c t r u m s t e e p e n s i n t h e 3 0 - 1 0 0 0 G H z r e g i o n s o 
t h a t i t h a s a s l o p e o f a p p r o x i m a t e l y - 1 . We i n t e r p r e t t h i s 
t u r n o v e r a s t h e f r e q u e n c y a t w h i c h a l l r a d i o c o m p o n e n t s 
b e c o m e t r a n s p a r e n t . T h e 1 0 0 - 2 pm r e g i o n i s u s u a l l y w e l l 
d e s c r i b e d b y a p o w e r l a w i n t h e r a n g e - 0 . 9 t o - 1 . 5 . I n t h e 
o p t i c a l a n d u l t r a v i o l e t r e g i o n , t h e s p e c t r u m s o m e t i m e s 
s t e e p e n s , r e a c h i n g e l o p e s o f - 3 o c c a s i o n a l l y . S o m e 
s o u r c e s , s u c h a s I Z w - 1 8 7 , h a v e c o n s t a n t s l o p e s f r o m t h e 
i n f r a r e d t h r o u g h t h e u l t r a v i o l e t ( - 0 . 9 i n t h i s c a s e ) . T h e 
o t h e r e x t r e m e i s r e p r e s e n t e d b y s o u r c e s i n w i t h t h e 
s p e c t r u m s t e e p e n s e x p o n e n t i a l l y i n l e s s t h a n a d e c a d e o f 
f r e q u e n c y s p a c e . T h i s f e a t u r e , f i r s t n o t i c e d i n r e d 
q u a s a r s ( R i e k e e t a l . 1 9 7 7 ) a n d s e e n i n s o u r c e s s u c h a s 
1 4 1 3 + 1 3 5 , o c c u r s a t h i g h e r f r e q u e n c i e s a s w e l l ( i n t h e 
u l t r a v i o l e t i n B L L a c , 3 C 4 4 6 ) , a n d i s p r o b a b l y a common 

T A B L E I M Ü L T I F R E Q U E N C Y C O L L A B O R A T O R S 
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p h e n o m e n a . I n a d d i t i o n , w h e n b l u e b u m p s h a v e b e e n 
d e t e c t e d , t h e y o c c u r o n l y i n v i o l e n t l y v a r i a b l e q u a s a r s 
e u c h a s 3 C 3 4 5 ( t h e b l u e bump t h a t w a s d i s c u s s e d f o r 
I Z w - 1 8 7 b y B r e g m a n e t a l . 1 9 8 2 w a s n o t v e r i f i e d b y m o r e 
a c c u r a t e o b s e r v a t i o n s ) . 

T h e r e i a s o m e t i m e s a s m o o t h c o n n e c t i o n b e t w e e n t h e 
I R - U V s p e c t r u m a n d t h e X - r a y r e g i o n , e u c h a s i n I Z w - 1 8 7 . 
H o w e v e r , f o r t h e m a j o r i t y o f c a s e s , a n e x t r a p o l a t i o n o f t h e 
I R - U V c o n t i n u u m t o h i g h e r f r e q u e n c i e s p a s s e s f a r b e l o w t h e 
X - r a y f l u x d e n s i t y . T h i s i m p l i e s t h a t X - r a y s e m i s s i o n 
a r i s e s e i t h e r f r o m a d i f f e r e n t p h y s i c a l p r o c e s s ( t h e r m a l o r 
i n v e r s e C o m p t o n e m i s s i o n ) o r f r o m a d i f f e r e n t r e g i o n , o r 
b o t h . T h e X - r a y s p e c t r a l s l o p e o f o u r s o u r c e s , t y p i c a l l y 
- 1 , i s g e n e r a l l y s t e e p e r t h a n t h e " u n i v e r s a l " s p e c t r a l 
s l o p e o f - 0 . 6 2 ( e . g . R o t h s c h i l d 1 9 8 3 ) , a l t h o u g h n o s i n g l e 
s p e c t r a l e l o p e c h a r a c t e r i z e s q u a s a r s i n t h e P a l o m a r -
G r e e n s u r v e y ( E l v i s e t a l . , t h i s v o l u m e ) . 

