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ABSTRACT 

The problem of the order of magnitude discrepancy in the expected 
and observed ratios of the Lyman and Balmer lines in quasars and active 
galaxies is reviewed. Whereas early photoionization models for the 
emission line regions predicted F(La)/F(H(3) £ 40, the observations give 
values for this ratio in the range 3-8. Attempts at explaining the 
observations have involved dust, both external and internal to the 
emission line regions, and improved treatments of the collisional pro­
cesses and radiative transfer effects in dense (N e ^ 1 0 1 0 cm" 3), opti­
cally thick clouds. None of the effects considered is, by itself, able 
to explain all the observations, and a combination of several of them 
is probably required. 

The most significant result which has so far come from ultraviolet 
observations of quasars and active nuclei is the realization that the 
intensity ratios of ultraviolet and optical lines are not at all what 
was expected a few years ago. In attempting to construct photoioniza­
tion models for quasar emission line regions, most authors (e.g. 
Davidson 1972, MacAlpine 1972) assumed F(La)/F(H3) = 40, based on 
ordinary radiative recombination theory with a small additional contri­
bution of collisionally excited La. However, a compilation of photo­
graphic data on equivalent widths by Chan and Burbidge (1975) suggested 
F(La)/F(HB) * 18, while spectrophotometric data by Baldwin (1977) 
yielded F(La)/F(Hg) * 3 for a composite of 26 QSO's of various redshifts. 
Reddening by dust was an obvious candidate to explain the order of mag­
nitude discrepancy in the predicted and observed La/H3 ratio, but 
Baldwin argued that the absence or weakness of the 2175 A feature in 
several quasars indicated the continua were not generally reddened. 
Steep Balmer decrements in quasars and Seyfert nuclei had also often 
been ascribed to reddening, but observations of the Pa/H$ ratio in 
3C 273 by Grasdalen (1976) apparently ruled out reddening of the emission 
line region for at least, that one object. 
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B a l d w i n ( 1 9 7 7 ) a l s o p o i n t e d o u t t h a t i t w a s n o t a t a l l c l e a r t h a t 
a d e p r e s s e d La f l u x was r e s p o n s i b l e f o r t h e d i s c r e p a n t La /H$ r a t i o . I n ­
d e e d , t h e g e n e r a l a b s e n c e o f Lyman c o n t i n u u m a b s o r p t i o n i n h i g h r e d s h i f t 
q u a s a r s w a s t a k e n t o i n d i c a t e t h a t t h e o p t i c a l l y t h i c k e m i s s i o n l i n e 
c l o u d s s u r r o u n d i n g t h e c e n t r a l c o n t i n u u m s o u r c e c o v e r e d o n l y a s m a l l 
f r a c t i o n o f t h e s k y , o f o r d e r 1 0 p e r c e n t , and t h e t y p i c a l La e q u i v a l e n t 
w i d t h s o b s e r v e d w e r e c o n s i s t e n t w i t h t h i s o n l y i f La h a d n o t b e e n s u b ­
s t a n t i a l l y r e d u c e d by d u s t o r a n y o t h e r m e a n s . B a l d w i n w a s l e a d t o 
s u g g e s t t h a t p e r h a p s t h e B a l m e r l i n e s h a v e i n s t e a d b e e n s u b s t a n t i a l l y 
e n h a n c e d b y c o l l i s i o n s o r r a d i a t i v e t r a n s f e r e f f e c t s . A l t e r n a t i v e l y i t 
w a s p o s s i b l e t h a t t h e c o m p o s i t e QSO s p e c t r u m w a s m e a n i n g l e s s b e c a u s e 
h i g h a n d l o w r e d s h i f t QSOs w e r e i n t r i n s i c a l l y d i f f e r e n t . B a l d w i n c o n ­
c l u d e d b y r e c o m m e n d i n g t h a t s i m u l t a n e o u s u v and o p t i c a l o b s e r v a t i o n s o f 
Lyman and B a l m e r l i n e s i n q u a s a r s and S e y f e r t g a l a x i e s s h o u l d b e m a d e . 

P r e p a r a t i o n s f o r s u c h o b s e r v a t i o n s w i t h a r o c k e t - b o r n e t e l e s c o p e 
h a d b e e n underway i n o u r g r o u p s i n c e S p r i n g o f 1 9 7 6 , and i n A p r i l 1 9 7 7 
t h e F a i n t O b j e c t T e l e s c o p e (FOT) o b t a i n e d t h e f i r s t f a r - u l t r a v i o l e t 
s p e c t r u m o f t h e q u a s a r 3C 2 7 3 ( D a v i d s e n , H a r t i g and F a s t i e 1 9 7 7 ) . The 
o r d e r o f m a g n i t u d e l o w L a / H 3 r a t i o w a s i n d e p e n d e n t l y d i s c o v e r e d i n t h i s 
o b s e r v a t i o n and a l s o i n f e r r e d a t a b o u t t h e same t i m e by Wu ( 1 9 7 7 ) , f rom 
b r o a d b a n d uv o b s e r v a t i o n s o f 3C 2 7 3 w i t h t h e ANS s a t e l l i t e . The ANS 
o b s e r v a t i o n s d i d n o t e x t e n d t o w a v e l e n g t h s a s s h o r t a s L a , b u t y i e l d e d 
an e s t i m a t e o f t h e C IV f l u x , f r o m w h i c h F ( L a ) c o u l d b e i n f e r r e d . Wu 
( 1 9 7 7 ) i n t e r p r e t e d t h e ANS r e s u l t s i n t e r m s o f r e d d e n i n g o f t h e l i n e s 
and c o n t i n u u m i n 3C 2 7 3 . 

