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ABSTRACT. Some outs tanding  research  problems r e l a t i n g  t o  s t e l l a r  r ad io  
f l a r e s  a r e  d iscussed .  Emphasis i s  placed on "coherent" emission mech- 
anisms f o r  t h e  very b r i g h t e s t  b u r s t s  and on magnetic coupling between 
s t a r s  i n  a  b inary  system. 

1. INTRODUCTION 

Formulating a  theory f o r  r a d i o  s t a r s  o r  f o r  any o t h e r  radioastronomical  
ob j ec t s  involves  t h r e e  s t ages :  ( i )  t he  i d e n t i f i c a t i o n  of t h e  emission 
mechanism o r  mechanisms, ( i i )  t he  cons t ruc t ion  of a  mathematical model 
f o r  t h e  source,  and ( i i i )  t h e  use  of t h e  model t o  i n f e r  information 
about t h e  source from t h e  r ad io  da t a .  In  i d e n t i f y i n g  t h e  emission 
mechanism, t h e  b r igh tnes s  temperature TB i s  p a r t i c u l a r l y  important ;  i t  
al lows u s  t o  e s t ima te  whether t h e  source i s  thermal (TB < 106 K f o r  
s t e l l a r  coronae and winds) ,  nonthermal and incoherent  (KTB 5 E ,  
K = Boltzmann's cons t an t ,  E = energy of r a d i a t i n g  p a r t i c l e s ) ,  and 
"coherent" (KTB >> E) .  Thermal emission from rad io  s t a r s  i s  a t t r i b u t e d  
t o  s t e l l a r  winds; i n  t h i s  ca se  we a r e  a t  s t a g e  ( i i i )  i n  our  t h e o r e t i c a l  
i n t e r p r e t a t i o n .  The emission from most f l a r e  s t a r s  has  TB & lo10 K and 
s o  can be i n t e r p r e t e d  a s  incoherent  gyrosynchrotron emission from e l -  
ec t rons  wi th  energy < 1 MeV. Accepting t h e  gyrosynchrotron i n t e r p r e t -  
a t i o n  we a r e  a t  s t a g e  ( i i )  i n  t h i s  case .  However i t  i s  no t  c e r t a i n  
t h a t  emission wi th  TB lo10 K is incoherent  r a t h e r  than coherent .  
This poin t  may be decided from t h e  p o l a r i z a t i o n ;  a  source  with 
TB 1010 K would be o p t i c a l l y  t h i c k  i f  i t  were a  gyrosynchrotron 
source and then it should b e  weakly polar ized  whereas a  cyc lo t ron  maser 
source should be  h ighly  polar ized .  The very b r i g h t e s t  emission 
(TB >> 1010 K) from some f l a r e  s t a r s ,  no tab ly  t h e  M dwarfs,  c e r t a i n l y  
r equ i r e s  a  coherent  emission mechanism. Although cyc lo t ron  maser emis- 
s ion  seems t h e  most p l a u s i b l e  mechanism, t h e r e  is one s e r i o u s  d i f f i c u l t y  
with i t .  

My b r i e f  f o r  t h i s  paper i s  t o  po in t  ou t  some outs tanding  research  
problems i n  t h e  t h e o r e t i c a l  i n t e r p r e t a t i o n  of r a d i o  s t a r s .  The problems 
concerning s t e l l a r  winds involve d e t a i l s  of t h e  models, s p e c i f i c a l l y  t h e  
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matching of t h e  p r ed i c t ed  and observed frequency s p e c t r a .  I do no t  
propose t o  d i s c u s s  t h e s e  problems f u r t h e r .  The s tandard  problem con- 
nec ted  with t h e  gyrosynchrotron sources  is  t h e  modelling of t he  magnet- 
i c  s t r u c t u r e  and t h e  p a r t i c l e  s p e c t r a  t o  account f o r  t h e  observed r a d i o  
s p e c t r a .  A p a r t i c u l a r l y  cha l lenging  problem wi th  t h e  r a d i o  s t a r s  i n  
b ina ry  systems involves  t h e  magnetic coupl ing  between t h e  s t a r s ;  t h i s  
coupling i s  l i k e l y  t o  provide t h e  f r e e  energy f o r  t h e  a c c e l e r a t i o n  of 
t h e  gyrosynchrotron emi t t i ng  e l e c t r o n s .  I comment f u r t h e r  on t h i s  
problem i n  Sec t ion  4 .  My main i n t e r e s t  i s  i n  t he  coherent  emission 
mechanism: cyc lo t ron  maser emission is  d iscussed  i n  Sect ion 2  and some 
q u a l i t a t i v e  comments on pos s ib l e  a l t e r n a t i v e  plasma emission mechanisms 
a r e  made i n  Sec t ion  3. 