T h e r a d i a t e d p o w e r i n o u r s a m p l e i s d o m i n a t e d b y t h e 
c o n t r i b u t i o n f r o m t h e f a r i n f r a r e d t h r o u g h o p t i c a l 
r e g i o n s . T h i s may b e s e e n i n s o u r c e s s u c h a s 3 C 3 4 5 , w h e r e 
t h e l u m i n o s i t y o f t h e f l a t r a d i o s p e c t r u m i s c o m p a r a b l e t o 
t h a t f r o m t h e X - r a y r e g i o n ( i f e x t r a p o l a t e d t o 1 6 5 k e V w i t h 
a e l o p e o f - 0 . 6 2 ) b u t o n l y a b o u t a s i x t h o f t h e l u m i n o s i t y 
f r o m t h e f a r i n f r a r e d - u l t r a v i o l e t r e g i o n . T h e l u m i n o s i t y 
i n t h e b l u e b u m p i s o n l y a b o u t 0 . 6 5 * o f t h e t o t a l e m i t t e d 
p o w e r . 

When a c o m p a r i s o n i s m a d e b e t w e e n B L L a c e r t a e o b j e c t s 
a n d v i o l e n t l y v a r i a b l e q u a s a r s , n o o b v i o u s d i f f e r e n c e s a r e 
a p p a r e n t i n t h e s p e c t r a l s h a p e s a v e f o r t h e b l u e bump a n d 
t h e e m i s s i o n l i n e s . O n e v i o l e n t l y v a r i a b l e o b j e c t , 3 C 4 4 6 , 
h a d b e e n s u g g e s t e d t o b e a n o b j e c t i n t e r m e d i a t e b e t w e e n B L 
L a c e r t a e o b j e c t s a n d v i o l e n t l y v a r i a b l e q u a s a r s . I t i n d e e d 
h a s v e r y s m a l l e q u i v a l e n t w i d t h s i n t h e o p t i c a l r e g i o n , b u t 
t h e s p e c t r u m i s a l s o q u i t e s t e e p a n d t h e e q u i v a l e n t w i d t h s 
o f t h e u l t r a v i o l e t l i n e s a r e m o r e n e a r l y l i k e n o r m a l 
q u a s a r s . We f i n d t h a t f o r t h e n u m b e r o f i o n i z i n g p h o t o n s 
e m i t t e d b y 3 C 4 4 6 , i t s l i n e s t r e n g t h s a r e p e r f e c t l y n o r m a l 
( e . g . i t s c o v e r i n g f a c t o r i s l i k e n o r m a l q u a s a r s ) . T h e 
r a t i o o f t h e l i n e s t r e n g t h s t o t h e n u m b e r o f i o n i z i n g 
p h o t o n s i s a l s o n o r m a l f o r t h e v i o l e n t l y v a r i a b l e q u a s a r 
3 C 3 4 5 . K i n n e y e t a l . ( 1 9 8 5 ) f o u n d t h a t t h e r e w a s l i t t l e 
d i s p e r s i o n i n t h i s r a t i o i n n o r m a l q u a s a r s a n d a r g u e d t h a t 
t h i s i m p l i e d t h a t t h e i o n i z i n g r a d i a t i o n i s n o t 
r e l a t i v i s t i c a l l y b e a m e d i n t o a s m a l l o p e n i n g a n g l e . B y 
a n a l o g y , t h e i o n i z i n g r a d i a t i o n f r o m t h e v i o l e n t l y v a r i a b l e 
q u a s a r s 3 C 3 4 5 a n d 3 C 4 4 6 i s a l s o n o t b e a m e d . 

