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ABSTRACT 

W e  p r e s e n t  a rough b u t  c o n s i s t e n t  model f o r  t h e  

o r i g i n s  and time v a r i a t i o n s  of t h e  r a d i a t i o n  

spectrum of a t y p i c a l  sou rce  over  a l l  wave bands. 

The type  example i s  t h e  quasa r  3C273B; w e  mean t o  

i n c l u d e  by ex tens ion  v a r i o u s  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 .  Primary synchro t ron  emission i s  i n  t h e  

i n f r a - r e d ;  t h e  s t e e p  d e c l i n e  on t h e  low-frequency 

s i d e  of t h e  power peak i s  due, n o t  t o  se l f - abso rp t ion ,  

b u t  t o  t h e  c y c l o t r o n  turnover .  O p t i c a l  and x-ray 

con t inua  are Compton-recoil photons; t h e  r a d i o  out -  

b u r s t s  arise i n  t h e  f a m i l i a r  expanding c louds .  The 
. \  

dynamical model which n a t u r a l l y  f i t s  t h e  requirements  

is t h a t  of a condensed, r o t a t i n g ,  magnetized body, 

evolv ing  non-thermally,  t h e  s p i n a r .  
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1. Recent obse rva t ions  (Kleinmann and Low 1 9 7 0 ;  Aumann and Low 

1 9 7 0 )  r e i n f o r c e  t h e  i n f e r e n c e s  from previous  work (Johnson'and . 

Low 1 9 6 5 ;  Low and Kleinmann 1968 ;  Pacholczyk and Weymann 1 9 6 8 ;  

Beckl in  and Neugebauer 2 9 6 9 ) :  powerful i n f r a - r ed  emission i s  a 

common f e a t u r e  of s t r o n g  r a d i a t i o n  sources  as d i v e r s e  as our  

, Galactic nucleus,  t h e  S e y f e r t  n u c l e i ,  and t h e  quasars .  They a l l  

- e x h i b i t  roughly s i m i l a r  s p e c t r a l  c h a r a c t e r i s t i c s ,  a peak power 

i n  t h e  range betMeen-a f e w  microns t o  a f e w  hundred microns wave- 

l eng th ,  and a s t e e p  d e c l i n e  a t  both t h e  l o w -  and high-frequency 

edges.  The.power i n  t h e  I R  band o f t e n  dominates any o t h e r  s i n g l e  
, 

.- i n s t rumen ta l  band, and conceivably outmeasures t h e  whole rest of 

t h e  spectrum. 

Our working hypo'thesis i s  t h a t  such sources  are b a s i c a l l y  I R  

objects. The I R  emission i s  primary; w e  examine. i t s  mechanism and 

i t s  r e l a t i o n s h i p s  w i t h  t h e  o t h e r  s p e c t r a l  bands. The theory  i s  s t i l l  

i n  a p re l imina ry  form, and even t h e  obse rva t ions  are n o t  complete 

for  any s i n g l e  object. The model a l though t e n t a t i v e  accounts  con- 

s i s t e n t l y  fo r  what i s  known o f . t h e  whole spectrum, and g i v e s  a rough 

q u a n t i t a t i v e  d e s c r i p t i o n  of a l l  e m i t t i n g  reg ions .  
. .  

\ 

2. W e  t a k e  as a guide  f o r  ou r  c o n s i d e r a t i o n s  3C273, t h e  source  

perhaps best known for  i t s  o v e r a l l  spectrum, i n  keeping w i t h  t h e  

p r e s e n t  purpose. S ince  u n f o r t u n a t e l y  t h e  3C273 data are less c l e a r  

j u s t  i n  t h e  I R ,  and i n  a d d i t i o n  the  source  i s  complex,.some d i s c u s s i o n  
1 is  i n  po in t .  I 

1 W e  assume throughout t h e  i n d i c a t e d  r e d - s h i f t  d i s tance ,  about  
G O O  Mpc w i t h i n  t h e  accuracy of t h e  Hubble cons t an t .  