2. ELECTRON CYCLOTRON MASER EMISSION 

Elec t ron  cyc lo t ron  maser emission has  had a  long h i s t o r y  a s  a  p o s s i b l e  
s o l a r  r a d i o  emission mechanism, e.g. t h e  d i s cus s ion  by Hewitt  e t  a l .  
(1982), b u t  i t  has  become accepted a s  a  p l a u s i b l e  mechanism only over  
t h e  p a s t  few yea r s .  The f i r s t  major success  was a  theory by Wu and Lee 
(1979) f o r  t h e  a u r o r a l  k i l ome t r i c  r a d i a t i o n  (AKR). I n  d i s cus s ing  t h e  
theory  h e r e ,  I s t a r t  by comparing and c o n t r a s t i n g  Wu and ~ e e ' s  theory  
wi th  an e a r l i e r  one of my own (Melrose 1976) which had many but  no t  a l l  
t h e  a t t r a c t i v e  f e a t u r e s  of t h e  l a t e r  theory .  I then d i s c u s s  problems 
wi th  t he  a p p l i c a t i o n  of t h i s  theory t o  s o l a r  and s t e l l a r  sources .  

(a )  The P a r a l l e l  Driven Cyclotron Maser 

A s p i r a l l i n g  e l e c t r o n  and a  wave a r e  s a i d  t o  r e sona t e  a t  t h e  s t h  har-  
monic when t h e  resonance cond i t i on  

b 
is  s a t i s f i e d .  Here R = ~ , ( 1 - @ ~ )  is t h e  e l e c t r o n ' s  gyrofrequency, wi th  
Re t he  n o n r e l a t i v i s t i c  e l e c t r o n  gyrofrequency, vll = pllc and v l  = Blc 
a r e  t h e  v e l o c i t y  components and ky = (Nw/c)cosO and kl = ( ~ w / c ) s i n O  a r e  
t h e  wavenumber components p a r a l l e l  and perpendicu la r  t o  t h e  magnetic 
f i e l d  r e s p e c t i v e l y ,  and N is  t h e  r e f r a c t i v e  index. For waves i n  a  mode 
M(= x ,  o  o r  z f o r  t h e  x-mode, o-mode o r  z-mode) t h e  d i s p e r s i o n  r e l a t i o n  
N = NM(w,O) is  assumed t o  be s a t i s f i e d .  Let  f ( p )  be a  d i s t r i b u t i o n  of 
e l e c t r o n s .  Cyclotron maser emission a t  t h e  sth-harmonic occurs  when 
t h e  abso rp t i on  c o e f f i c i e n t  y (k)  is  nega t ive .  The con t r i bu t i on  from r e-  
sonance a t  t h e  s t h  harmonic t o  y (k) is of t h e  form s - 

( 2 )  
where As(k,p) involves  Bessel  f unc t i ons  of o rde r  s and argument klvl/R. 
We may c l a s s i f y  cyc lo t ron  masers a s  pa ra l l e l- d r iven  o r  perpendicu la r -  
d r iven  depending on whether t h e  dominant nega t i ve  c o n t r i b u t i o n  comes 
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from the  terms kll af/apll o r  ( s W V ~ )  a f / ap l  r e spec t ive ly .  
I f  one makes the  n o n r e l a t i v i s t i c  approximation p l  = mevl, 
mevl!, R = Re, then the  resonance condi t ion  (1)  does no t  depend on 
.he l n t e g r a l  i n  (2)  may be w r i t t e n  i n  terms of dvlvldvll and the  

vll- i n t e g r a l  performed over t he  6- function. In  t h i s  case t he re  i s  no 
r e s t r i c t i o n  on the  v l - i n t e g r a l ,  and one may perform a p a r t i a l  i n t e g r a t -  
ion  over  the  af/apl term 

For waves with r e f r a c t i v e  index N 5 1,  only s > 0 i s  allowed and only 
k lv l /R  << 1 i s  r e l evan t ,  then aAs/avl i s  p o s i t i v e  and one concludes 
t h a t  the p l -der iva t ive  cannot l ead  t o  maser emission. Thus i n  the  non- 
r e l a t i v i s t i c  approximation the only p o s s i b i l i t y  i s  a  pa ra l l e l- d r iven  
maser. 

