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ABSTRACT. 

A r e v i e w i s p r e s e n t e d o f r e c e n t r e s u l t s from i n t e r f e r o m e t r i c 
o b s e r v a t i o n s o f c o s m i c masers . S e v e r a l t o p i c s w i l l be d i s c u s s e d , 
i n c l u d i n g MERLIN/VLA/VLBI o b s e r v a t i o n s o f megamasers; r e c e n t r e s u l t s 
on masers i n s t a r fo rming r e g i o n s and around l a t e - t y p e s t a r s and some 
new r e s u l t s on t h e e f f e c t s o f i n t e r s t e l l a r s c a t t e r i n g on maser s p o t 
s i z e s . 

INTRODUCTION 

A s t r o n o m i c a l masers were d i s c o v e r e d i n 1965 (Weaver et al.) , but a l -
though t h e y have been s t u d i e d e x t e n s i v e l y i n t he i n t e r v e n i n g 22 y e a r s 
ve ry l i t t l e has been uncove red c o n c e r n i n g t h e p h y s i c s o f t h e i r e m i s -
s i o n , o r t h e c o n d i t i o n s t ha t g i v e r i s e t o i t . I n d e e d , t h e s tudy o f 
masers per se r e v e a l s a lmost no i n f o r m a t i o n c o n c e r n i n g t h e p h y s i c a l 
c o n d i t i o n s i n t h e i r immediate env i ronment . T h i s was summarized i n a 
comment I o n c e ove rhea rd i n t he c o r r i d o r s o f a we l l -known European o b -
s e r v a t o r y : "Why o b s e r v e masers , t he damn t h i n g s t e l l you n o t h i n g ! " . 
However t h i s i s n o t , o f c o u r s e , s t r i c t l y t r u e ; o b s e r v a t i o n s o f masers 
can p r o v i d e d e t a i l e d i n f o r m a t i o n on t h e dynamics o f a r e g i o n , be i t 
a c i r c u m s t e l l a r s h e l l , an o u t f l o w near an HII r e g i o n o r t h e c e n t r a l 
p a r t s o f a g a l a x y ; t hey can a l s o p r o v i d e a c c u r a t e e s t i m a t e s o f t h e 
d i s t a n c e t o t h e maser s o u r c e s th rough o b s e r v a t i o n s o f t h e p r o p e r mo-
t i o n s o f H20 masers , o r t h e method o f p h a s e - l a g s ( S c h u l t z et al. 1 9 7 8 ) ; 
t he c i r c u l a r p o l a r i z a t i o n o b s e r v e d i n OH and SiO masers can be used t o 
de te rmine t h e magne t i c f i e l d s t r e n g t h s i n t h e immediate v i c i n i t y o f 
t he masers ; o b s e r v a t i o n o f t h e s i z e s o f t h e masers p r o v i d e e x t r e m e l y 
u s e f u l i n f o r m a t i o n on t he d i s t r i b u t i o n o f s c a t t e r i n g m a t e r i a l i n our 
g a l a x y . These a re some o f t h e many r e a s o n s why we o b s e r v e masers and 
I s h a l l d i s c u s s some o f t h e more r e c e n t r e s u l t s o b t a i n e d . 
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EXTRAGALACTIC MASERS 

E x t r a g a l a c t i c masers were f i r s t d i s c o v e r e d i n 1973 i n t h e g a l a x y 
NGC253 (Whiteoak and Gardner 1 9 7 3 ) . The OH masers o b s e r v e d , a l t hough 
one t o two o r d e r s o f magnitude s t r o n g e r than G a l a c t i c mase rs , were 
no t p a r t i c u l a r l y a c c e s i b l e due t o t h e i r l a r g e d i s t a n c e and thus low 
f l u x d e n s i t y . In 1982 a d i f f e r e n t c l a s s o f e x t r a g a l a c t i c OH maser 
was d i s c o v e r e d i n t h e p e c u l i a r g a l a x y IC4553 (Baan et al 1 9 8 2 ) . I t 
was immedia te ly dubbed a "megamaser" s i n c e i t s i n t r i n s i c s t r e n g t h 
was about 7 χ 107 t ha t o f t he W3(0H) masers in our Ga laxy . F o l l o w i n g 
t h e i n i t i a l e x c i t e m e n t o f t he d i s c o v e r y t e l e s c o p e s a l l o v e r t h e w o r l d 
began s e a r c h i n g f o r new megamasers u n t i l , at t h e t ime o f w r i t i n g , 15 
a re known ( s e e Tab l e 1 ) . 