. .  
I .  

.Meter band and longer waveleng'ths (Kellermann and Pauliny-Toth 

1969; von Hoerner.1966): This emission comes largely from the very 

extended (10 pc) component 3C273A; it is constant in time. The 

flat power-law spectrum decreasing smoothly from a poorly-known 1.f: 

4 .  ' 

cut-off presents no problems for a weak-field synchrotron emission 

mechanism. The genetic connection with 3C.273 B, and the long-time 

energy evolution will be discussed in another paper. 

Radio emission below lm wavelength -(Kellermann and Pauliny- 

Toth' 1968): A remarkably successful picture of these emissions, 

which explains their composite spectrum, the time-varying intensities 

and downward shifting 1.f. cut-of?s, arises from the model of ex- 

panding plasma clouds (van der:Laan 1966) emitted from time to time 

by a centre of activity at the optical The 

c louds  become detectable only after they have expanded to about 1 

position of' 3C273 B. 

light month in diameter, when the.interna1 fields are around 1 gauss; they 

expand visibly for a few more years, until the magnetic field reaches 

slowly-changing intensities, well below a milligauss. Their energy 

content ranges up to 

perhaps to % 10 46-47 &rg/s.' The unusual Seyfert galaxy 3212; (NGC 1275) 

fits the same pattern even'more quantitatively, (Pauliny-Toth and L 

c 

55 1054 or 10 ergs, and the mean power implied . .  

.. 

. Kellermann 1968). 1 - 
Millimeter radiation (Kellermann, Clark, Bare et a1 1968): The 

various expanding radio outburst clouds, resolved by interferometry 

as spatially compact components of the complex centimeter-band 

spectrum, account for the'emission and its time course up to a 
I 

i 
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frequency of several times lo1’ c/s. 

xadiation rises steeply with frequency, but varies in time on a 

scale of months or weeks. This is largely the earliest sight of 

the outburst clouds , with a self -absorption cut-of f appropriate 
for the densities % 1 ~1.11’~ and fields - 1 Gauss. 
0 - 3  mm to 30 m: a few ergs/sec. 

Just shortward of this, the 

‘L Total output from 

Infra-red radiation (Kleinmann and Low 1970; Aumann and Low 1970) : 

This wide and less-kiiown band, which we -take as extending from 

several hundred microns down to one micron wavelength, holds the 

primary emission power of 3C273B. Within its high-frequency end, 
,‘ 

’ from 1.1 /cc to about 10 /h.c/ (the range where ground based observing i s ’  

possible) the integrated power output exceeds by one order of 

magnitude the total radiation in all other regions, reaching say a 

few ergs/sec. There is evidence for an even larger power output, 

strongly varying in time, at wavelengths up to 70 /cIG e The emission 

peak must come somewhere between 20 p and a few hundred; if it 

comes at the shorter wavelengths, the power is the value cited, if 

* * *  2’ 

at the longer waves, the power goes up by one order of magnitude. 

Optical continuum (Oke 1966): the falloff in frequency in the 

near IR is much faster than the rough l/v behavior of the optical 

continuum (which .is perhaps less clear in 3C273B than in other quasars) 

Output, about ergs/s frop 3000 to 1OOOOA. Time vaiiatipns on 
0 

’. 
scales from weeks to decades are seen. 

I ’ ’  

. .. . .  . .  
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O p t i c a l  l i n e s  (Osterhrock and Pa rke r  1966; .Burbidge and 
1 

Burbidge' 1 9 6 7 )  : A t o m i c  eniission lines .come f ro in '  a gas shell ,  ,, 

i 
or  p o s s i b l y  a more f i l a m e n t a r y  s t r u c t u r e ,  sur rounding  t h e  sourde  

I 
I 

a t  d i s t a n c e s  of t h e  order of t e n s  of l i g h t  y e a r s .  The g a s  must 

have a mass of some 1 0  5 6 I 
> I  o r  1 0  Mo, w i t h . t h e s e  models t h e  

e x c i t a t i o n  coming e i t h e r  from hard photons o r  d i r e c t l y  from 
i 

leakage part ic les .  The l i n e - e m i t t i n g  gas shows bulk motion, 

whether o r b i t a l  o r  t u r b u l e n t ,  c o n s i s t e n t  ~ i t h  a l a r g e  c e n t r a l  
. 9  m a s s ,  some 10 Mo. 