The a b s o l u t e f l u x e s r e p o r t e d by D a v i d s e n , H a r t i g , and F a s t i e ( 1 9 7 7 ) 
h a v e b e e n r e v i s e d , due m a i n l y t o t h e d i s c o v e r y o f a p r e v i o u s l y unknown 
t e l e m e t r y s y s t e m d e a d t i m e c o r r e c t i o n d u r i n g p r e p a r a t i o n s f o r a s e c o n d 
l a u n c h o f t h e FOT ( H a r t i g 1 9 7 8 ) . The c o r r e c t e d o b s e r v e d La f l u x i s 
F ( L a ) = 1 2 . 3 ( ± 2 . 0 ) x 1 0 " Y 2 e r g c m " 2 s " 1 . The La f l u x i n 3C 2 7 3 h a s 
a l s o b e e n m e a s u r e d w i t h IUE, ( B o k s e n b e r g et al. 1 9 7 8 , B o g g e s s et al. 
1 9 7 9 ) w i t h t h e r e s u l t t h a t F ( L a ) = 1 1 . 5 x l O " 1 2 e r g c n T 2 s " 1 i n t h e 
o b s e r v e d f r a m e ( B o g g e s s e t a l . ) . Thus t h e r e i s e x c e l l e n t a g r e e m e n t 
b e t w e e n t h e IUE a n d FOT o b s e r v a t i o n s o f La i n 3C 2 7 3 . U s i n g t h e r e c e n t 
o p t i c a l s p e c t r o p h o t o m e t r y r e p o r t e d b y B o g g e s s e t al . , w h i c h g i v e s 
F(Hg) = 2 . 1 x 1 0 ~ 1 2 e r g cm""2 s""1 i n t h e o b s e r v e d f r a m e , we h a v e 
F ( L a ) / F ( H 3 ) = 5 . 7 , u n c e r t a i n b y p e r h a p s ± 2 5 p e r c e n t . N o t e t h a t d i f ­
f e r e n c e s among v a r i o u s m e a s u r e s o f t h e HB f l u x a r e a s l a r g e a s t h o s e 
f o r L a . 

The c o n t i n u u m f l u x r e p o r t e d f o r 3C 2 7 3 b y D a v i d s e n , H a r t i g and 
F a s t i e ( 1 9 7 7 ) m u s t a l s o b e r e v i s e d , f o r t h e same r e a s o n m e n t i o n e d a b o v e , 
w i t h t h e r e s u l t t h a t F v ( X o b s = 1 4 0 0 I) = 1 . 2 ( ± 0 . 2 ) x 1 0 ~ 2 5 e r g c m " 2 s " 1 

H z " 1 . T h i s i s a l s o i n e x c e l l e n t a g r e e m e n t w i t h t h e r e s u l t s o f B o g g e s s 
e t al. ( 1 9 7 9 ) u s i n g I U E . E x t r a p o l a t i n g t o t h e Lyman l i m i t a s v " a , w i t h 
a = 0 . 4 3 ( B o g g e s s e t a l . ) and c o n v e r t i n g t o t h e e m i t t e d f r a m e 
( H Q = 5 0 km s - 1 , q Q = 1 ) , we f i n d L v = 1 . 0 x 1 0 3 1 e r g s ^ H z - 1 f o r t h e 
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l u m i n o s i t y a t 1 R y d b e r g . T h i s r e s u l t i n c l u d e s n o c o r r e c t i o n f o r any 
p o s s i b l e r e d d e n i n g o f t h e c o n t i n u u m . B o g g e s s e t al. d e t e c t e d n o 2 1 7 5 & 
f e a t u r e , e i t h e r i n t h e r e s t f rame o f 3C 2 7 3 o r o f o u r G a l a x y , w i t h a 
l i m i t E B _ V J l O . 0 6 f o r t h e e x t i n c t i o n c u r v e o f Code e t al. ( 1 9 7 6 ) . The 
c o r r e s p o n d i n g u p p e r l i m i t o n t h e f a c t o r by w h i c h F ( L a ) / F ( H $ ) c o u l d b e 
r e d u c e d ( a s s u m i n g t h e same r e d d e n i n g l i m i t a p p l i e s t o l i n e s a s w e l l a s 
c o n t i n u u m ) i s 1 . 4 . Taken t o g e t h e r w i t h t h e Pa o b s e r v a t i o n s ( G r a s d a l e n 
1 9 7 6 , P u e t t e r e t al: 1 9 7 8 ) i t i s c l e a r t h a t r e d d e n i n g by i n t e r v e n i n g 
d u s t c a n n o t e x p l a i n t h e u v / o p t i c a l l i n e r a t i o s i n 3C 2 7 3 u n l e s s t h e 
p r o p e r t i e s o f t h e d u s t a r e q u i t e d i f f e r e n t f r o m t h a t i n o u r G a l a x y . 

S h o r t l y a f t e r t h e f i r s t Lyman a o b s e r v a t i o n s o f q u a s a r s i n t h e u l ­
t r a v i o l e t w e r e m a d e , i n f r a r e d a s t r o n o m e r s w e r e a b l e t o m e a s u r e r e d -
s h i f t e d Ha i n t h e s p e c t r a o f h i g h r e d s h i f t o b j e c t s , w h e r e La w a s o b s e r v e d 
i n t h e o p t i c a l . R a t i o s F ( L a ) / F ( H a ) = 1 . 7 ± 0 . 6 f o r PKS 0 2 3 7 - 2 3 ( H y l a n d , 
B e c k l i n and N e u g e b a u e r 1 9 7 8 ) , ^ 0 . 8 f o r B2 1 2 2 5 + 3 1 7 ( S o i f e r e t al. 1 9 7 9 ) 
a n d ^ 0 . 3 4 f o r t h e same o b j e c t ( P u e t t e r , S m i t h and W i l l n e r 1 9 7 9 ) w e r e 
f o u n d . U s i n g t y p i c a l B a l m e r d e c r e m e n t s f o r q u a s a r s , t h e c o r r e s p o n d i n g 
v a l u e s o f F ( L a ) / F ( H p ) a r e ^ 3 - 8 , c o n s i s t e n t w i t h t h a t o b s e r v e d f o r 3C 2 7 3 . 