In a d d i t i o n t o OH two o t h e r m o l e c u l e s have been o b s e r v e d t o 
be masing i n o t h e r g a l a x i e s . In 1986 Baan et al ( 1986) r e p o r t e d t h e 
d e t e c t i o n o f a power fu l H2C0 maser i n IC4553 (and p o s s i b l y one i n 
NGC 3 0 7 9 ) . H20 masers were d e t e c t e d i n e x t e r n a l g a l a x i e s as l o n g 
as 10 y e a r s ago (Churchwel l et al 1977; Lep ine and Dos Santos 1977; 
Huchtmeier et al 1978, 1980; S c a l i s e and Braz , 1 9 8 1 ) . However t h e s e 
s o u r c e s a re comparable i n l u m i n o s i t y t o t he s t r o n g e s t G a l a c t i c masers 
( < 1 L g ) . Much more luminous H20 masers have s i n c e been found and t o 
d a t e 6 H 20 megamasers a re known ( s e e Tab le 2 ) . 

TABLE 1 
KNOWN OH MEGAMASER GALAXIES 

Galaxy R e f e r e n c e s 

IC4553 Baan, Wood, and Hasch ick 1982 
NGC 3690 Baan 1985 
Mrk 231 Baan 1985; Kâzes and Dickey 1985 
Mrk 273 Baan, Hasch ick and Schmelz 1985 

B o t t i n e l l i et al 1985 
IIIZW 35 Chapman et al 1986 
IRAS 11506-3851 N o r r i s et al 1986 
Arp 148 B o t t i n e l l i et al 1986 
IIZW 96 B o t t i n e l l i et al 1986 

Baan, Henkel and Hasch ick 1987 
IRAS 17208-0014 B o t t i n e l l i et al 1986 
ZW15107+0724 Baan, Henkel and Hasch ick 1987 
IRAS 16399-0937 S t ave l ey -Smi th et al 1986 
ZW475.056 Mi rabe l and Sanders 1987 
IRAS 1017+08 Mi rabe l and Sanders 1987 
IRAS 1211+03 Kâzes et al 1987 
NGC 4418 B o t t i n e l l i et al 1987 
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TABLE 2 
KNOWN H 2 0 MEGAMASER GALAXIES 

Galaxy R e f e r e n c e s 

NGC 4945 Dos Santos and Lepine 1979 
C i r c i n u s Gardner and Whiteoak 1982 
NGC 1068 Claussen et ai 1984 
NGC 4258 Claussen et ai 1984 
NGC 3079 Henkel et ai 1984 
IC 10 Henkel et ai 1986 

The e x t r a g a l a c t i c masers so f a r d i s c o v e r e d a re a l l b e l i e v e d t o be 
a s s o c i a t e d i n some way wi th r e g i o n s o f s t a r f o r m a t i o n , whether t hey 
are p h y s i c a l l y a s s o c i a t e d wi th OB s t a r s as might p o s s i b l y be t h e c a s e 
f o r e x t r a g a l a c t i c H20 masers , o r whether t h e i r e m i s s i o n i s i n d i r e c t l y 
t r i g g e r e d by a b u r s t o f s t a r f o r m a t i o n . However Wood et ai ( 1986) 
and Whiteoak et ai ( p r i v . comm. ) have r e c e n t l y d i s c o v e r e d s e v e r a l 
1612 MHz OH masers a s s o c i a t e d wi th OH/IR s t a r s i n t he Large Mage l -
l a n i c C l o u d . These masers appear t o be weaker than t h e i r G a l a c t i c 
c o u n t e r p a r t s but show o t h e r w i s e s i m i l a r c h a r a c t e r i s t i c s . 