I 

. .  ~- 

. 'X-rays: A r e c e n t  experiment,  (Bowyer, Lampton, Mack e t  a1 1 9 7 0 ;  

Friedman 1 9 7 0 )  h a s  d e t e c t e d - a  power of about  1 0 4 6  e r g s / s  f r o m  0 . 2  * to  1 0  k 

c o n s i s t e n t  w i t h  a l/v ' e x t r a p o l a t i o n  f r o m  t h e  o p t i c a l .  A t - p r e s e n t  

r e s o l u t i o n ,  however, t h e  ,X-rays could  o r i g i n a t e  i n  e i t h e r  o r  i n  

both of t h e  components A and B. 
- 

-.So . .  active a q u a s a r  as 3C273 i s  perhaps unusual ,  b u t  w e  

believe t h a t  t h e  model it implies h o l c k a l s o  w i t h  d i f f e r i n g  para- - 

meters, f o r  a wide range of o t h e r  objects.  C e r t a i n l y  SCXE S e y f e r t s  - -  

also appear  t o  be predominant ly  I R  emitters, often w i t h  a f l a t t e r ,  
non-thermal o p t i c a l  continuum (Oke 1 9 6 8 ;  Yisvanathan and. Oke 1 9 6 8 )  . 
3. Can t h e  IR- power be made by e l e c t r o n  synchro t ron  emission? 

.* i i 

. . .  .. . . .  . . .  , .  . . .  . . . . _ -  . .  . - . - .  - . . .  - I .  . -  . ~ , .  

Recent work (O'Dell and Sartori 1 9 7 0 )  on synchro t ron  emiss ion  
. .  . - -  . . - . ;s:i offers a f r e s h .  way t o  r e -examhe  t h e - i s s u e  ..~ - . -- -- ~ ...__.. - ._ . . . . .  _ . _ .  - . .  

by r e c o n s i d e r i n g  t h e  r o l e  at i n t e r m e d i a t e  (9 ? 101' Hz)- f r e q u e n c i e s  

of s e l f - a b s o r p t i o n ,  which t u r n s  o u t  n o t  to be - t h e  o r i g i n  of. t h e  

1 . f .  c u t - o f f .  . /  

-4 - 



a)  S ing le  p a r t i c l e s  of energy d / m c 2  s p i r a l l i n g  a t  s m a l l  p i t c h  

ang le  0 i n  a magnetic f i e l d  B, - w i t h  fQz.f,ernit a synchro t ron  

spectrum compressed w i t h i n  t h e  l i m i t s :  
. .  

The lower l i m i t  i s  modified both  by t h e  inc reased  e l e c t r o n  mass 

and by t h e  b l u e - s h i f t  of e l e c t r o n s  c o n t r i b u t i n g  along t h e  l i n e  
.. 

of  s i g h t ;  t h e  upper l i m i t  corresponds t o  an e f f e c t i v e  r a d i u s  of 

c u r v a t u r e  g z E 5 . 1  i n  a h e l i c o i d a l  o r b i t .  The r a d i a t i o n  

p a t t e r n  has  a width dqk%- ($)I3 
I 

yr3 8 
, always approaching 4 ~ 2 0  

, ’  a t  t h e  lower l i m i t .  

b )  

c o n t r i b u t i o n s  t o  r a d i a t i o n  a t  frequency V give t h e  f a m i l i a r  

power l a w :  

,r 
For an e lec t ron  energy d i s t r i b u t i o n  lkl(y)” f ( r i d  f “ & )  t h e  h . f .  