This n o n r e l a t i v i s t i c  case  was analysed by Melrose (1973,1976) us- 
ing  a bi-Maxwellian s treaming d i s t r i b u t i o n ,  which i s  a s p e c i a l  case 
( j  = 0) of t he  d i s t r i b u t i o n  

I n  (3) ,  U i s  a s treaming speed,  v:/v~ + 1 desc r ibes  a  temperature an i -  
so t ropy ,  and j = 1 ,2 ,3 , .  . . s imula te  loss-cone an i so t rop ie s .  I t  was 
found t h a t  growth i n  the  x-mode a t  s = 1 can occur when the  following 
condi t ions  a r e  s a t i s f i e d .  ( i )  Negative absorp t ion  i s  r e s t r i c t e d  t o  
f requencies  below the cen t e r  of the  l i n e  a t  w - Re - kllU = 0 ,  and kilU 
must be l a r g e  enough so  t h a t  the c e n t e r  of t he  l i n e  i s  above the  cu tof f  
frequency f o r  the  x-mode. This r equ i r e s  w2/P << 1 ,  where w i s  the  
plasma frequency, and P P 

( i i )  For the d r iv ing  term (pi(-derivat ive)  t o  overcome the  s t a b i l i z i n g  
con t r ibu t ion  from t h e  pl-derivat ive,  one r equ i r e s  

I t  i s  the  condi t ion  (5) which i s  d i f f i c u l t  t o  s a t i s f y  under p l aus ib l e  
a s t rophys i ca l  condi t ions .  Inc lus ion  of a  l o s s  cone an iso t ropy  l eads  t o  
the  lef t- hand s i d e  of (5 )  be ing  replaced by ( j + l )  v!/v~. Thus i nc lus ion  
of a  loss-cone anisotrophy ( j  > 0) i s  e f f e c t i v e l y  equiva len t  t o  increas-  
ing  by the  f a c t o r  ( j + l ) .  (Revision i s  requi red  t o  the  e x i s t i n g  
d iscuss ion  of the  n o n r e l a t i v i s t i c  loss- cone i n s t a b i l i t y  given by 
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Golds te in  and Ev ia t a r  (1979). These au tho r s  s t a r t e d  from a formula f o r  
t h e  abso rp t i on  c o e f f i c i e n t  i n  which t h e  s i g n  of t h e  pl-derivat ive was 
e r roneous ly  taken  t o  be  oppos i t e  t h a t  i n  (2 ) . )  

(b)  The Perpendicular-Driven Cyclotron Maser 

The major advance made by Wu and Lee (1979) was recogniz ing  t h a t  when 
R i n  (1)  is approximated by R , ( 1 - ~ ~ / 2 )  t h e  resonance cond i t i on  (1)  be- 
comes a  quad ra t i c  r a t h e r  than-a l i n e a r  equa t ion  f o r  vll. The resonance 
cond i t i on  may be  i n t e r p r e t e d  i n  terms of a  resonance e l l i p s e  i n  v e l o c i t y  
space (Hewitt e t  a l .  1981, 1982, Omidi and Gurnet t  1982, Melrose e t  a l .  
1982). The i n t e g r a l  i n  (2)  is then  around a  s e m i c i r c l e  
(vl l -v0)2 + v! = v a  wi th  vo = kilc2/sRe and v$ = va - 2(w-sRe) c2/sRe. 
The important  q u a l i t a t i v e  p o i n t s  a r e :  ( i )  t h e  v l - in tegra t ion  is then 
l i m i t e d  and f o r  a  loss- cone d i s t r i b u t i o n  (which h a s  af /avl  > 0 a t  small  
vl) t h e  pl-derivat ive i n  (2)  can be d e s t a b i l i z i n g  a t  every po in t  around 
t h e  contour  of i n t e g r a t i o n ,  ( i i )  Iknc /w(  is  n e c e s s a r i l y  small f o r  t h e  
s emic i r c l e  t o  be i n  t h e  reg ion  of v e l o c i t y  space populated by e l e c t r o n s ,  
and t h i s  imp l i e s  ( a )  emission a t  l a r g e  ang l e s  t o  t h e  magnetic f i e l d ,  and 
(b)  t h a t  t h e  term k l l a f / a p ~ ~  i n  (2)  i s  i n t r i n s i c a l l y  small and r e l a t i v e l y  
unimportant.  This  i n s t a b i l i t y  is dr iven  by t h e  p i - d e r i v a t i v e  and so  may --  
be  c a l l e d  perpendicular-dr iven.  