I n t e r f e r o m e t r i c o b s e r v a t i o n s o f e x t r a g l a c t i c masers 

IC4553 i s t h e o n l y e x t r a g a l a c t i c OH megamaser whose s t r u c t u r e i s at 
a l l w e l l de t e rmined . Baan and Hasch ick (1984) used t he VLA t o map 
the s p a t i a l d i s t r i b u t i o n o f the OH e m i s s i o n . The s o u r c e was o n l y 
s l i g h t l y r e s o l v e d but two i n t e r e s t i n g f a c t s emerged from t h e da t a ; 
a) t he n u c l e a r continuum s o u r c e and OH e m i s s i o n r e g i o n appeared t o be 
p e r f e c t l y s u p e r p o s e d , and b ) t he v e l o c i t y s t r u c t u r e o f t he OH e m i s s i o n 
was c o n s i s t e n t wi th s o l i d body r o t a t i o n o f a m o l e c u l a r d i s c . N o r r i s 
et ai ( 1985) used MERLIN t o p roduce much h i g h e r r e s o l u t i o n maps o f 
the OH and 18cm continuum e m i s s i o n . They found the n u c l e u s t o be a 
c o r e - d o m i n a t e d t r i p l e s i m i l a r t o t h o s e seen i n o t h e r a c t i v e g a l a c t i c 
n u c l e i and t h e OH masers appeared t o ampl i fy t he t r i p l e s t r u c t u r e 
( i t now appears t ha t t he t r i p l e s t r u c t u r e o b s e r v e d was caused by 
the symmet r i za t ion p r o p e t i e s o f s e l f - c a l and t ha t t h e t r u e s t r u c t u r e 
i s a d o u b l e , t h i s does no t however change any o f t h e r e s u l t s ) . The 
OH e m i s s i o n from IC4553 has a l s o been d e t e c t e d wi th VLBI (Diamond 
et ai 1 9 8 7 ) , t he VLB image i s seen t o be a d o u b l e , and t h e e a s t e r n 
component appears t o breakup i n t o a number o f s m a l l e r mase r s . No 
continnuum e m i s s i o n was d e t e c t e d wi th VLBI. Four o t h e r OH megamasers 
have been o b s e r v e d wi th t he VLA; Mrk 273 (Schmelz 1 9 8 7 ) ; I I IZw35 
(Chapman p r i v . comm. ) ; IRAS 17208-0014 (Mart in p r i v . comm. ) and 
IRAS 11506-3851 ( N o r r i s p r i v . comm. ) . As e x p e c t e d t h e OH e m i s s i o n 
from each i s superposed on t he continuum e m i s s i o n but none o f t he 
s o u r c e s were r e s o l v e d . 

I n t e r f e r o m e t r i c o b s e r v a t i o n s o f e x t r a g a l a c t i c H 20 masers have 
been c o n d u c t e d r e c e n t l y by Claussen and Lo (1986) and Hasch ick 
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et ai ( 1 9 8 7 ) . These o b s e r v a t i o n s have r e v e a l e d t h e s u r p r i s i n g r e -
s u l t t h a t t h e e x t r a g a l a c t i c H20 masers i n NGC 4 2 5 8 , 1068 and 3079 a re 
c o n f i n e d t o v e r y smal l r e g i o n s ( < 4 p c ) and appear t o be c o i n c i d e n t 
w i th compact s o u r c e s o f r a d i o e m i s s i o n i n t h e n u c l e i o f t h e g a l a x -
i e s . In a d d i t i o n t he masers have l u m i n o s i t i e s > 120 L0 ( ~ 500 L0 f o r 
NGC3079), two o r d e r s o f magnitude more power fu l than the G a l a c t i c H20 
masers i n W49. I t i s e v i d e n t tha t s tandard pumping schemes (which 
have d i f f i c u l t y e x p l a i n i n g t he G a l a c t i c H20 masers) cannot e x p l a i n 
t h e e x t r a g a l a c t i c masers . S t r e l n i t s k i j (1984) and K y l a f i s and Norman 
(1986 ) have p r o p o s e d c o l l i s i o n a l pumping schemes i n v o l v i n g hydrogen 
and e l e c t r o n s at d i f f e r e n t k i n e t i c t empera tures which may be a b l e t o 
e x p l a i n t h e s e power fu l masers s i n c e c o l l i s i o n a l quenching o f t h e pump 
d o e s no t o c c u r , t h e r e b y g i v i n g r i s e t o more power fu l masers . 