S u b s e q u e n t l y t h e u l t r a v i o l e t s p e c t r a o f a l a r g e number o f g a l a x i e s 
a n d q u a s a r s h a v e b e e n o b s e r v e d w i t h IUE. O b j e c t s f o r w h i c h uv f l u x e s 
h a v e a p p e a r e d i n t h e l i t e r a t u r e a r e l i s t e d i n T a b l e 1 , w h e r e I h a v e 
g i v e n , i n a d d i t i o n t o t h e La/H3 r a t i o , t h e r a t i o s He I I ( 1 6 4 0 ) / H e I I ( 4 6 8 6 ) 
and C I V ( 1 5 5 0 ) / H $ . Many a d d i t i o n a l o b j e c t s w i l l b e a d d e d from c o n t i n u i n g 
o b s e r v a t i o n s w i t h IUE ( s e e t h e p a p e r s b y M. P e n s t o n a n d R. G r e e n i n 

TABLE 1 . U V / o p t i c a l L i n e R a t i o s i n Q u a s a r s and A c t i v e G a l a x i e s 

O b j e c t La/Hg He 1 1 ( 1 6 4 0 ) / H e 1 1 ( 4 6 8 6 ) C IV/H3 

3C 2 7 3 5 . 7 — 2 . 0 

PG 0 0 2 6 + 1 2 9 6 — — 
NGC 4 1 5 1 2 . 7 - 4 . 4 1 . 3 - 2 . 0 2 - 4 

NGC 1 0 6 8 — 3 - 4 4 . 1 

3C 1 2 0 4 . 8 2 . 3 9 . 7 

Mrk 79 2 . 2 2 4 1 2 . 1 

3C 3 9 0 . 3 
b r o a d l i n e s 3 . 1 — 1 . 9 
n a r r o w l i n e s 35 £ 1 0 14 

C o m p o s i t e QSO 2 2 . 8 1 . 5 1 . 2 

n o t e s : 1 0 n l y a weak n a r r o w He I I X4686 f e a t u r e w a s f o u n d b y Oke and 
L a u e r ( 1 9 7 9 ) , b u t t h e s p e c t r u m i n t h i s r e g i o n i s a f f e c t e d by 
s t r o n g F e I I b l e n d s . 

2 C o m p i l e d by S h u d e r and M a c A l p i n e ( 1 9 7 9 ) . 

https://doi.org/10.1017/S0074180900068613 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900068613


2 3 8 A R T H U R F. D A V I D S E N 

t h i s S y m p o s i u m ) . Wi th o n e e x c e p t i o n ( t h e n a r r o w l i n e c o m p o n e n t i n 
3C 3 9 0 . 3 [ F e r l a n d e t al. 1 9 7 9 ] , d i s c u s s e d b e l o w ) t h e o b s e r v a t i o n s a l l 
i n d i c a t e t h a t t h e La/H$ i n t e n s i t y r a t i o i s a b o u t an o r d e r o f m a g n i t u d e 
s m a l l e r t h a n e x p e c t e d f r o m s i m p l e m o d e l s f o r t h e e m i s s i o n l i n e r e g i o n s 
i n q u a s a r s and a c t i v e n u c l e i . 

E f f o r t s t o u n d e r s t a n d t h e s m a l l u v t o o p t i c a l l i n e i n t e n s i t y r a t i o s 
may b e d i v i d e d i n t o two g e n e r a l c l a s s e s : ( 1 ) t h o s e w h i c h h a v e c o n s i d e r e d 
v a r i o u s c o l l i s i o n a l and r a d i a t i v e t r a n s f e r e f f e c t s i n a p u r e l y g a s e o u s 
e m i s s i o n l i n e c l o u d , and ( 2 ) t h o s e w h i c h h a v e c o n s i d e r e d t h e p o s s i b l e 
e f f e c t s o f d u s t on t h e l i n e r a t i o s . The l a t t e r c l a s s may b e f u r t h e r 
d i v i d e d i n t o t h o s e w h e r e t h e d u s t i s ( a ) i n t e r n a l , a f f e c t i n g t h e i o n i z a ­
t i o n s t r u c t u r e and t h e r m a l b a l a n c e o f t h e c l o u d a s w e l l a s a t t e n u a t i n g 
r e s o n a n c e l i n e s w h i c h a r e m u l t i p l y s c a t t e r e d b e f o r e e s c a p i n g , and 
( b ) e x t e r n a l , r e d u c i n g t h e o b s e r v e d i n t e n s i t y o f a l l u v l i n e s and c o n ­
t i n u u m r e l a t i v e t o t h e o p t i c a l b y an e x t i n c t i o n l a w more o r l e s s s i m i l a r 
t o t h a t p r o d u c e d by d u s t i n o u r own G a l a x y . 