I n  t h e  a p p l i c a t i o n  t o  AKR t h e  i n s t a b i l i t y  is  a t t r i b u t e d  t o  p r ec ip i-  
t a t i n g  e l e c t r o n s  which r e f l e c t  a s  B i n c r e a s e s ,  l e ad ing  t o  a  one-sided 
loss-cone d i s t r i b u t i o n .  Upward emission (kllvll > 0)  is implied f o r  t h e s e  
upward propagat ing e l e c t r o n s .  It is t h i s  ve r s ion  of t h e  cyc lo t ron  maser 
theory which has  been app l i ed  t o  s o l a r  (Holman e t  a l .  1980) and s t e l l a r  
(Melrose and Dulk 1982, Dulk e t  a l .  1983) sources .  

( c )  D i f f i c u l t i e s  wi th  t h e  Cyclotron Maser Mechanism 

A d i f f i c u l t y  with t he  cyc lo t ron  maser theory f o r  s o l a r  and s t e l l a r  ap- 
p l i c a t i o n s  is  t h a t  i n  o rde r  t o  escape r a d i a t i o n  genera ted  a t  s = 1 must 
pass  through l a y e r s  where w is  equa l  t o  2Re, 3Re e t c .  Three ways of 
overcoming t h i s  d i f f i c u l t y  have been suggested:  ( i )  t h e  r a d i a t i o n  may 
escape through t h e  "window" a t  smal l  s i n e  (Holman e t  a l .  1980) ( t h e  op- 
t i c a l  depth is  p ropo r t i ona l  t o  s i n28  and s o  is  n e c e s s a r i l y  < 1 f o r  suf-  
f i c i e n t l y  smal l  s i n e ) ,  ( i i )  t h e  escaping r a d i a t i o n  is  genera ted  by t h e  
maser a t  s = 2 (Melrose and Dulk 1982), ( i i i )  t h e  maser gene ra t e s  z- 
mode waves a t  w > Re and t h e  escaping r a d i a t i o n  r e s u l t s  from t h e  coa l-  
escence of two z-mode waves i n t o  o-mode o r  x-mode r a d i a t i o n  a t  w > 2R - e 
(Melrose e t  a l .  1984). 

Suggestion ( i )  encounters  t h e  d i f f i c u l t y  t h a t  i t  would r e q u i r e  a  
very  s p e c i a l  source  s t r u c t u r e  f o r  r a d i a t i o n  emi t ted  a t  9  " ~ / 2  a t  w " R e  
t o  a r r i v e  a t  t h e  l a y e r  w : 2Re a t  s i n e  " 0. It might appear  t h a t  t h i s  
d i f f i c u l t y  can be  overcome by appea l ing  t o  t h e  pa ra l l e l- d r iven  maser 
which does gene ra t e  r a d i a t i o n  a t  smal l  s i n e .  However, i f  t h e  r equ i r e-  
ment (5) can ever  be s a t i s f i e d  i t  is l i k e l y  t o  be f o r  downgoing ( i n t o  
i nc r ea s ing  B) e l e c t r o n s  and then t h e  maser emission is  i n i t i a l l y  d i r e c t -  
ed downwards; t hus  a  change i n  9 by " 180°, r a t h e r  than s 90° f o r  t h e  
perpendicular- driven maser, would seem t o  be requi red .  No p l a u s i b l e  
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source model based on e i t h e r  maser mechanism has  been developed. 
The d i f f i c u l t y  wi th  suggest ion ( i i )  is twofold. The maximum growth 

r a t e  a t  t h e  s t h  harmonic f o r  e i t h e r  t h e  pa ra l l e l- dr iven  o r  t h e  perpen- 
dicular- driven maser i s  of t he  form 