F 

Fv - 130 x (Number of e l e c t r o n s  wi th  V b z V  i . e . ( v , o ) - T  
G-f 

x ( i n v e r s e  width of t h e  r a d i a t i o n  p a t t e r n  a k  t’ 2 L e - @ .  [ q 3 a F )  = (13$+‘ 21- 2 
G 16- 

A t  low f r equenc ie s  $2 . v R / ~ ~ i  , t h e  same e s t i m a t e  g i v e s  F, - Y Q / f - ‘  

. us ing  t h e  o t h e r  l i m i t i n g  r a d i a t i o n  p a t t e r n  4.21.2 9 . N o t e  t h a t  t h e  

h i g h e s t  energy e l e c t r o n s  dominate a l s o  t h e  lowest energy emission. The 

t w o  l i m i t i n g  s l o p e s  m e e t  a t  t h e  c y c l o t r o n  turnover  , a f a i r  

e s t i m a t e  of t h e  p o s i t i o n  of t h e  power maximum: 

and 0 , a microscopic  average over  t h e  e f f e c t i v e  p i t c h  ang le  

. .  
For uncor re l a t ed  J‘ 

d i s t r i b u t i o n  i s  t o  be  taken,  c f .  also 0 ’ ’ D e l l  and S a r t o r i  1970.  

c) The range of t h e  emi t ted’spec t rum i s  n o t  n e c e s s a r i i y  given by 

t h e  f u l l  range  i n  e l e c t r o n  energy. On t h e  one hand, c o r r e l a t i o n s  
\ 

between energy and angle ,  tend t o , b e  b u i l t  up by energy g a i n  and 

loss  processes  i n  t h e  sense  of h ighe r  going t o g e t h e r  w i th  

smaller @ . I f  f@’%,? c o n s t ,  p i l i n g  up of r a d i a t i o n  a t  t h e  1.f .  

edge w i l l  s t eepen  t h e  spectrum; i f  fL@ c\r c o n s t ,  t h e  same e f f e c t  
‘L 

, 
-5- 
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. . . .  - . . . . . . .  . . . . . . . .  . . . . . . . . . .  __ . . .  -- . -.. 

" .  

o c c u r s  a t  t h e  h . f .  1imi. i ; .  .On t h e  o t h e r  hand, t h e  assumption of . .  

uniform B may well be too schematic;  b o t h  a c c e l e r a t i o n  and energy 

loss can depend on p o s i t i o n ,  t h u s  modifying t h e  spectrum; - r+ $ 
t h e  d i f f e r e n t  dependences on B of t h e  1 . f .  spectrum ( - !?J ) 

WA3 
and of t h e  h .  f .  spectrum (- B ) weight  d i f f e r e n t l y  c o n t r i b u t i o n  

f r o m  low and h igh  13 r e g i o n s .  A l s o ,  dependence of s e l f - a b s o r p t i o n  

on sp reads  i n  y and 0 

v i s i b i l i t y  c o n d i t i o n s  i n  a well orde red  geometry t end  t o  reduce the  

c o n t r i b u t i o n  of h igh  energy e l e c t r o n s .  . 

should  be cons idered;  moreover, beam 

A precise d e t e r m i n a t i o n  of s p e c t r a l  shapes  w i l l  r e q u i r e  

f u r t h e r  c o n s i d e r a t i o n .  

p a r t u r e s  f r o m  p a s t  schemes are: F i r s t , ' + a  1.f. cut -of f  can appear  i n  

o p t i c a l l y  t h i n  c o n d i t i o n s  at r easonab le  values of t h e  magnet ic  f i e l d ;  

W e  conclude a t  t h i s  s t a g e  t h a t  t h e  key de- 

i s  l a r g e r  t h a n  t h e  synchro t ron  4? namely, t h e  frequency vo 
- . . . . . . . .  _ .  - .~ 

. .  .... 

where Sm i s  t h e  f l u x  a t  t h e  obse rved  t u r n o v e r ,  a.nd 

a n g u l a r  w id th  of t h e  sou rce .  Second, t h e  h . f .  cu t -o f f  i s  lowered 

a t  least  t o  2 2 r:- 0 
i s  t h e  observed 

- -  . Third,-  t h e r e  i s  a qua l i t a t i$ . e  tendency t o  
- 

I .  