A Model f o r E x t r a g a l a c t i c Megamasers 

Due t o t h e r e l a t i v e p a u c i t y o f o b s e r v a t i o n a l da ta on e x t r a g a l a c t i c 
masers no d e t a i l e d model e x p l a i n i n g them has y e t emerged. However 
some common l i n k s a re e v i d e n t . F i r s t , a lmost a l l megamasers appear t o 
be supe rposed on continuum e m i s s i o n o r i g i n a t i n g i n t h e h o s t g a l a x y , 
t h i s would imply ( a t l e a s t i n t he c a s e o f OH megamasers) t ha t t h e 
maser i s a r e s u l t o f low g a i n a m p l i f i c a t i o n o f t he continuum by e x -
c i t e d f o r e g r o u n d m o l e c u l a r g a s . S e c o n d l y , t he g a l a x i e s w i th megamaser 
e m i s s i o n a re u s u a l l y v e r y s t r o n g i n f r a r e d s o u r c e s , t h e o b s e r v e d IR 
e m i s s i o n i s q u i t e s u f f i c i e n t t o e x c i t e t he m o l e c u l a r gas c o n t a i n i n g 
t h e mase r s . Baan et ai ( 1987) have demonstra ted t ha t f o r t h e OH 
megamasers LOH i s p r o p o r t i o n a l t o I t i s s u g g e s t e d t h a t t h e cause 
o f t h e continuum e m i s s i o n and h igh IR l u m i n o s i t y i s t ha t t h e megamaser 
g a l a x i e s r e c e n t l y underwent , o r a re u n d e r g o i n g , a b u r s t o f s t a r fo rma-
t i o n . A t h i r d l i n k common t o t he OH megamaser g a l a x i e s i s t h a t many 
( i f no t a l l ) o f them appear t o have an e d g e - o n m o l e c u l a r d i s c , t h i s 
i n c r e a s e s t h e p r o b a b i l i t y o f s e e i n g i n v e r t e d m o l e c u l a r c l o u d s a l o n g 
t h e l i n e o f s i g h t . 

Baan et ai 1987 sugges t t ha t t he OH megamaser g a l a x i e s a re a v e r y 
e a r l y s t a g e o f S e y f e r t 2 o r HII n u c l e a r a c t i v i t y i n a dus ty g a l a x y 
and t h a t p o s s i b l y a l l S e y f e r t and HII n u c l e i i e x h i b i t e d maser a c t i v i t y 
when t h e y tu rned o n . 

The H20 megamaser g a l a x i e s t end t o have s l i g h t l y d i f f e r e n t 
p r o p e r t i e s than the OH e m i t t i n g g a l a x i e s . T h e i r IR l u m i n o s i t i e s 
a re l e s s and t h e compact continuum s o u r c e s a l s o t end t o be weaker , 
a l t hough t h e masers do c o i n c i d e wi th continuum s o u r c e s . Hasch ick 
et ai ( 1987 ) s u g g e s t t ha t t he c o i n c i d e n c e o f t h e masers and continuum 
s o u r c e s may be c a u s a l l y r e l a t e d due t o e i t h e r a ) t h e H20 masers may 
be a m p l i f y i n g t h e background r a d i a t i o n ; o r b ) t h e r a d i o s o u r c e i s an 
i n d i c a t i o n o f a mass ive c l u s t e r o f 0B s t a r s t ha t may be p r o v i d i n g t h e 
maser pump power ( a l t h o u g h s e e a b o v e ) . 
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INTERSTELLAR MASERS 