The e a r l i e s t e x t e n s i v e d i s c u s s i o n o f t h e Lct/H3 p r o b l e m i s b y K r o l i k 
and McKee ( 1 9 7 8 ) , who c o n s i d e r e d m o d e l s w i t h N e :L 1 0 - 1 0 c m " 3 and f o u n d 
t h a t c o l l i s i o n a l d e - e x c i t a t i o n o f n = 2 , t o g e t h e r w i t h l a r g e o p t i c a l 
d e p t h s , c o u l d p o t e n t i a l l y e x p l a i n t h e La/H$ r a t i o , t h e s t e e p B a l m e r 
d e c r e m e n t , and t h e Pa /Hg r a t i o i n 3C 2 7 3 . A l i m i t a t i o n o f t h e c a l c u l a ­
t i o n , h o w e v e r , w a s t h a t i t w a s e s s e n t i a l l y a h o m o g e n e o u s m o d e l , e m p l o y ­
i n g a mean e s c a p e p r o b a b i l i t y c a l c u l a t i o n f o r t h e l i n e s t r e n g t h s . S u b ­
s e q u e n t l y F e r l a n d and N e t z e r ( 1 9 7 9 ) e m p l o y e d Monte C a r l o c a l c u l a t i o n s , 
w h i c h t a k e i n t o a c c o u n t t h e o p t i c a l d e p t h w h e r e e a c h p h o t o n i s c r e a t e d , 
and f o u n d t h a t f o r N e 1 0 1 0 cm"*3 t h e o v e r a l l d e s t r u c t i o n o f La i s n o t 
s u b s t a n t i a l . They s h o w e d t h a t much o f t h e La i s p r o d u c e d b y r e c o m b i n a ­
t i o n s a t r e l a t i v e l y s m a l l o p t i c a l d e p t h w h e r e i t c a n e s c a p e e a s i l y . 
O n l y t h e c o l l i s i o n a l l y e x c i t e d L a , c r e a t e d d e e p e r i n t h e c l o u d , w a s 
e f f e c t i v e l y d e s t r o y e d . S i n c e o b s e r v a t i o n s o f C I I I ] X1909 i n q u a s a r s 
i n d i c a t e t h a t N e £ 1 0 1 0 c m ~ 3 , F e r l a n d and N e t z e r c o n c l u d e d t h a t c o l ­
l i s i o n a l a n d r a d i a t i v e t r a n s f e r e f f e c t s i n a p u r e l y g a s e o u s n e b u l a 
c a n n o t r e d u c e t h e La/H3 i n t e n s i t y r a t i o s u b s t a n t i a l l y b e l o w i t s r e c o m ­
b i n a t i o n v a l u e o f ^ 3 5 . I n s t e a d t h e y s u g g e s t t h a t d u s t m u s t b e i n v o k e d 
t o e x p l a i n t h e l o w o b s e r v e d r a t i o . London ( 1 9 7 9 ) a l s o s u g g e s t e d t h a t 
d u s t w a s t h e m o s t p r o m i s i n g m e c h a n i s m f o r r e d u c i n g F ( L a ) / F ( H £ ) . 

The e f f e c t o f i n t e r n a l d u s t , m i x e d w i t h t h e e m i s s i o n l i n e g a s i n 
q u a s a r s , h a s b e e n c o n s i d e r e d i n some d e t a i l b y B a l d w i n and N e t z e r ( 1 9 7 8 ) , 
F e r l a n d and N e t z e r ( 1 9 7 9 ) , a n d S h u d e r and M a c A l p i n e ( 1 9 7 9 ) . I n t e r n a l 
d u s t c a n , o f c o u r s e , b e v e r y e f f e c t i v e a t d e s t r o y i n g r e s o n a n t l y t r a p p e d 
La ( a n d t o a l e s s e r e x t e n t C IV X 1 5 5 0 ) , b u t i f o n e t r i e s t o r e d u c e 
F ( L a ) / F ( H $ ) t o t h e o b s e r v e d v a l u e i n t h i s w a y , o t h e r l i n e r a t i o s 
p r e s e n t p r o b l e m s . F o r e x a m p l e , He I I X1640 b e c o m e s t o o s t r o n g r e l a t i v e 
t o L a . B a l d w i n and N e t z e r ( 1 9 7 8 ) c i t e t h e o b s e r v e d He I I X 1 6 4 0 / L a 
r a t i o , w h i c h i s a b o u t a f a c t o r 2 l a r g e r t h a n e x p e c t e d i n many q u a s a r s , 
a s e v i d e n c e t h a t a s m a l l amount o f i n t e r n a l d u s t i s a t t e n u a t i n g L a . 
H o w e v e r , F e r l a n d and N e t z e r a n d S h u d e r and M a c A l p i n e d e m o n s t r a t e t h a t 
t h e amount o f i n t e r n a l d u s t p e r m i t t e d b y t h i s and o t h e r l i n e r a t i o s i s 
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t o o s m a l l ( p e r h a p s 10 p e r c e n t o f t h e g a l a c t i c d u s t - t o - g a s r a t i o ) t o 
e x p l a i n t h e o b s e r v e d La/Hg r a t i o . They s u g g e s t t h a t , i n a d d i t i o n t o 
i n t e r n a l d u s t , t h e r e m u s t b e e x t e r n a l d u s t , e i t h e r s u r r o u n d i n g t h e 
q u a s a r o r s o m e w h e r e a l o n g t h e l i n e o f s i g h t . 

The c a s e f o r e x t i n c t i o n i n q u a s a r s and S e y f e r t n u c l e i b y e x t e r n a l 
d u s t h a s b e e n made b y N e t z e r and D a v i d s o n ( 1 9 7 9 ) . They s u g g e s t t h a t 
t h e r a t i o o f t h e He I I r e c o m b i n a t i o n l i n e s XX1640 , 4 6 8 6 p r o v i d e s a g o o d 
m e a s u r e o f r e d d e n i n g . S i n c e t h e t h e o r e t i c a l r a t i o , F ( 1 6 4 0 ) / F ( 4 6 8 6 ) = 6 . 6 
f o r n e = 10k c m - 3 , T e = 10koK ( B r o c k l e h u r s t 1 9 7 1 ) , i s n o t v e r y s e n s i t i v e 
t o d e n s i t y o r t e m p e r a t u r e , and b e c a u s e n e i t h e r l i n e i n v o l v e s t h e g r o u n d 
l e v e l s o t h a t t h e l i n e s s h o u l d b e o p t i c a l l y t h i n , t h i s r a t i o s h o u l d n o t 
b e a f f e c t e d much b y i n t e r n a l d e s t r u c t i o n m e c h a n i s m s . S i n c e t h e o b s e r v e d 
r a t i o i n s e v e r a l c a s e s ( s e e T a b l e 1 ) i s v L . 5 - 2 . 0 , and t h a t i n f e r r e d f o r 
a c o m p o s i t e QSO i s v L . 5 ( S h u d e r and M a c A l p i n e 1 9 7 9 ) , d i f f e r e n t i a l e x ­
t i n c t i o n o f a f a c t o r 3 - 4 b e t w e e n XX1640 and 4 6 8 6 may b e i n f e r r e d . U s i n g 
t h e r e d d e n i n g l a w o f Code e t al. ( 1 9 7 6 ) , t h i s c o r r e s p o n d s t o Eg_y ^ 
0 . 2 9 - 0 . 3 6 . The same r e d d e n i n g w o u l d y i e l d d i f f e r e n t i a l e x t i n c t i o n by 
a f a c t o r 5 . 5 - 8 . 3 b e t w e e n La and Hg. 