- .  
. . .  , -  . .  ~. shrilik'. th-e ~'sp~ec-t-ra'l--~ra-nge--sti-i-l- -further,  The-. -~-f-eature-s . Of 1 .~  

. .  

peak can t h u s  b e  exp la ined  by s,ynchrotron emiss ion  from o p t i c a l l y -  
. . . . .  . .  . . . . . . .  - .-- . _. . 

. t h i n '  . e l e c t r o n s ,  moving a t  s m a l l  p i t c h  a n g l e s  w i t h i n  a 'modera te ly  
. . . . . . .  .... . . . . . . . .  . . . . . . .  --. ...... - ...... -. . .  - .... __ - . . .  - _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .... . .... ..... 

i 

............... . . .  I ........... - . ~  

. h i g h  B, near .  l a r g e  (even . s i n g l e )  . .  anchor ing  masses. 

W e  now f i x  t h o s e  magnitudes which do n o t , s t r o n g l y  depend 

upon t h e  1.R s p e c t r a l  . . . .  shape.  . .  F i r s t  . .  of a l l ,  t h e  . .  t r a n s i t - t i m e  . . . . . . . . .  argu- 

rnents se t  t h e  d i ame te r  of t h e  e m i t t i n g  r e g i o n  a t  loL6 c m ,  a smaller 

s i z e  t h a n  t h a t  d e r i v e d  f r o m  t h e  c u r r e n t  a n g u l a r  r e s o l u t i o n  of 

VLBI.  W e  place t h e  e m i t t i n g  volume a t  c m  3 . .  



. -  ._--._____ 

The total synchrotron power i s  g iven  by:' 

P%10 47  or e r g  3 1.0'~~ B~ i l 2  nV 

where n is t h e  mean number d e n s i t y  of r e l a t i v i s t i c  e l e c t r o n s .  

The frequency of peak power I n o t  w e l l  known, i s  given by the  

cy_clotron tu rnove r  frequency 5 o r  1 0 1 ~  Hz. One 
0 

a d d i t i o n a l  r e l a t i o n  i s  provided by t h e  requirement t h a t  t h e  

magnetic f i e l d s  p re se rve  t h e  form of  t h e  r eg ion ,  so t h a t  t h e  

magnetic stress must dominate t h e  el cd'zon loss stress, g iv ing  

B x ~ ~ ~ ~ ' d /  24. Moreover, fo r  t h e  correct use  of t h e  synchro t ron  

r e l a t i o n s ,  w e  must r e q u i r e  t h a t  ( r@ )>  1 f o r  a l l$  A c o n s i s t e n t  

s e t  of  parameters  i s  given by B X 1 0  

To e x h i b i t  s e p a r a t e l y  t h e  va lues  o f  and t h e  p i t c h  ang le ,  w e  

choose a p a i r ,  n o t  fo r  t h e  cyc lo t ron  peak power frequency,  b u t  

f o r ' s a y  1014 Hz, wi th  t h e  usua l  r e l a t i o n  ' d e  = 

Such e l e c t r o n s  then  have an energy x z 1 0 3  and a p i t c h  angle  

*e% l o w 2 .  The low-energy e l e c t r o n  cut-off  & 
some t e n s  ; t h e  overal l  range of t h e  e lec t ron  spectrum i s  then  about  

4 Gauss and n = l o 7  o r  l o 8  c 2 1 - n ~ ~ ~  
/ 

r26' 2 /d''/!;z t 

w i l l  reasonably be 

gL/r, Z 30 b,fO . The m a s s  f low works o u t  t o  some 1 0  Mo/y<ar  
( t ak ing  one pro ton  p e r  e l e c t r o n ) .  I n  s e c t i o n  5 w e  w i l l  show t h a t  

t h i s  s i z e ,  stress r a t i o ,  m a s s  f low,  and magnetic f i e l d  a l l  f i t  

n a t u r a l l y  i n t o  t h e  framework of o u r  dynamical model. 