3 . V A R I A B I L I T Y 

E a c h o f t h e s o u r c e s w e r e s e l e c t e d b e c a u s e t h e y h a v e 
s h o w n v a r i a b i l i t y i n t h e o p t i c a l a n d r a d i o w a v e b a n d s . I n 
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3 C 3 4 5 a n d O J 2 8 7 , t h e r e a p p e a r s t o b e a c o n n e c t i o n i n t h e 
v a r i a t i o n i n t h e s e t w o w a v e b a n d s . I n 3 C 3 4 5 , i n f r a r e d a n d 
o p t i c a l m o n i t o r i n g d a t a r e v e a l f i v e o u t b u r s t s d u r i n g a 16 
y e a r p e r i o d . T h e r e a r e a l s o f i v e o u t b u r s t s d e f i n e d b y t h e 
1 5 G H z a n d 9 0 G H z d a t a . T h e r a d i o o u t b u r s t s a r e e i t h e r 
c o i n c i d e n t w i t h o r f o l l o w t h e I R - o p t i c a l o u t b u r s t s b y 1 - 2 
y e a r s , a n d t h e 9 0 G H z o u t b u r s t s p r e c e d e t h e 1 5 G H z 
o u t b u r s t s , t y p i c a l l y b y a y e a r . T h e o n s e t o f o u t b u r s t s a s 
d e f i n e d b y t h e i n f r a r e d o r m i l l i m e t e r d a t a c o i n c i d e 
w i t h t h e z e r o s e p a r a t i o n o f i n d i v i d u a l s u p e r l u m i n a l 
c o m p o n e n t s . O n e i n t e r p r e t a t i o n o f t h e s e e v e n t s i s t h a t t h e 
p l a s m a r e s p o n s i b l e f o r o p t i c a l o u t b u r s t s m o v e s o u t w a r d , 
e v e n t u a l l y b e c o m i n g t r a n s p a r e n t a t r a d i o w a v e l e n g t h s a n d 
d i s t i n c t a s a V L B I c o m p o n e n t a s i t s e p a r a t e s f r o m t h e 
c o r e . 

T h e s p e c t r a l v a r i a t i o n i n t h e I R - U V r e g i o n d u r i n g 
o u t b u r s t s c a n d i f f e r f r o m o n e o b j e c t t o a n o t h e r . D u r i n g 
t h e d r a m a t i c o u t b u r s t i n 1 1 5 6 + 2 9 5 , t h e s p e c t r u m r e t a i n e d 
i t s s h a p e a s i t d i m m e d ( o v e r a p e r i o d o f a b o u t a w e e k ) . 
H o w e v e r , a m o n t h l a t e r w h e n t h e s o u r c e w a s f a i n t e r , t h e 
s p e c t r u m w a s s t e e p e r a n d d a i l y f l u x m e a s u r e m e n t s a t t h a t 
t i m e a l s o s h o w e d n o c h a n g e i n t h e s p e c t r a l s h a p e . F l u x 
v a r i a t i o n i n w h i c h t h e s p e c t r a l s h a p e i s p r e s e r v e d i s q u i t e 
common a n d h a s b e e n s e e n i n 0 7 3 5 + 1 7 8 , O J 2 8 7 , a n d o t h e r 
o b j e c t s . I n 3 C 3 4 5 , s p e c t r a l v a r i a t i o n i s d r a m a t i c a n d 
d u r i n g a p a r t i c u l a r i n f r a r e d o u t b u r s t , t h e 1 0 Hm f l u x 
c h a n g e d l e s s t h a n a t h i g h e r f r e q u e n c i e s , s o t h e s p e c t r u m 
b e c a m e h a r d e r w h e n t h e s o u r c e b r i g h t e n e d a n d s o f t e n e d w h e n 
i t f a d e d . I n t h e f o l l o w i n g y e a r , a g e n e r a l d i m m i n g 
o c c u r r e d t h a t w a s b a r e l y p e r c e p t i b l e a t 1 0 0 pm ( 8 * d i m m i n g ) 
b u t b e c a m e m o r e d r a m a t i c a t h i g h e r f r e q u e n c i e s a n d 
d e c r e a s e d b y a f a c t o r o f 2 . 5 a t 0 . 5 5 p m . T h i s f l u x 
v a r i a t i o n i s m o s t e a s i l y m o d e l e d b y a h a r d a n d s o f t 
c o m p o n e n t , w h e r e t h e h a r d c o m p o n e n t a p p e a r s a n d t h e n 
f a d e s . 