N e t z e r and D a v i d s o n h a v e a l s o s u g g e s t e d t h a t t h e 0 1 l i n e s XX1303 , 
8 4 4 6 p r o v i d e a n o t h e r g o o d r e d d e n i n g i n d i c a t o r . A p p r o x i m a t e l y e q u a l 
n u m b e r s o f p h o t o n s a r e e x p e c t e d i n t h e s e two l i n e s , s o t h a t 
F ( X 1 3 0 3 ) / F ( X 8 4 4 6 ) % 6 . 5 . 0 1 X1303 i s t y p i c a l l y q u i t e weak i n h i g h 
r e d s h i f t q u a s a r s a n d t h i s r a t i o i s t h e r e f o r e d i f f i c u l t t o m e a s u r e 
a c c u r a t e l y , b u t N e t z e r a n d D a v i d s o n c o n c l u d e F ( X 1 3 0 3 ) / F ( X 8 4 4 6 ) % 1 . 5 
g e n e r a l l y . The FOT o b s e r v a t i o n o f 3C 2 7 3 y i e l d e d a m a r g i n a l d e t e c t i o n 
o f 0 I X1303 w h i c h g a v e F ( X 1 3 0 3 ) / F(La) = 0 . 0 6 ( H a r t i g 1 9 7 8 ) . Oke a n d 
S h i e l d s ( 1 9 7 6 ) g i v e F ( X 8 4 4 6 ) / F ( H g ) = 0 . 3 3 , s o t h a t F ( X 1 3 0 3 ) / F ( X 8 4 4 6 ) * 
1 . 0 . The i m p l i e d r e d d e n i n g i s E g - y ^ 0 . 2 6 . The FOT o b s e r v a t i o n o f 
NGC 4 1 5 1 ( D a v i d s e n and H a r t i g 1 9 7 8 ) d e t e c t e d n o 0 I X1303 ( s e e T a b l e 2 ) . 
When c o m b i n e d w i t h t h e 0 I X8446 f l u x ( N e t z e r and P e n s t o n 1 9 7 6 ) t h e 
d a t a g i v e F ( X 1 3 0 3 ) / F ( X 8 4 4 6 ) £ 1 . 

We s e e t h a t t h e r a t i o s La /Hg, He I I X X 1 6 4 0 / 4 6 8 6 , and 0 I X X 1 3 0 3 / 8 4 4 6 
a l l may b e c o n s i s t e n t w i t h r e d d e n i n g b y a n o r m a l e x t i n c t i o n l a w w i t h 
E g _ y ^ 0 . 3 - 0 . 4 . As N e t z e r and D a v i d s o n p o i n t o u t , t h e e x t i n c t i o n m u s t 
o c c u r o u t s i d e t h e b r o a d e m i s s i o n l i n e r e g i o n s b e c a u s e i n t e r n a l d u s t 
w o u l d a f f e c t t h e r a t i o s d i f f e r e n t l y . I n some o b j e c t s r e d d e n i n g o f t h e 
n a r r o w l i n e g a s s u r r o u n d i n g t h e n u c l e u s h a d a l r e a d y b e e n d e d u c e d from 
t h e [ S I I ] XX4072 , 1 0 3 2 0 l i n e s (Wampler 1 9 6 8 , 1 9 7 1 ) . I n NGC 4 1 5 1 , f o r 
e x a m p l e , t h i s m e t h o d g i v e s E g - v = 0 . 2 4 ± 0 . 0 8 . T h u s , p e r h a p s t h e r e 
i s d u s t s u r r o u n d i n g a l l o f t h e s e o b j e c t s . I f t h i s i s t h e c a s e , t h e n 
t h e c o n t i n u u a a r e a l s o r e d d e n e d , a n d o n e i s l e a d t o t h e c o n c l u s i o n t h a t 
t h e l u m i n o s i t i e s o f q u a s a r s and S e y f e r t n u c l e i a r e i n t r i n s i c a l l y an 
o r d e r o f m a g n i t u d e l a r g e r t h a n p r e v i o u s l y t h o u g h t . I n many c a s e s t h e 
i n t r i n s i c c o n t i n u u m m u s t t h e n b e r i s i n g t o w a r d h i g h e r f r e q u e n c i e s i n 
t h e u l t r a v i o l e t ( N e t z e r and D a v i d s o n 1 9 7 9 ) . I f t h i s c o n c l u s i o n i s 
s u p p o r t e d b y f u r t h e r work i t w i l l s u r e l y r e p r e s e n t a v e r y s i g n i f i c a n t 
c o n t r i b u t i o n o f u l t r a v i o l e t s t u d i e s t o o u r u n d e r s t a n d i n g o f a c t i v e 
n u c l e i and q u a s a r s . 
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L e t me r e t u r n now t o some o f t h e more r e c e n t o b s e r v a t i o n s w i t h IUE 
t h a t a r e r e l e v a n t t o t h i s p r o b l e m . La w a s m e a s u r e d i n t h e q u a s a r 
PG 0 0 2 6 + 129 by B a l d w i n et al. ( 1 9 7 8 ) , w h i l e P u e t t e r e t al. ( 1 9 7 8 ) 
m e a s u r e d Hg and Pa i n t h e same o b j e c t . The r a t i o s a r e L a / H 3 / P a = 6 : 1 : 1 . 4 
a n d a r e c o n s i s t e n t w i t h r e d d e n i n g b y n o r m a l i n t e r v e n i n g m a t e r i a l ( B a l d w i n 
e t al. 1 9 7 8 ) , c o n t r a r y t o t h e r e s u l t f o r 3C 2 7 3 . 