Angular .concent ra t ion  of  t h e  source ,  and t h e  l i k e l i h o o d  of  

s h o r t  t e r m ,  s t r o n g  f l u c t u a t i o n s  are known, i n t e r e s t i n g  p r o p e r t i e s  

of a co l l ima ted  (on t h e  average)  geometry of t h e  e m i t t i n g  

8 p a r t i c l e s  (Woltjer 1966). 
.\ . 

. .  

4. The next  high frequency bands of  t h e  spectrum, t he  o p t i c a l  

-. q - 



and p o s s i b l y  t h e  X-ray cont inua ,  can  a r i se  f r o m  i n v e r s e  Compton 

s c a t t e r i n g  of  t h e  s a m e  I R  photons by e n e r g e t i c  e l e c t r o n s .  

r a t i o  of i n v e r s e  Cornptolz t o  pa.rer,t synchro?-on ~oLTc,.)- (Woltjer; 1 9 6 6 )  

can be  expressed as 

T h e i  
. .I . *  - -.p*--. , ,  L 5 

I 
I 

where 

between e l e c t r o n s  and photons,  t h e  index ' a p p l i e s  t o  t h e  r eg ion  

where t h e  s c a t t e r i n g  a c t u a l l y  t a k e s  p l a c e ,  which is  n o t  

n e c e s s a r i l y  c o i n c i d e n t  w i th  t h e  r eg ion  o f  synchrotron photon 

L . is tile ~ 

l e n g t h  of t h e .  r-egions, 8' i s  t h e  ang le  

I 

gene ra t ion ;  q==dT [ ,o- ' )' i s  a f a i r  e s t i m a t e  of. t h e  c r o s s  s e c t i o n  

as long a s  J ' L  v c ' c m  c L  
3 

Notice t h a t  t h e  o p a c i t y  t o  Compton 

s c a t t e r i n g  5 h'f-'@l'' i s  .apprec iab ie  for  l a rge*  objects where 
23 24 -2 

A . L I % / 5  cLn' , u n l e s s  t h e  a n g l e  e' s t a y s  very sma l l .  The g a i n  
r e  

i n  energy of  s i n g l e  photons i s  of o r d e r  1 I un?.ess again t h e  .. =. 

angle  i s  very small .  Successive s c a t t e r i n g s  w i l l  extend t h e  
1 2 .  

. spectrum weakly up t o  J' I\ s/ 2 , where t h e  c r o s s  s e c t i o n  

d e c l i n e s .  - -- - I 

Thus an average c u r v a t u r e  of  t h e  l i n e s  of  B w i l l  i n e v i t a b l y  

s t a r t  a Compton c a s c a d e , i f  n o t  a t  t h e  I R  e m i s s i o n  r eg ion  i t s e l f ,  

then  s l i g h t l y  beyond it, where synchro t ron  photons from o t h e r  

r eg ions  of t h e  source  encounter  t h e  e l e c t r o n s  moving n e a r l y  

a long - B under a s u b s t a n t i a l  c o l l i s i o n  angle .  The synchro t ron  

- - .  . . .  

l i f e  t i m e  be ing  s h o r t  compared wi th  t h e  t r a n s i t  t i m e ,  t h e  

* I n  c o n t r a s t  t o  sources  wi th  much l a r g e r  surface-te-volume r a t i o  

l i k e  t h e  circumpulsar  reg ion  i n  Crab'Nebula. 