T h e c o n n e c t i o n b e t w e e n X - r a y v a r i a b i l i t y a n d t h e 
e m i s s i o n a t o t h e r w a v e l e n g t h s i s e s p e c i a l l y c o m p l e x . F o r 
I Z w - 1 8 7 , t h e X - r a y s a r e p r o b a b l y j u s t a n e x t e n s i o n o f t h e 
I R - U V e m i s s i o n ( t h e t i m e s c a l e a n d a m p l i t u d e o f v a r i a t i o n i s 
t h e s a m e i n a l l w a v e b a n d s a n d t h e X - r a y s a r e s m o o t h l y 
c o n n e c t e d t o t h e I R - U V e m i s s i o n ) . H o w e v e r , i n 0 7 3 5 + 1 7 8 , 
t h e o p t i c a l f l u x c h a n g e d b y 350% w h i l e t h e X - r a y e m i s s i o n 
w a s u n c h a n g e d t o w i t h i n t h e u n c e r t a i n t i e s o f t h e E i n s t e i n 
O b s e r v a t o r y (30%; t h e X - r a y s may b e c o n s i s t e n t w i t h t h e 
r a d i o v a r i a t i o n i n w h i c h t h e f l u x e s c h a n g e d b y 5 - 4 0 * , 
d e p e n d i n g u p o n t h e f r e q u e n c y ) . I n 3 C 3 4 5 , t h e X - r a y 
v a r i a t i o n i s n o t c l o s e l y c o r r e l a t e d w i t h t h e I R - o p t i c a l 
c h a n g e s , b u t a p p e a r s t o b e r e l a t e d t o t h e r a d i o f l u x 
v a r i a t i o n . T h e s o u r c e s 3 C 4 4 6 , a n d 0 J 2 8 7 s h o w o p t i c a l a n d 
X - r a y f l u x v a r i a t i o n s t h a t s e e m t o o c c u r a t n e a r l y t h e s a m e 
t i m e a n d e i t h e r w i t h s i m i l a r a m p l i t u d e s o r w i t h g r e a t e r 
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X - r a y f l u x v a r i a t i o n . H o w e v e r , 1 1 5 6 * 2 9 5 s h o w e d a n X - r a y 
o u t b u r s t f l a n k e d b y t w o o p t i c a l o u t b u r s t s , a l l o f 
c o m p a r a b l e a m p l i t u d e ( i t i s i m p o s s i b l e t o t e l l w h e t h e r t h e 
X - r a y o u t b u r s t p r e c e d e s o r f o l l o w s t h e o p t i c a l o u t b u r s t ) . 
I n t h e h a n d f u l o f s o u r c e s s t u d i e s , t h e a s s o r t m e n t o f X - r a y 
t o o p t i c a l b e h a v i o r i s a s t o n i s h i n g . T h e r e s u l t s i m p l y t h a t 
X - r a y s a r e p r o d u c e d i n s e v e r a l r e g i o n s o f ( a n d ) b y s e v e r a l 
p r o c e s s e s · 