Oke a n d Zimmerman ( 1 9 7 9 ) o b s e r v e d t h e g a l a x i e s 3C 1 2 0 and M a r k a r i a n 
79 w i t h IUE and f o u n d a d e p r e s s i o n a t ^ 2 2 0 0 A i n b o t h o b j e c t s . I n t e r ­
p r e t i n g t h i s a s e v i d e n c e f o r t h e 2 1 7 5 & i n t e r s t e l l a r e x t i n c t i o n f e a t u r e , 
t h e y f i n d E B _ V = 0 - 2 2 and 0 . 3 8 i n Mrk 79 and 3C 1 2 0 , r e s p e c t i v e l y . The 
s m a l l o b s e r v e d La /H3 r a t i o s ( s e e T a b l e 1 ) a r e t h e n a t l e a s t p a r t i a l l y 
o r c o m p l e t e l y ( f o r 3C 1 2 0 ) e x p l a i n e d by t h e i n f e r r e d r e d d e n i n g . 

An e x t r e m e l y i m p o r t a n t o b s e r v a t i o n r e l e v a n t t o t h i s p r o b l e m h a s 
r e c e n t l y b e e n r e p o r t e d b y F e r l a n d e t al. ( 1 9 7 9 ) , who o b s e r v e d t h e 
r a d i o g a l a x y 3C 3 9 0 . 3 w i t h I U E . They w e r e a b l e t o m e a s u r e s e p a r a t e l y 
t h e b r o a d and n a r r o w c o m p o n e n t s o f La ( a n d some o t h e r l i n e s ) and c a l c u ­
l a t e s e p a r a t e l y La/H3 f o r t h e b r o a d l i n e g a s and t h e more e x t e n d e d , 
l o w e r d e n s i t y n a r r o w l i n e g a s . The r e s u l t s a r e l i s t e d i n T a b l e 1 . We 
s e e t h a t t h e n a r r o w l i n e g a s d i s p l a y s n o r m a l r a t i o s , p e r h a p s r e d d e n e d 
s l i g h t l y by d u s t w i t h i n o u r G a l a x y ( E g _ v % 0 . 1 ) , b u t t h e b r o a d l i n e 
c o m p o n e n t h a s t h e s e v e r e l y d e p r e s s e d u v t o o p t i c a l l i n e r a t i o s o f t h e 
o t h e r o b j e c t s w h i c h h a v e b e e n o b s e r v e d . ( A l l t h e p r e v i o u s m e a s u r e m e n t s 
r e f e r r e d t o b r o a d l i n e g a s ) . Thus F e r l a n d e t al. c o n c l u d e t h a t e x t e r n a l 
r e d d e n i n g c a n n o t g e n e r a l l y e x p l a i n t h e r e d u c e d La/Hg r a t i o s o b s e r v e d . 
They a l s o u s e an e n e r g y b u d g e t a n a l y s i s t o a r g u e c o n v i n c i n g l y t h a t La 
h a s n o t b e e n s e v e r e l y a t t e n u a t e d b y i n t e r n a l d u s t , s i n c e i t c a r r i e s i t s 
e x p e c t e d f r a c t i o n o f t h e t o t a l c o o l i n g ( > 2 5 p e r c e n t ) i n b o t h t h e 
b r o a d and n a r r o w l i n e g a s i n 3C 3 9 0 . 3 and a l s o i n 3C 2 7 3 . F e r l a n d e t al. 
c o n c l u d e t h a t i t i s n o t t h a t La h a s n o t b e e n r e d u c e d , b u t t h a t t h e 
B a l m e r l i n e s h a v e b e e n e n h a n c e d b y c o l l i s i o n a l p r o c e s s e s a t N e _̂ 1 0 1 0 

- 3 cm . 

The o b s e r v a t i o n o f NGC 4 1 5 1 b y t h e FOT ( D a v i d s e n a n d H a r t i g 1 9 7 8 ) 
i s a l s o r e l e v a n t t o t h i s p r o b l e m . The s p e c t r u m o b t a i n e d i s shown i n 
F i g u r e 1 and f l u x e s a r e g i v e n i n T a b l e 29 w h e r e t h e y a r e c o m p a r e d w i t h 
t h e r e s u l t s o f p r e l i m i n a r y IUE o b s e r v a t i o n s ( B o k s e n b e r g e t al. 1 9 7 8 ) . 
B e c a u s e o f t h e s m a l l r e d s h i f t o f NGC 4 1 5 1 , La i s c o n t a m i n a t e d b y g e o -
c o r o n a l e m i s s i o n , f o r w h i c h a s u b s t a n t i a l c o r r e c t i o n h a s b e e n made i n 
t h e f l u x e s q u o t e d i n T a b l e 2 . La may a l s o b e a f f e c t e d b y i n t e r s t e l l a r 
a b s o r p t i o n w i t h i n o u r G a l a x y . The La/HB r a t i o i s 2 . 7 ± 0 . 8 (FOT) and 
4 . 4 ± 2 ( I U E , B o k s e n b e r g e t al. 1 9 7 8 ) . The He I I X 1 6 4 0 / X 4 6 8 6 r a t i o i s 
1 . 3 - 2 . 0 when t h e t o t a l l i n e s t r e n g t h s a r e c o m p a r e d , b u t t h e s i t u a t i o n 
h e r e i s s i m i l a r t o t h a t f o r 3C 3 9 0 . 3 . The X4686 p r o f i l e c o n s i s t s 
m o s t l y ( ^ 8 0 p e r c e n t ) o f a v e r y b r o a d c o m p o n e n t w i t h FWHM ^ 6 0 0 0 km s - 1 

