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F i f t y y e a r s ago a t a c o n f e r e n c e on the s t r u c t u r e o f g a l a x i e s a l m o s t 
e v e r y t h i n g would have been a s c r i b e d t o g r a v i t y . A decade l a t e r t u r b u l e n c e 
became the new t h i n g - p a r t l y t o s o l v e angu la r momentum p r o b l e m s . A g a i n 
a decade l a t e r magne t i c f i e l d s f o l l o w e d : s y n c h r o t r o n r a d i a t i o n was o b -
s e r v e d , angu la r momentum cou ld be e f f i c i e n t l y t r a n s p o r t e d and a v a r i e t y 
o f b i z a r r e e x t r a g a l a c t i c shapes was thought t o be r e l a t e d t o m a g n e t i c 
f i e l d s . In the s i x t i e s , however , the s i t u a t i o n was r e v e r s e d when i t 
tu rned ou t t h a t s p i r a l s t r u c t u r e cou ld perhaps be unde r s tood on a g r a v i -
t a t i o n a l p i c t u r e w i t h some s i m p l e hydrodynamics and t h a t some o f t h e most 
i n t r i g u i n g shapes c o u l d be r ep roduced in s i m u l a t i o n s o f t he g r a v i t a t i o n a l 
i n t e r a c t i o n between g a l a x i e s . As a consequence m a g n e t i c f i e l d s a g a i n 
d i m i n i s h e d i n i m p o r t a n c e . The nex t decade saw a much i n c r e a s e d r o l e f o r 
t h e thermodynamics o f the i n t e r s t e l l a r medium. A t t h e end o f t h i s m e e t i n g 
i t i s c l e a r t h a t w h i l e g r a v i t y , hydrodynamics and thermodynamics a r e 
i m p o r t a n t , magne t i c f i e l d s cannot be n e g l e c t e d and shou ld be i n t e g r a t e d 
i n t o the o v e r a l l p i c t u r e . 

Much p r o g r e s s has been r e p o r t e d on measurements o f g a l a c t i c m a g n e t i c 
f i e l d s - l a r g e l y due t o improved r e c e i v e r s and da t a p r o c e s s i n g r a t h e r 
than t o new t e l e s c o p e s . The Zeeman and Faraday e f f e c t s y i e l d v a l u e s f o r 

J* n a B - d l ( 1 ) 

w i t h a s t a n d i n g f o r H, OH . . . CCS ( o r some p a r t i c u l a r a t o m i c o r m o l e c u l a r 
s t a t e o f t h e s e ) f o r the former and f o r e l e c t r o n s f o r the l a t t e r . The 
s y n c h r o t r o n r a d i a t i o n (F * v a ) y i e l d s 

I no , - B1"» d* ( 2 ) 

w i t h n ^ - the d e n s i t y o f cosmic ray e l e c t r o n s , and a somewhat more 
complex e x p r e s s i o n f o r the p o l a r i z a t i o n . F i n a l l y , o p t i c a l p o l a r i z a t i o n 
a l s o g i v e s some i n f o r m a t i o n about the mean f i e l d d i r e c t i o n . The i n t e r -
p r e t a t i o n o f measurements o f t h e s e i n t e g r a l s i s no t a l w a y s s i m p l e . I n ( 1 ) 
r e g i o n s o f o p p o s i t e f i e l d c a n c e l and in p a r t i c u l a r s m a l l s c a l e f i e l d s may 
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escape d e t e c t i o n , w h i l e in both (1) and (2) p o s s i b l e ( a n t i ) c o r r e l a t i o n s 
o f η and Β may i n f l u e n c e the r e s u l t s . 

T h e r e seems t o be agreement now t h a t in a t y p i c a l volume o f i n t e r -
s t e l l a r space t h e r e i s a r e g u l a r f i e l d o f a few yG - w i t h p r o b a b l y a 
random component o f the same o r d e r . In s p i r a l arms the p o l a r i z a t i o n o f 
s y n c h r o t r o n r a d i a t i o n i s f r e q u e n t l y low and random f i e l d s may be i m p o r -
t a n t , w h i l e a t l a r g e d i s t a n c e s from a g a l a c t i c p l a n e t h e r e i s some p r e -
dominance o f f i e l d s in the r a d i a l o r i n the z - d i r e c t i o n , though the 
p o l a r i z a t i o n i s r e l a t i v e l y modes t . Far ou t i n the d i s k i n i n t e r a r m 
r e g i o n s , the f i e l d s appear t o be more r e g u l a r w i t h p o l a r i z a t i o n s o f up 
t o 6 0 p e r c e n t . One may wonder whether such f i e l d s c o u l d be d y n a m i c a l l y 
impor t an t in the tenuous o u t e r p a r t s o f g a l a x i e s and a f f e c t t h e i n t e r -
p r e t a t i o n o f t he r o t a t i o n cu rves w i t h t h e i r i m p l i c a t i o n s f o r dark m a t t e r . 