4 . M O D E L I N G 

T h e s y n c h r o t r o n - s e l f - C o m p t o n m o d e l h a s f r e q u e n t l y b e e n 
a p p l i e d t o d a t a s u c h a s o u r s . T h i s m o d e l c a n b e a p p l i e d t o 
o u r d a t a w h e n we a s s u m e ( 1 ) t h a t t h e t u r n o v e r i n t h e 
m i l l i m e t e r a n d s u b m i l l i m e t e r r e g i o n i s t h e f r e q u e n c y a t 
w h i c h t h e s o u r c e b e c o m e s e n t i r e l y t r a n s p a r e n t a n d ( 2 ) t h a t 
t h e X - r a y s a r e p r o d u c e d t h r o u g h t h e i n v e r s e C o m p t o n p r o c e s s 
b y t h e s a m e e l e c t r o n s r e s p o n s i b l e f o r t h e s u b m i l l i m e t e r 
f l u x . T h e m o d e l r e s u l t s i n d i c a t e t h a t t h e p l a s m a c a u s i n g 
t h e s u b m i l l i m e t e r e m i s s i o n h a s a m a g n e t i c f i e l d o f 0 . 1 -
1 0 0 G , a s i z e o f 1 0 * 6 - l O * ? c m , a n d a d e n s i t y o f 1 0 -
1 0 4 c m " 3 ( a s s u m i n g a m i n i m u m e l e c t r o n e n e r g y o f 1 5 M e V ) . 
R e l a t i v i s t i c b u l k m o t i o n i s m o d e s t , w i t h L o r e n t z f a c t o r s o f 
1 - 3 . T h e s e p r o p e r t i e s f o r t h e e m i t t i n g p l a s m a a r e 
s i g n i f i c a n t l y d i f f e r e n t f r o m t h o s e f o u n d i n t h e G H z r e g i o n , 
w h e r e t h e s i z e s a r e g r e a t e r b y a h u n d r e d f o l d w h i l e t h e 
d e n s i t i e s a n d m a g n e t i c f i e l d s a r e 1 θ 2 - ι ο 5 t i m e s s m a l l e r . 
T h e v a r i a b i l i t y d a t a i n d i c a t e t h a t t h e o p t i c a l , 
u l t r a v i o l e t , a n d ( s o m e t i m e s ) t h e X - r a y e m i t t i n g r e g i o n s may 
b e c o n s i d e r a b l y s m a l l e r t h a n t h e s u b m i l l i m e t e r r e g i o n , w i t h 
m o r e i n t e n s e m a g n e t i c f i e l d s i m b e d d e d i n a d e n s e r p l a s m a . 
C o m p l e x s y n c h r o t r o n - s e l f - C o m p t o n m o d e l s w i t h s p e c i a l 
g e o m e t r i e s , v a r i a t i o n o f t h e p l a s m a p a r a m e t e r s w i t h r a d i u s 
a n d b u l k a c c e l e r a t i o n o f t h e p l a s m a h a v e b e e n d e v e l o p e d b y 
a n u m b e r o f w o r k e r s a n d p r o v i d e a m o r e r e a l i s t i c a p p r o a c h 
t o i n t e r p r e t i n g t h e o b s e r v a t i o n s ( B l a n d f o r d a n d K o n i g l 
1 9 7 9 ; H a r s c h e r 1 9 8 0 , 1 9 8 3 ; K o n i g l 1 9 8 1 , R e y n o l d s 1 9 8 2 a , b ) . 
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DISCUSSION 

Abramowicz : What is the relative number of objects which show quasi 
periodic variations to those which do not ? 

Bregman : To answer this question, one would need a complete sample of 
high polarization sources. We have not observed a complete sample, but 
have selected sources that are known to have outbursts and that are 
bright enough to be observed with the IUE. 

Cowsik : What are the reasons to believe that the continuum radiation is 
generated through Synchrotron and Compton processes ? 

Bregman : These sources are highly polarized in the 3R -optical region 
and they vary rapidly, giving information on the size. As others have 
argued, these facts suggest synchrotron emission. There is little evid-
ence that the X-ray emission in inverse Compton radiation and this must 
be regarded as an assumption. 

McAdam : Could you clarify the correlation between optical-infrared 
bursts and radio variability - In your presentation you said 4 or 5 out-
burst ~1 year earlier. Yet your abstract states .. "usually followed by 
radio outbursts ... 11 Is the correlation significant ? 

Bregman : The outbursts are easy to identify but there is sometimes a 
problem in determining the beginning of an outburst when the sampling 
rate is too low. I encourage you to look at the data, which will appear 
in the Ap. J., Feb. 15, 1986. The connection between JR -optical and 
radio outbursts seems quite clear and we plan to examine this more qua-
ntitatively with Fourier techniques. 

Cohen : In Neugebauer1s ]R burst, a new hard component is needed because 
the radiative time scale is wrong for the existing soft component. In 
that case, how can the short time scale be explained for the hard compo-
nent ? 

Bregman : It is likely that the outburst occurs in a region much smaller 
than the size deduced from the multifrequency spectrum, which addresses 
the size of the emitting region where τ = 1 (in the millimeter region 
in 3C345). The decay of the hard component may be due to adiabatic expa-
nsion as the plasma flows into a larger region. 
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