( O s t e r b r o c k and K o s k i 1 9 7 6 ) a l o n g w i t h a n a r r o w c o m p o n e n t h a v i n g 
FWHM ^ 4 5 0 km s " 1 . F i g u r e 2 s h o w s t h e o b s e r v e d p r o f i l e o f He I I X 1 6 4 0 , 
w h i c h i s much n a r r o w e r t h a n t h e b r o a d c o m p o n e n t o f X 4 6 8 6 . ( T h e f e a t u r e 
l o n g w a r d o f X1640 i s i d e n t i f i e d a s 0 I I I ] X 1 6 6 3 , w h i l e t h e r i s e t o w a r d 
s h o r t e r X i s t h e b e g i n n i n g o f t h e v e r y b r o a d w i n g s o f C I V . ) The 
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F i g u r e 1 . F a r - u l t r a v i o l e t s p e c t r u m o f NGC 4 1 5 1 a s o b s e r v e d w i t h t h e 
FOT. The La p r o f i l e h a s b e e n c o r r e c t e d f o r g e o c o r o n a l e m i s s i o n 
e x t e n d i n g a c r o s s t h e w i d t h o f t h e h o r i z o n t a l b a r . The d a s h e d l i n e 
s h o w s t h e a s s u m e d c o n t i n u u m l e v e l . 

u v / o p t i c a l r a t i o s m u s t t h e r e f o r e b e v e r y d i f f e r e n t f o r t h e b r o a d and 
n a r r o w l i n e g a s , j u s t a s F e r l a n d e t al. ( 1 9 7 9 ) f o u n d i n 3C 3 9 0 . 3 . A 
b e s t f i t f o r t h e He I I X1640 p r o f i l e y i e l d s F ( 1 6 4 0 ) / F ( 4 6 8 6 ) £ 5 f o r 
t h e n a r r o w l i n e g a s , c o n s i s t e n t w i t h o n l y a s m a l l amount o f r e d d e n i n g 

E B - v ^ ( H a r t i g 1 9 7 8 ) . The b r o a d l i n e r a t i o i s much s m a l l e r 
b u t u n d e t e r m i n e d . E x t e r n a l r e d d e n i n g t h e r e f o r e d o e s n o t a p p e a r c a p a b l e 
o f e x p l a i n i n g t h e u v / o p t i c a l l i n e r a t i o s i n NGC 4 1 5 1 . 

Two v e r y r e c e n t p a p e r s ( C a n f i e l d and P u e t t e r 1 9 7 9 , Kwan and 
K r o l i k 1 9 7 9 ) h a v e r e p o r t e d i m p r o v e d p h o t o i o n i z a t i o n c a l c u l a t i o n s f o r 
p u r e l y g a s e o u s e m i s s i o n l i n e c l o u d s , i n c o r p o r a t i n g e x c i t a t i o n and 
i o n i z a t i o n f r o m e x c i t e d s t a t e s o f h y d r o g e n . I n t h e s e c a l c u l a t i o n s i t 
i s f o u n d t h a t a t l a r g e o p t i c a l d e p t h s w i t h i n t h e c l o u d t h e n=2 l e v e l 
i s s t r o n g l y p o p u l a t e d , a n d b o t h p h o t o i o n i z a t i o n s and c o l l i s i o n a l 
i o n i z a t i o n s f rom t h i s l e v e l a r e i m p o r t a n t . The i o n i z e d f r a c t i o n i s 
t h e r e f o r e m a i n t a i n e d a t a v e r y s i g n i f i c a n t l e v e l d e e p w i t h i n t h e c l o u d , 
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and the Balmer lines become the major coolant. The resulting Lyman/ 
Balmer line ratios agree well with the observations, without recourse 
to dust. They also show that La is not reduced in these models, but 
rather the Balmer lines are substantially enhanced. The results are 
consistent with the conclusions of Baldwin (1977), Puetter, Smith 
and Willner (1979), and Ferland et al. (1979). It still remains to 
be seen whether other uv/optical line ratios, e.g. those of 0 I and 
He II, can also be explained without resorting to dust. 

It is clear that ultraviolet spectrophotometry of quasars and 
Seyfert galaxies is having a major impact on efforts to understand 
their emission line regions. It is also clear that the problems are 
still not resolved. On the one hand there is some direct evidence 
(Oke and Zimmerman 1979) that reddening has significantly affected 
the uv/optical flux ratio in two cases, while on the other hand there 
is also direct evidence that reddening alone cannot explain the ob­
served effects in two other cases (Ferland et al. 1979, Hartig 1978). 
Also there is not yet agreement on whether the hydrogen line problem 
is telling us that La is too weak or that the Balmer lines are too 
strong. Several authors (e.g. Baldwin 1977, Peutter, Smith, and 
Willner 1979) have argued that the covering factor e (the per cent of 
the sky which appears opaque to the central source at the Lyman limit) 
in quasars is <0.1 and that La therefore has the correct equivalent 
width while the Balmer lines are enhanced. However, Boggess et al. 
(1979) have argued that e ^ 1/3 and that the Balmer lines have the 
correct equivalent width while La is severely attenuated. A much 
better determination of the value of e is certainly needed. For high 

TABLE 2. Comparison of Observations of NGC 4151 by IUE and FOT 

Identification X Q(A) Flux(10~ 1 2 erg cm"2 s"1) 

FOT IUE 
La 1216 14(±3) 29(±13) 
N V 1240 < 0.4 (abs) 
0 I 1303 < 0.4 (abs) 
0 IV]+Si IV 1400 0.5 (abs) 
N IV 1486 ll.S 0.7 
C IV 1550 12-20 24 
He II 1640 1.4 2.3 
0 III] 1663 0.7 0.9 
F^ (continuum) 1450 6.3(±1.6) 16 
(10"26 erg cm"2 Hz" 1) 
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F i g u r e 2. L i n e p r o f i l e o f He I I X1640 i n NGC 4 1 5 1 , w i t h c o n t i n u u m 
s u b t r a c t e d . The o b s e r v e d p r o f i l e i s much n a r r o w e r t h a n t h e b r o a d 
He I I X 4 6 8 6 p r o f i l e , i m p l y i n g t h a t F ( 1 6 4 0 ) / F ( 4 6 8 6 ) i s l a r g e r f o r 
t h e n a r r o w l i n e g a s t h a n f o r t h e b r o a d l i n e g a s . 

r e d s h i f t q u a s a r s o b s e r v a t i o n s a t t h e Lyman l i m i t c a n b e d o n e f rom t h e 
g r o u n d , b u t f o r l o w r e d s h i f t q u a s a r s t h e y r e q u i r e IUE and e v e n t u a l l y 
t h e S p a c e T e l e s c o p e . F o r S e y f e r t g a l a x i e s t h e r e d s h i f t s a r e t o o s m a l l , 
s o t h a t Lyman l i m i t o b s e r v a t i o n s t o d e t e r m i n e e c a n n o t b e p e r f o r m e d 
w i t h any e x i s t i n g o r c u r r e n t l y p l a n n e d i n s t r u m e n t a t i o n . 