where Cs(8) is a f a c t o r  of o rde r  u n i t y ,  nl/ne i s  t h e  r a t i o  of t h e  pre-  
c i p i t a t i n g  t o  t h e  thermal e l e c t r o n s  and <O:> is t h e  average of 6: over 
t h e  d i s t r i b u t i o n  func t ion .  E f f ec t ive  growth a t  s = 2 r e q u i r e s  (a )  t h a t  
t h e  much f a s t e r  growth a t  s = 1 be suppressed,  and (b) t h a t  (yma,:l a t  
s = 2 be s u f f i c i e n t l y  l a r g e  f o r  growth a t  s = 2 t o  be  o p t i c a l l y  t h i ck .  
Requirement (a )  can be s a t i s f i e d  f o r  wp/Re 2 0.3 (Hewitt e t  a l .  1982) 
and t h e r e  i s  then a  range of w /Re where growth of e i t h e r  t h e  z-mode o r  P 
t h e  o-mode a t  s = 1 o r  t h e  x-mode a t  s = 2 i s  favored.  Although t h i s  
l e ads  t o  hope t h a t  e i t h e r  sugges t ions  ( i i )  o r  ( i i i )  might overcome t h e  
d i f f i c u l t y ,  t o  d a t e  t h e r e  i s  no p l a u s i b l e  model which c l e a r l y  demon- 
s t r a t e s  t h a t  t h i s  i s  t h e  case .  

Besides t h i s  d i f f i c u l t y  wi th  thermal abso rp t ion ,  t h e r e  a r e  o the r  
bas i c  problems i n  formulat ing a  model based on the  cyc lo t ron  maser 
mechanism. One concerns t h e  r e l a t i o n  between t h e  l a r g e  and t h e  small 
s c a l e s .  Maser emission s a t u r a t e s  quick ly  and s o  i s  r e s t r i c t e d  t o  l oca l-  
ized  reg ions  (Melrose and Dulk 1984). I n  view of t h i s  i t  i s  by no 
means c l e a r  how one inco rpo ra t e s  t h e  b a s i c  phys ics  ( c a l c u l a t i o n s  of 
growth r a t e s  e t c . )  i n t o  a l a r g e  s c a l e  model f o r  an  a s t r o p h y s i c a l  maser. 
A r e l a t e d  problem is t h a t  maser emission must be dr iven  cont inuous ly ;  it 
r equ i r e s  a  "pump" j u s t  a s  does a  l abo ra to ry  maser o r  l a s e r .  The r e l a -  
t i v e l y  long dura t ion  of s t e l l a r  f l a r e s  r e q u i r e s  t h a t  t h i s  de r iv ing  
mechanism ope ra t e  continuously over t h e  observed t imesca le .  For t h e  
perpendicular- driven maser one r e q u i r e s  a  continuous supply of p rec ip i-  
t a t i n g  e l ec t rons .  Moreover t h e s e  e l e c t r o n s  must be forced  t o  p rec ip i-  
t a t e ,  a s  i n  AKR; a d r i b b l e  of p r e c i p i t a t i n g  p a r t i c l e s  from a t rapped 
e l e c t r o n  d i s t r i b u t i o n  i s  inadequate.  This  l e a d s  t o  a  t h i r d  problem i n  
t h e  formulat ion of a  model: an a c c e l e r a t i o n  mechanism and a source of 
f r e e  energy i s  requi red .  The coherent  r a d i o  emission i s  n o t  r e s t r i c t e d  
t o  s t a r s  i n  b inary  systems and s o  t h e  source of f r e e  energy i s  no t  
neces sa r i l y  a s soc i a t ed  wi th  magnetic coupling between s t a r s .  F l a r ing  
c o r r e l a t e s  with rap id  r o t a t i o n  i n  convect ive s t a r s  (e.g. Bopp 1980),  
and presumably t h e  d r i v i n g  mechanism f o r  t h e  maser emission is s i m i l a r  
t o  t h a t  i n  s o l a r  sp ike  b u r s t s  and i s  a s soc i a t ed  wi th  a  so la r- type  f l a r e .  

One may conclude t h a t  t h e  formulat ion of an  acceptable  model based 
on the  cyc lo t ron  maser mechanism involves  some formidable problems. 