I n t e r f e r o m e t r i c o b s e r v a t i o n s o f G a l a c t i c i n t e r s t e l l a r masers i s no t a 
s u b j e c t which has been pursued wi th any g r e a t v i g o u r o v e r t h e l a s t few 
y e a r s , however a few r e s u l t s do s tand o u t . The p r o p e r mo t ion s t u d i e s 
o f H20 masers s p o t s i n HII r e g i o n s have p roduced a c c u r a t e d i s t a n c e s 
t o s e v e r a l s o u r c e s ; Genzel et ai (1981a) have de te rmined a d i s t a n c e o f 
4 8 0 ± 8 0 p c f o r Orion-KL; Genzel et al. (1981b) and Schneps et al. ( 1981) 
determined t h e d i s t a n c e t o t h e W51 m o l e c u l a r c l o u d t o be 7 ± 1.5 k p c ; 
more r e c e n t l y Re id et ai ( 1987) have de te rmined t h e d i s t a n c e t o Sgr-B2 
t o be 7.1 ± 1.5 kpc imp ly ing t ha t the G a l a c t i c c e n t r e i s s i g n i f i c a n t l y 
c l o s e r than t h e p r e v i o u s s tandard v a l u e o f 10 k p c . 

OH masers a re a l s o a s s o c i a t e d wi th r e g i o n s o f s t a r f o r m a t i o n and 
can p r o v i d e t h e o b s e r v e r wi th a wea l th o f i n f o r m a t i o n on t h e dynamics 
o f such o b j e c t s . Gaume and Mutel (1987) have o b s e r v e d 11 s t a r fo rming 
r e g i o n s w i th t h e VLA and, f o r t he f i r s t t i m e , a re a b l e t o p r o d u c e some 
s t a t i s t i c s c o n c e r n i n g t he r e l a t i o n s h i p o f OH masers and HII r e g i o n s . 
They f i n d t h a t a l l f o u r ground s t a t e OH t r a n s i t i o n s a re o b s e r v e d but 
tha t t h e m a i n l i n e t r a n s i t i o n s ( a t 1665 and 1667 MHz) a re u s u a l l y t he 
s t r o n g e s t . They a l s o o b s e r v e d tha t t h e d i f f e r e n t maser t r a n s i t i o n s 
are f r e q u e n t l y found v e r y c l o s e t o each o t h e r ( < 0.5") s u g g e s t i n g t ha t 
s e v e r a l t r a n s i t i o n s can be pumped t o g e t h e r . Regard ing t h e p o s i t i o n a l 
r e l a t i o n s h i p between OH masers and t h e 15 GHz s t r u c t u r e o f t h e HII 
r e g i o n s t h e y f i n d tha t t h e o v e r a l l d i s t r i b u t i o n o f maser f e a t u r e s i s 
s t r o n g l y peaked near t he edge o f t he continuum s o u r c e s , and t h a t i n 
t h o s e HII r e g i o n s which have a c o m e t a r y - l i k e s t r u c t u r e ( s u g g e s t i n g 
mot ion between t h e HII r e g i o n and t he sur rounding n e u t r a l m a t e r i a l ) 
the s t r o n g e s t OH masers a re p r o j e c t e d on to t h e upstream l e a d i n g edge 
o f t h e HII r e g i o n s . 