- 8 -  
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! 
. ene rgy ,  s p e c t r a l  d i s t r i b u t i o n ,  and t o t a l  o u t p u t  .of t h e  Conipton 

. .  

photons w i l l  depend s h a r p l y  'upon t h e  r e l a t i v e  p o s i t i o n  (or  over-  

l a p p i n g )  of t h e  acceleration and t h e  emission r e g i o n s .  I .  
I ! 

We t a k e  a few s t e p s  m o r e  on t h e  assumption t h a t  KSJ'  and ' 

Then t h e  i n v e r s e  Compton 'photpns extend. over a range1 
. I  .. 

@;7 @ . 
I 

f i x e d  by t h a t  of the .  primary e l e c t r o n s ,  ( @ / k ,  ]L . , I n  t h e  &-, Q 

c o r r e l a t e d  model f o r  t h e  I R  emission one f i n d s  

and hence would expec t  i n v e r s e  Compton photons ex tending  over t h r e e  

r'/& % 30 - 50, 

decades,  s t a r t i n g  wi th  'about l o x 5  Hz.  One e x p e c t s  an X-ray con- 

. tinu6m wi th  a shape l i k e  t h e  o p t i c a l  one,  about  '/. . Not ice  . 

also t h a t  t h e  c r o s s - s e c t i o n  d e c l i n e  waul-d beg in  a t  112 I 9  $y Hz; 

t h e  spectrum ought  n o t  t o  p e r s i s t  i n t o  t h e  gamma r a y  r e g i o n ,  n e i t h e r  

on t h e  basis  o f  t h e  IR bandwidth nor  from t o t a l  energy arguments.  

Ai 

The unseen bands betveen t h e  v i s i b l e  and t h e  Ire17 X-rays must a l so  

c o n t r i b u t e . o u t p u t  . .  power, f o r  t h e  most p a r t  absorbed i n  t h e  gas  of 

any surrounding galaxy ,  which i s  a few t i m e s  t h e  observed o p t i c a l  

power. 

At t h e  o t h e r  extreme of t h e  range  of e l e c t r o n  pa rame te r s ,  v ie  
. .  

expect an excess  of low-energy e l e c t r o n s  w i t h  5 3 which 

c o n t r i b u t e  a narrow SR peak roughly a t  vB/o  -, w h i l e  t h e  .high 

energy e l e c t r o n s  g e n e r a t e  an o p t i c a l  synchro t ron  continuum, and t h e  

Compton photons become unimportant .  Such ' a  spectrum would n o t  f l a t -  

t e n  markedly going f r o m  I R  t o  t h e  o p t i c a l  band, would ex tend  much 

less f a r  i n t o  t h e  X-ray r e g i o n ,  and might t e n d  t o  a h i g h e r  p o l a r i -  

z a t i o n  i n  t h e  v i s i b l e  t h a n  i n  t h e  I R .  .. i 

5. The above emission scheme, a l though i n  p r i n c i p l e  independent ,  

f i t s  very  w e l l  w i th  q u a l i t a t i v e  and q u a n t i t a t i v e  f e a t u r e s  0-f t h e  

s p i n a r  dynamical model (Morrison 1 9 6 9 ;  C a v a l i e r e , . P a c i n i ,  S e t t i  1 9 6 9 ;  

C a v a l i e r e  1 9 7 0 ;  Wol t je r  1 9 7 0 )  f o r  t h e  cores of v i o l e n t  sources. ' 



_ _ _ _ _ - ~ -  _____ _ _  - _ _  _. - 

The main l i n k s  are t h e  s t r e n g t h  of t h e  magnetic f i e l d ,  i t s  

e x t e n t  and cu rva tu re ,  t h e  cont inuous a c c e l e r a t i o n  of e l e c t r o n s ,  

t h e  o v e r a l l  ene rge t i c sand  t h e  mass loss ,  . 