I n m o l e c u l a r c l o u d s the f i e l d s a r e s t r o n g e r ( p e r h a p s w i t h Β « p 1 / 2 ) ; 
in OH masers a few mG a r e reached and in H20 masers ten t i m e s a s much. 
The dynamic e f f e c t s o f such s t r o n g f i e l d s may be o f dominant i m p o r t a n c e , 
as may be t h e i r r o l e i n s t a r f o r m a t i o n . 

Conce rn ing the o v e r a l l s t r u c t u r e o f the magne t i c f i e l d s i n g a l a x i e s , 
e v i d e n c e has been p r e s e n t e d f o r a x i s y m m e t r i c s t r u c t u r e s in some and b i -
symmet r i c s t r u c t u r e s i n o t h e r s . Our own Galaxy c o u l d be o f t he l a t t e r 
k ind s i n c e somewhat i n s i d e the s o l a r o r b i t the f i e l d seems t o change 
s i g n ; more complex s t r u c t u r e s cannot be e x c l u d e d . The most unambiguous 
da ta on the f i e l d s t r u c t u r e in our Ga laxy come from Faraday e f f e c t 
measurements in p u l s a r s , o b t a i n e d as a b y - p r o d u c t o f p u l s a r s t u d i e s . 
Perhaps a p u l s a r su rvey s p e c i f i c a l l y o p t i m i z e d f o r e l u c i d a t i n g t h e f i e l d 
s t r u c t u r e in our Ga laxy would be w o r t h w h i l e . 

The o r i g i n o f the magne t i c f i e l d s s t i l l poses p r o b l e m s . Much p r o g -
r e s s has been r e p o r t e d h e r e on dynamo t h e o r y w i t h a c e r t a i n c o r r e s p o n d -
ence be tween p r e d i c t e d and o b s e r v e d f i e l d shapes . The way in which t h e 
f i e l d s t r e n g t h i s de te rmined s t i l l i s v e r y u n c l e a r . Some k ind o f s e e d 
f i e l d i s a l s o needed f o r dynamo a m p l i f i c a t i o n , and i t has been s u g g e s t e d 
t h a t t h i s c o u l d be o f c o s m o l o g i c a l o r i g i n o r t h a t i t c o u l d be d e r i v e d 
from supernova remnants . S i n c e the f i e l d s in SNR may have v e r y many 
r e v e r s a l s i t i s perhaps no t e v i d e n t t ha t t h e r e i s enough t i m e a v a i l a b l e 
t o o r g a n i z e them i n t o a l a r g e s c a l e g a l a c t i c f i e l d . I f t h i s c o u l d be done 
i t c o u l d l e a d t o an a t t r a c t i v e p i c t u r e in which s t e l l a r and g a l a c t i c 
dynamos would be coup led as f o l l o w s : 

[ S T A R FORMATION H M STELLAR DYNAM0|-H STELLAR Β I 

f I PULSAR Β I 

Τ , , τ-
Ι GALACTIC Β r*-f"~GÄLACTIC DYNAMO H H SUPERNOVA REMN Β I 

However , b e f o r e we g i v e t o o much c r e d e n c e t o the v a r i o u s schemes , i t 
m i g h t be good i f we a r r i v e d a t a f u l l q u a n t i t a t i v e unde r s t and ing o f t h e 
s o l a r dynamo, which owing t o the much t i g h t e r o b s e r v a t i o n a l c o n s t r a i n t s 
s t i l l appea r s t o have many u n c e r t a i n a s p e c t s . 
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MOUSCHOVIAS: I h a v e a comment on t w o p o i n t s made b y Dr. Wol t j e r in 
h i s c o n c l u d i n g r emarks . 
( 1 ) On t h e a g r e e m e n t b e t w e e n o b s e r v a t i o n s and our p r e d i c t i o n Β « ρ 1 / 2 in 
s e l f - g r a v i t a t i n g c louds , he sa id t h a t e v e r y t h i n g l o o k s b e t t e r on a l o g - l o g 
p l o t . T h a t ' s c e r t a i n l y so bu t w h e n , as in t h e c a s e o f t h e l a t e s t M y e r s e t 
a l . OH Zeeman measu remen t , w e p r e d i c t ( g i v e n t h e mass and d e n s i t y o f 
t h e c loud and t h e » 3 /iG b a c k g r o u n d f i e l d ) a f i e l d s t r e n g t h o f 28 M G and 
t h e measu remen t i s 27±4 M G , t h 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 o r y and 
o b s e r v a t i o n w i l l n o t g o a w a y no m a t t e r w h a t k i n d o f a x e s l a b e l s one 
uses t o d i s p l a y i t . 