3. PLASMA EMISSION AND STELLAR FLARES 

The dominant r a d i o  emission mechanisms f o r  s o l a r  r a d i o  b u r s t s  a r e  gyro- 
synchrotron emission i n  t h e  microwave range and plasma emission a t  
decimeter,  meter and longer  wavelengths. I d e f i n e  "plasma emission" 
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t o  inc lude  any mechanism which involves  conversion of plasma micro- 
turbulence  i n t o  escaping r a d i a t i o n .  I n  s o l a r  decimeter-wave b u r s t s  t h e  
e f f e c t  of t h e  magnetic f i e l d  on t h e  microturbulence seems t o  be  import- 
a n t  and upper-hybrid and Berns te in  modes a r e  probably involved,  e.g. 
t he  reviews by Kui jpers  (1980) and elsewhere i n  t he se  Proceedings. A t  
meter and longer  wavelengths t h e  magnetic f i e l d  is weak, i n  t h e  sense  
Re << up,  and t h e  microturbulence involves Langmuir waves. 

Considerat ion of pos s ib l e  ana logs  f o r  s o l a r  b u r s t s  l e ads  t o  two 
a l t e r n a t i v e s  t o  t h e  cyc lo t ron  maser mechanisms f o r  s t e l l a r  f l a r e s .  
F i r s t ,  t h e  emission could be due t o  many unresolved type  111- like 
b u r s t s .  The s o l a r  b u r s t s  would need t o  be  s ca l ed  up t o  h igher  frequen-  
c i e s .  This  s c a l i n g  i n  i t s e l f  p r e s e n t s  a  d i f f i c u l t y  because c o l l i s i o n a l  
damping becomes s t ronge r  a t  h igher  plasma f requencies .  Also t h e  
b r igh tnes s  temperature TB would need t o  be  s ca l ed  up: t h e  maximum TB 
observed f o r  type I11 b u r s t s  i n  t h e  s o l a r  corona is 1013 K compared 
with 1015 K f o r  some s t e l l a r  f l a r e s .  Also type I11 b u r s t s  a r e  only 
weakly po la r i zed  and one would need t o  invoke some a d d i t i o n a l  mechan- 
i s m s ,  such a s  thermal absorp t ion  a t  s = 3 which e l imina t e s  t he  x-mode 
component t o  produce the  observed high p o l a r i z a t i o n  of some s t e l l a r  
f l a r e s .  A f i n a l  d i f f i c u l t y  is ene rge t i c :  i t  is  es t imated  t h a t  only 
: 10-3 of t h e  s o l a r  ene rge t i c  e l e c t r o n s  escape t o  produce type 111 
b u r s t s  with t he  n e t  conversion e f f i c i e n c y  f o r  t he  r a d i o  power 
compared t o  t he  power going i n t o  e l e c t r o n  a c c e l e r a t i o n .  These d i f f i -  
c u l t i e s  seem formidable,  bu t  i n  view of t h e  d i f f i c u l t i e s  with t h e  
cyc lo t ron  maser theory,  it would be worthwhile explor ing  such an a l t e r -  
n a t i v e  model. 

Another v a r i a n t  on plasma emission involves Langmuir (o r  o t h e r )  
waves generated by a  loss- cone an i so t ropy ,  a s  has  been proposed f o r  
decimeter-wave b u r s t s  (e.g. Kui jpers  1980), type I b u r s t s  (Melrose 
1980, Benz and Wentzel 1981) and microwave f l a r e  k e r n e l s  (Zai t sev  and 
Stepanov 1983). A d e t a i l e d  d iscuss ion  of t h e  growth of t h e  Langmuir 
waves has  been presented r e c e n t l y  by Hewitt and Melrose (1984). A 
f u r t h e r  a l t e r n a t i v e  model could be based on t h i s  mechanism. The d i f -  
f i c u l t i e s  a r e  s i m i l a r  t o  those  with t h e  type  I11 model mentioned above. 
However t h e  ene rge t i c  requirements  a r e  l e s s  severe .  

4. MAGNETIC COUPLING AND ELECTRON ACCELERATION 

It seems t h a t  t h e  r ad io  emission from most f l a r e  s t a r s  can be explained 
i n  terms of gyrosynchrotron r a d i a t i o n .  For t h e  RS CVn s t a r s ,  f o r  
example, t h e  r a d i o  b r igh tnes s  temperature may no t  exceed about lo1' K, 
and i f  t h i s  is t h e  case  then i t  is probably unnecessary t o  invoke a 
coherent  emission mechanism. I f  we accept  t he  gyrosynchrotron hypo- 
t h e s i s ,  t h e  ques t ion  a r i s e s  a s  t o  how t h e  e l e c t r o n s  a r e  a c c e l e r a t e d ,  
and t h i s  l e ads  t o  t h e  underlying ques t ion  of t he  source of f r e e  energy. 
A t  l e a s t  f o r  t he  RS CVn s t a r s  and t h e  AM Her s t a r s  i t  is p l a u s i b l e  t h a t  
t h e  u l t ima te  source of t he  f r e e  energy is from magnetic coupling be- 
tween t h e  two s t a r s  i n  a  b inary  system. 