Baart and Cohen (1985) and Baart et al. ( 1986) have used MERLIN 
t o o b s e r v e t h e OH masers i n G45.1+01 and W75N, b o t h a c t i v e r e g i o n s 
o f s t a r f o r m a t i o n . In b o t h s o u r c e s they f i n d t ha t t h e OH masers l i e 
near t h e edges o f t h e HII r e g i o n s , s i m i l a r t o t he r e s u l t o b t a i n e d by 
Gaume and Mutel ( 1 9 8 7 ) ; t hey a l s o sugges t t ha t t h e r e i s a t e n d e n c y 
f o r OH masers t o l i e at g r e a t e r d i s t a n c e s from more luminous s t a r s . 
There i s some d i s c u s s i o n as t o t he na tu re o f t h e OH/HII r e g i o n s ; 
Re id et al. ( 1980) , i n t h e i r d e f i n i t i v e s tudy o f t h e OH masers i n 
W3(0H), s u g g e s t e d tha t t he masers were pa r t o f a r e m n a n t - a c c r e t i n g 
e n v e l o p e which i s s t i l l c o l l a p s i n g towards a newly formed s t a r . 
Th i s c o n c l u s i o n was a r r i v e d at s i n c e many o f t he masers d e t e c t e d 
by R e i d et ai ( 1980) were p r o j e c t e d a g a i n s t , and appeared t o be r e d -
s h i f t e d wi th r e s p e c t t o , t he u n d e r l y i n g HII r e g i o n . However more 
s e n s i t i v e o b s e r v a t i o n s o f t h e W3(0H) masers by N o r r i s et ai ( 1 9 8 2 ) , and 
o b s e r v a t i o n s o f o t h e r HII r e g i o n masers by Baart and Cohen (1985) and 
Gaume and Mutel (1987) sugges t tha t i n g e n e r a l OH masers a re expanding 
away from t h e i r pa ren t HII r e g i o n s . 

W3(0H) i s p r o b a b l y t h e b e s t s t u d i e d o f a l l OH/HII r e g i o n masers 
s o u r c e s and o b s e r v a t i o n s have c o n t i n u e d wi th r e c e n t VLBI o b s e r v a t i o n s 
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o f e x c i t e d s t a t e ( 2 ^ / 2 , J = 1/2, AF = 1 - 0 ) OH masers at a f r e q u e n c y 
o f 4765 MHz by Baudry et ai ( 1 9 8 7 ) . The VLBI da ta i m p l i e d apparent 
b r i g h t n e s s t empera tu res > 9 x 10 8 K, and some s p a t i a l and v e l o c i t y 
c o r r e l a t i o n o f t he 4765 MHz masers wi th t he 1665/7 MHz and 6035 MHz 
masers i s o b s e r v e d . 

Another s t r o n g masing m o l e c u l e seen in W3(0H) i s CH30H. There 
a re s e v e r a l t r a n s i t i o n s d e t e c t e d i n v a r i o u s s o u r c e s wi th t h e 2 0 —• Z-\E 
t r a n s i t i o n r e c e n t l y o b s e r v e d t o have f l u x e s between 100 - 1200 Jy 
i n some s o u r c e s ( B a t r l a et al 1987; N o r r i s et al 1 9 8 7 ) , but at t he 
r e l a t i v e l y i n a c c e s i b l e f r e q u e n c y ( f o r most i n t e r f e r o m e t e r s ) o f 12 GHz. 
However t he 9 2 —*· 10i^4 + t r a n s i t i o n at 23 GHz i s o b s e r v e d i n W3(0H) at a 
f l u x d e n s i t y o f ~10 Jy. Th i s t r a n s i t i o n was r e c e n t l y o b s e r v e d wi th 
b o t h t h e VLA (Menten p r i v . comm. ) and VLBI ( Johns ton p r i v . comm. ) . 
The VLBI exper iment was unab le t o d e t e c t any l i n e f r i n g e s i m p l y i n g 
s p o t s i z e s o f between 5 and 40 mas, but t he l a c k o f VLBI f r i n g e s may 
be due t o in s t rumen ta l p r o b l e m s . The image p roduced wi th t h e VLA 
da ta i s a g r e a t s u r p r i s e s i n c e t he CH30H masers a re seen t o c o r r e l a t e 
a lmost e x a c t l y wi th t he g r o s s s p a t i a l and v e l o c i t y s t r u c t u r e o f t he 
1665 OH mase r s . 