( 2 ) Dr. Wol t j e r a l s o r e f e r r e d t o " h a n d - w a v i n g a r g u m e n t s " r e l a t i n g t o 
a m b i p o l a r d i f fu s ion in m o l e c u l a r c l ouds . I w o u l d l i k e t o b e l i e v e t h a t he 
w a s n o t r e f e r r i n g t o our w o r k . Here I h a v e a t r a n s p a r e n c y s h o w i n g t h e 
fu l l t w o - f l u i d MHD e q u a t i o n s w h i c h w e s o l v e in our s t u d i e s o f t h e 
c o l l a p s e o f s e l f - g r a v i t a t i n g c louds , p r o p e r l y a c c o u n t i n g fo r a m b i p o l a r 
d i f f u s i o n . ( T h e s e a r e t h e same as t h e v e c t o r i a l e q u a t i o n s g i v e n in 
P a l e o l o g o u and M o u s c h o v i a s ( 1 9 8 3 , A s t r o p h y s . J. 275, 8 3 8 ) . ) T h e c a l c u l a -
t i o n s I r e p o r t e d on a r e as r i g o r o u s as t h e y can e v e r be ; t h e r e is n o t h i n g 
h a n d - w a v i n g abou t them. So, un le s s s o m e b o d y p o i n t s t o an i n v a l i d 
a s sumpt ion w e made or t o a m a t h e m a t i c a l e r r o r in our s o l u t i o n s , one has 
no c h o i c e but t o a c c e p t our r e s u l t s on w h e n and how t h e m a g n e t i c f i e l d 
d e c o u p l e s from t h e m a t t e r and on how much t h e f l u x - t o - m a s s r a t i o o f 
t h e c loud ' s co re i s r e d u c e d b y a m b i p o l a r d i f f u s i o n . T h a t , I b e l i e v e , i s t h e 
w a y o f s c i e n c e . 

MESTEL: May I r e - e m p h a s i z e t h a t a l t h o u g h t h e g a l a c t i c m a g n e t i c f i e l d 
p l a y s a major r o l e in c o n t e m p o r a r y s t a r f o r m a t i o n , in p a r t i c u l a r in 
c o n n e c t i o n w i t h t h e a n g u l a r momentum prob lem, I t h i n k i t i s t o o e a r l y t o 
a s s e r t t h a t s t a r s cou ld n o t form in t h e a b s e n c e o f a m a g n e t i c f i e l d . 
S e v e r a l w o r k e r s a r e s t u d y i n g t h e e f f e c t s o f g r a v i t a t i o n a l t o r q u e s in 
n o n - a x i s y m m e t r i c , n o n - m a g n e t i c s y s t e m s . One l o o k s f o r w a r d t o t h e 
d i f f e r e n t t h e o r i e s b e i n g d e v e l o p e d t o t h e p o i n t . Wrong compar i sons can be 
m a d e o f t h e i r p r e d i c t i o n s , e .g . o f t h e z e r o - a g e main s e q u e n c e mass 
spec t rum. 

BELVEDERE: I w o u l d l i k e t o add a comment on t h e d y n a m o : A s a t h e o r i s t 
w h o has some e x p e r t i s e in s t e l l a r dynamos , I w o u l d p o i n t ou t t h a t t h e 
m a g n e t i c f i e l d shou ld b e r e l e v a n t as t o c o n s i s t e n t l y d e t e r m i n e t h e s t r u c -
t u r e and dynamics o f mode l s o f a c c r e t i o n d i sks o n t o compac t o b j e c t s . But, 
on t h e o t h e r hand, o n e must be ca re fu l in e x t e n d i n g w h a t w e k n o w abou t 
s t e l l a r dynamos t o o t h e r a s t r o p h y s i c a i s y s t e m s s i n c e , e v e n in t h e ca se o f 
t h e Sun, s e v e r a l q u e s t i o n s a r e s t i l l open , p r i m a r i l y t h e l o c a t i o n o f 
d y n a m o a c t i o n in t h e Sun's i n t e r i o r and t h e d r i v i n g mechan i sm ( r a d i a l or 
l a t i t u d i n a l d i f f e r e n t i a l r o t a t i o n ) . 

WIELEBINSKI: T h e q u e s t i o n o f p o l o i d a l f i e l d s in g a l a x i e s shou ld be 
s t r e n g t h e n e d . A n i n c r e a s i n g b o d y o f o b s e r v a t i o n a l e v i d e n c e i s now coming 
t o g e t h e r ( e . g . M82, M104, NGC 1808, e t c . ) . A l l t h e s e g a l a x i e s h a v e a 
p o l o i d a l f i e l d and a CO r i n g r o t a t i n g a round t h e n u c l e u s . 
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Boat trip on river Neckar (M. Fujimoto and L. Woltjer) 

Excursion to Bad Wimpfen (C. Heiles, T.Ch. Mouschovias and R.M. Kulsrud) 
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