The magnetic coupl ing  between s t a r s  is  no t  understood.  Three 
types of model have been envisaged. The c e n t r a l  problem is  t h a t  i n  t h e  
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i d e a l  MHD approximation, a s  t h e  s t a r s  r o t a t e  and move around t h e i r  or-  
b i t s ,  t he  magnetic f i e l d  l i n e s  would be  wound up i n d e f i n i t e l y .  One way 
of overcoming t h i s  is  t o  invoke d i s s i p a t i o n  o r  magnetic reconnect ion 
(Bahcall  e t  a l .  1973, Treves 1978, J o s s  e t  a l .  1979, Lamb e t  a l .  1983). 
The bu i ld  up of magnetic s t r e s s e s  is  minimized, bu t  n o t  e l im ina t ed ,  f o r  
s t a r s  i n  synchronous r o t a t i o n .  The i dea  i s  t h a t  t he  system f i n d s  a 
magnetic con f igu ra t i on  i n  which d i s s i p a t i o n  i n  a l o c a l i z e d  reg ion  o r  
regions a l lows  t h e  b u i l d  up i n  magnetic s t r e s s e s  t o  be cont inuous ly  r e-  
laxed. The d e t a i l s  a r e  i l l - d e f i n e d .  The second type  of model is based 
on an  assumed analogy wi th  t h e  10- Jupi te r  system (Dulk e t  a l .  1983, 
Chanmugam and Dulk 1983) i n  t h a t  one s t a r  is  regarded a s  a conductor 
moving through the  magnetic f i e l d  of t h e  o the r .  However, aga in  t h e  de- 
t a i l s  a r e  somewhat u n c e r t a i n ,  e s p e c i a l l y  i n  view of r ecen t  changes i n  
ideas  concerning t he  10- Jupi te r  system (e.g.  Neubauer 1980, Goertz 
1983). I n  t h e  t h i r d  approach (Uchida and Sakurai  1983) t h e  d i s t r i b u t -  
ion  of f i e l d  l i n e s  th read ing  between t h e  two s t a r s  i s  c a l c u l a t e d  under 
s p e c i f i e d  boundary cond i t i ons .  

A much more sys temat ic  and thorough i n v e s t i g a t i o n  of t h e  magnetic 
coupling is r equ i r ed .  One i n t e r e s t i n g  po in t  a r i s i n g  from t h e  e x i s t i n g  
l i t e r a t u r e  is t h a t  t h e  r a t e  of energy d i s s i p a t i o n  may be only weakly 
dependent on t h e  model. Typica l ly  i t  seems t h a t  when a conduct ing ob- 
j e c t  (one s t a r )  of a r e a  A moves w i th  speed v through an ambient 
f i e l d  B (due t o  t h e  o t h e r  s t a r )  f r e e  energy becomes a v a i l a b l e  a t  a r a t e  
of o rder  ( ~ ~ 1 2 ~ ~ )  Av. It would be d e s i r a b l e  t o  confirm t h i s  and de t e r-  
mine t h e  cond i t i on  under which i t  a p p l i e s .  

F i n a l l y  t h e r e  is the  problem of e l e c t r o n  a c c e l e r a t i o n .  Again t h i s  
is poorly understood. Magnetic d i s s i p a t i o n ,  double l a y e r s  and small- 
amplitude Fermi a c c e l e r a t i o n  a r e  a l l  p o s s i b l e  mechanisms. R e a l i s t i c a l l y  
t he  b e s t  one can hope t o  ach ieve  a t  our  p r e sen t  l e v e l  of understanding 
is t o  modify proposed models f o r  a c c e l e r a t i o n  i n  t he  s o l a r  corona (e .g.  
Chapter 4 of S tur rock  1980) t o  t h e  s t e l l a r  sources .  I know of two such 
models c u r r e n t l y  i n  p r e s s  (Kui jpers  and van de r  Huls t  1984, Bogdan and 
Sch l i cke i s e r  1984). 
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