STELLAR MASERS 

M o l e c u l a r masers a re a l s o a s s o c i a t e d wi th o x y g e n - r i c h M-type g i -
ant and s u p e r g i a n t s t a r s . S t rong OH, H20 and SiO masers a re o b s e r v e d 
i n such o b j e c t s and i t i s now commonly a c c e p t e d t ha t t h e masers l i e 
i n an expanding c i r c u m s t e l l a r s h e l l . S i n c e t he masing t r a n s i t i o n s 
o f t h e t h r e e m o l e c u l a r maser s p e c i e s a re e x c i t e d at v e r y d i f f e r e n t 
t empera tu res i t i s assumed t ha t t hey l i e at i n c r e a s i n g d i s t a n c e s from 
t h e s t e l l a r s u r f a c e w i th t he SiO b e i n g e x c i t e d c l o s e t o t h e s t a r and 
t h e OH at t y p i c a l d i s t a n c e s > 1 0 1 6 cm from the s t a r . The e n v e l o p e s 
t y p i c a l l y have expans ion v e l o c i t i e s o f 5 —• 40 km s _ 1 a n d mass l o s s 
r a t e s o f ~ 10" —• 5 χ l O ~ 4 M 0 y r _ 1 . In a d d i t i o n t o t h e masers i n o x y g e n -
r i c h s t a r s G u i l l o t e a u et al ( 1987) have r e c e n t l y d i s c o v e r e d a s t r o n g 
maser ( ~ 75 Jy) from a v i b r a t i o n a l l y e x c i t e d t r a n s i t i o n o f HCN i n t h e 
e n v e l o p e o f t h e c a r b o n - r i c h s t a r CIT 6 . 

Thers i s now a l a r g e da tabase o f i n t e r f e r o m e t r i c o b s e r v a t i o n s 
o f s t e l l a r mase r s . Booth et al ( 1981) f i r s t demonst ra ted c o n v i n c i n g l y 
t h a t OH masers l a y i n an expand ing , s p h e r i c a l e n v e l o p e wi th o b s e r v a -
t i o n s o f t h e 1612 MHz OH masers i n 0 H 1 2 7 . 8 - 0 . 0 . Th i s model has s i n c e 
been c o n f i r m e d f o r many s o u r c e s by VLA and MERLIN o b s e r v a t i o n s ( e . g . 
Bowers et al 1983; Diamond et al 1985a and r e f e r e n c e s t h e r e i n ) . Models 
o f maser e m i s s i o n p r e d i c t ( a s ment ioned above ) t ha t t h e d i f f e r e n t 
m o l e c u l a r masers shou ld l i e at d i f f e r e n t d i s t a n c e s from t h e c e n t r a l 
e x c i t i n g s t a r ; i t i s o n l y i n t h e l a s t y e a r o r so t ha t d e t a i l e d o b -
s e r v a t i o n s o f t h e d i f f e r e n t m o l e c u l a r s p e c i e s have become a v a i l a b l e 
(Chapman and Cohen, 1986; Diamond et al 1985b; Diamond et al 1987) t h a t 
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show the models t o be c o r r e c t i n t h e i r o v e r a l l d e t a i l s . 

VLBI o b s e r v a t i o n s o f s t e l l a r DH masers have been u s e f u l t o 
de termine t he r e l a t i v e l o c a t i o n s and s i z e s o f i n d i v i d u a l masers s p o t s 
b u t , u n t i l r e c e n t l y , had o n l y been per formed on a few s o u r c e s s i n c e i t 
had been assumed tha t i n g e n e r a l s t e l l a r masers were l a r g e r than t h e 
e q u i v a l e n t i n t e r s t e l l a r masers . However r e c e n t VLBI o b s e r v a t i o n s o f 
OH masers have r e v e a l e d t he p r e s e n c e o f v e r y compact e m i s s i o n s p o t s 
( N o r r i s et ai 1984; Sivagnanam et ai 1987) i n b o t h d i s t a n t OH/IR s t a r s 
and Mira V a r i a b l e s . Such o b s e r v a t i o n s a re impor tant s i n c e i t appears 
the masers a re a m p l i f y i n g the thermal e m i s s i o n from t h e s t a r and thus 
l i e d i r e c t l y a l o n g t h e l i n e o f s i g h t t o i t imp ly ing t ha t w i th b o t h 
r a d i o and o p t i c a l a s t r o m e t r i c o b s e r v a t i o n s t h e s e s o u r c e s c o u l d be used 
t o r e l a t e t h e FK4 o p t i c a l r e f e r e n c e frame wi th t h e r a d i o r e f e r e n c e 
frame ( s e e de Vegt et ai 1986) . 