A n o t h e r i n t e r e s t i n g p r o b l e m w h i c h t h e u l t r a v i o l e t o b s e r v a t i o n s 
h a v e r a i s e d c o n c e r n s t h e a b s e n c e o f a b s o r p t i o n o r e m i s s i o n i n t h e u v 
r e s o n a n c e l i n e s o f Fe I I w h i c h w e r e e x p e c t e d f r o m o p t i c a l o b s e r v a t i o n s 
o f Fe I I i n t h e s p e c t r a o f many S e y f e r t s a n d some q u a s a r s ( P h i l l i p s 
1 9 7 8 , B o g g e s s e t al. 1 9 7 9 , Oke and Zimmerman 1 9 7 9 ) . T h i s p r o b l e m i s 
c l o s e l y r e l a t e d t o t h a t o f t h e c o v e r i n g f a c t o r , s i n c e t h e m o s t l i k e l y 
e x c i t a t i o n m e c h a n i s m f o r t h e Fe I I l i n e s i s r e s o n a n c e f l u o r e s e n c e , r e ­
q u i r i n g a v e r y e f f i c i e n t c o n v e r s i o n o f uv c o n t i n u u m p h o t o n s t o Fe I I 
l i n e e m i s s i o n ( P h i l l i p s 1 9 7 8 ) . 

I n c o n c l u s i o n , i t s e e m s l i k e l y t h a t a t l e a s t a s m a l l amount o f 
r e d d e n i n g a f f e c t s t h e s p e c t r a o f many , i f n o t a l l , a c t i v e g a l a x i e s and 
q u a s a r s . P e r h a p s some i n t e r n a l d u s t i s a l s o i n v o l v e d i n some c a s e s . 
I n a d d i t i o n , c o l l i s i o n a l p r o c e s s e s and r a d i a t i v e t r a n s f e r e f f e c t s i n t h e 
d e n s e c l o u d s i n t h e s e o b j e c t s p r o d u c e s i g n i f i c a n t m o d i f i c a t i o n s o f t h e 
l i n e i n t e n s i t i e s e x p e c t e d i n s i m p l e m o d e l s . I n o r d e r t o u n r a v e l a l l 
t h e s e e f f e c t s a c c u r a t e u l t r a v i o l e t (and o p t i c a l ) s p e c t r o p h o t o m e t r y i s 
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r e q u i r e d . I m p r o v e m e n t s i n s e n s i t i v i t y a r e n e e d e d t o m e a s u r e weak l i n e s , 
and i m p r o v e d r e s o l u t i o n i s n e e d e d t o c l e a r l y s e p a r a t e t h e b r o a d and 
n a r r o w c o m p o n e n t s o f e m i s s i o n i n o b j e c t s w i t h S e y f e r t 1 t y p e s p e c t r a . 
The n e e d e d i m p r o v e m e n t s w i l l b e a v a i l a b l e w i t h t h e i n s t r u m e n t c o m p l e m e n t 
p l a n n e d f o r S p a c e T e l e s c o p e . 

R e s e a r c h i n u l t r a v i o l e t a s t r o n o m y a t The J o h n s H o p k i n s U n i v e r s i t y 
i s s u p p o r t e d b y NASA g r a n t NGR 2 1 - 0 0 1 - 0 0 1 . I a l s o a c k n o w l e d g e t h e 
s u p p o r t o f t h e A l f r e d P . S l o a n F o u n d a t i o n . 
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DISCUSSION 

Smith: An observation that may be relevant is the data on polariza­
tion in NGC 4151, which shows that the narrow emission line 

components are unpolarized, while the broad components are polarized, 
as if the broad lines may have been scattered by dust, while the narrow 
lines are not. 

Rieke: Unpublished infrared spectroscopy of NGC 4151 by Lebofsky, 
Thompson, Tokunaga, and me indicates that the broad component 

of By (2.16 ym) is somewhat stronger than predicted from the Balmer 
lines and recombination ratios, whereas the narrow component is undetec­
ted, requiring that its strength follow recombination ratios more closely 
than the broad component does. Thus, the same general trend seen for 
3C390.3 in the ultraviolet is continued into the infrared for NGC 4151. 

Oke: A large group of us have made IUE, visual and infrared obser­
vations of NGC 1068, which is a type II Seyfert where all the 

lines have comparable breadths. There are four pairs of lines which we 
have measured to derive the reddening; La/H3, A1640/X4686 of He II, Ha/ 
H$, Pa/Hg. There is available in the literature a Brackett line measure-
which gives a Brackett/Balmer ratio. The [S II] lines also have been 
used by Wampler to derive the reddening. Within the accuracy of the 
measurements, all these ratios are consistent with E (B-V) = 0.40, pro­
vided simple recombination theory is used for the permitted lines. It 
is probably significant that NGC 1068 has no N e

 z 1 0 ^ cm"^ region, but 
a maximum N e of the order of 10^ cm~3. The abnormal La/H$ ratio found 
in quasars and type I Seyferts probably is confined to the lO^O cm~3 
gas. 

Rees: The model considered by Kwan and Krolik and by Canfield and 
Puetter requires that there must be a substantial energy 

input into parts of the cloud with very large optical depth in the 
Lyman continuum. Is photoionization by a power-law continuum sufficient, 
or does this require some additional energy input (e.g., Compton recoil 
from hard X-rays, or fast particles)? 

Davidsen: Photoionization of helium and heavier elements by the unob­
served extrapolation of the power-law continuum to soft X-ray 

energies is all that is required to provide the heating of the deep 
layers of the emission line clouds. 
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