Un l ike i n t e r s t e l l a r OH masers , most s t e l l a r s o u r c e s e x h i b i t 
l i t t l e o r no p o l a r i z a t i o n . There a re some v e r y n o t a b l e e x c e p t i o n s 
such as t h e supe rg i an t s t a r s and t he v a r i a b l e s W Hya and U O r i . I t 
i s assumed t ha t t he Zeeman e f f e c t i s r e s p o n s i b l e f o r t h e o b s e r v e d 
p o l a r i z a t i o n and, g i v e n t h a t , i t shou ld be p o s s i b l e t o de te rmine t he 
magnet ic f i e l d s t r e n g t h i n t he immediate v i c i n i t y o f t h e masers and 
thus e x t a p o l a t e back t o de te rmine t he f i e l d s t r e n g t h at t h e s t e l l a r 
s u r f a c e . Ear ly exper iments (Re id et ai 1979) e s t i m a t e d t h e magne t i c 
f i e l d at t h e s u r f a c e o f U Ori t o be ~ 10 G and at t h e s u r f a c e o f 
IRC+10420 t o be - 100 G. R e c e n t l y B a r v a i n i s et ai ( i n p r e p . ) have 
o b s e r v e d s i g n i f i c a n t c i r c u l a r p o l a r i z a t i o n i n SiO masers a s s o c i a t e d 
wi th l a t e - t y p e s t a r s which imply magne t ic f i e l d s i n t h e immediate 
v i c i n i t y o f t h e masers ~ 10 —• 100 G, t h i s i s a much more d i r e c t 
measurement o f t he magne t ic f i e l d . Mcin tosh ( p r i v . comm. ) has made 
VLBI maps o f t h e SiO maser d i s t r i b u t i o n i n t he e n v e l o p e s o f two l a t e -
t y p e s t a r s which he combined wi th s i n g l e - d i s h P o l a r i m e t r i e da t a t o 
p roduce maps which may show the p a t t e r n o f t he magne t i c f i e l d l i n e s 
around t h e s t a r s . 

INTERSTELLAR SCATTERING 

P r e v i o u s VLBI o b s e r v a t i o n s o f t he spo t s i z e s o f masers (Bowers 
et ai 1980) s u g g e s t e d tha t t h e r e was a t endency f o r more d i s t a n t 
masers t o be l a r g e r . S i n c e i t i s u n l i k e l y t ha t t h i s i s an i n t r i s i c 
p r o p e r t y o f d i s t a n t masers i t was assumed tha t t h e s p o t s i z e s o f 
t h e s e masers were broadened by s c a t t e r i n g by i n t e r v e n i n g d i f f u s e HII 
r e g i o n s . To da t e v e r y l i t t l e in t he way o f o b s e r v a t i o n a l da ta o f t he 
d i s t r i b u t i o n o f maser spo t s i z e s w i t h i n t h e Galaxy has been g a t h e r e d , 
howvever Kemball et ai (1987) have o b s e r v e d 17 OH maser s o u r c e s i n t h e 
g a l a c t i c p l a n e from l o n g i t u d e 355° t o 50°, t hey o n l y d e t e c t s o u r c e s at 
l o n g i t u d e > 35° imply ing tha t i n t e r s t e l l a r s c a t t e r i n g i n c r e a s e s at low 
G a l a c t i c l o n g i t u d e s . 
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