The model independently r e q u i r e s  f i e l d s  about lo5 G a t  
15 t h e  s u r f a c e . o f  t h e  spinar,some 10 c m  i n  r a d i u s ;  t h e  g e n e r a l  

p o l o i d a l  f i e l d  varies outwards w i t h  a l a w  between t h e  extremes 

c and - (or  s t e e p e r  fo r  mul t ipo le s  h ighe r  than  d i p o l e ) ,  
P2 r3 

I I 

as t h e  stress r a t i o  i n c r e a s e s .  I n  t h i s  framework, t h e  I R  r eg ion  

would be l o c a t e d  w i t h i n  t h e  c r i t i c a l  s u r f a c e ,  wi th  r a d i u s  
16 c m ,  say  close t o  10 c m .  I n  r o t a t i n g  models, 

t h e  p o l o i d a l  - B develops g r a d u a l l y  i n t o  a t o r o i d a l  component a t  

t h e  c r i t i c a l  s u r f a c e ,  so t h a t  e l e c t r o n s  are c e r t a i n , a t  least  

t h e r e ,  t o  co l l ide  wi th  photons a t  non-negl igible  angle .  

Continuous and e f f i c i e n t  a c c e l e r a t i o n  of e l e c t r o n s ,  e l e c t r o s t a t i c  

L Pk- 46 
Jr. 

and e lec t romagnet ic ,  i s  p r e d i c a t e d  by t h e  model, i f  on ly  by 

analogy wi th  t h e  pulsars; though t h e  d e t a i l s  of t h e  a c c e l e r a t i o n  

are n o t  understood,  l a r g e - s c a l e  , s t r o n g  e lectr ic  f i e l d s  are 

expected a t  l eas t  w i t h i n  t h e  c r i t i c a 1 , s u r f a c e .  The dynamical 

and e . m .  stresses corresponding t o  t h e  m a s s  l o s s  cause t h e  body 

t o  lose angular  momentum and hence t o  evolve by cont inuously 

r e l e a s i n g  g r a v i t a t i o n a l  e n e r g y ; f i r s t , i n t o  r o t a t i o n a l  energy; 

and thereffom e f f i c i e n t l y  i n t o  p a r t i c l e  and e . m .  energylby  way 

of t h e  - B f i e l d ,  The thermal energy con ten t  always remains smal l .  

Note t h a t  a continuous release of erg/s of r o t a t i o n a l  
L t 

energy,by f l o w  of mass and of  e . m .  angular'momentum; 1 0  48#L '3, X'7[5) ~ 

imp l i e s  a f i e l d  Bc a t  t h e  c r i t i ca l  s u r f a c e  of about 1 0  Gauss, 
4 r  A- 3 

. a g a i n  corresponding t o  l o 4  O r ' d  Gauss a t  t h e  su r face .  ? e The 
55 e n e r g e t i c  con ten t  of t h e  magnetosphere amounts t o  about 1 0  

\ . . *  

- 10 - 
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e r g ;  such plasma ene rg ie s  a r e  a s s o c i a t e d  wi th  t h e  l a r g e r  r a d i o  

b u r s t s .  On 'the o t h e r  hand, t h e  core is bound t o  e m i t  mass 

d iscont inuous ly ,  w i th  an  average pe r iod  something l i k e  t h e  

r o t a t i o n a l  pe r iod  T % 1 y e a r ,  whenever dynamically e x c i t e d .  

The weak-field r a d i o  b u r s t  phenomena correspond t o  the  expansion 

QJ 

of t h e s e  lumped m a s s  e j e c t i o n s ,  i n  t h e  way proposed by van d e r  

Laan ( 1 9 6 6 ) .  The r a d i o  b u r s t s ,  t h e r e f o r e ,  whi le  sha r ing  a common 

energet5.c o r i g i n  wi th  t h e  o t h e r  s p e c t r a l  bands, are n o t  s t r i c t l y  

t ime-cor re la ted  w i t h  them, s i n c e  t h e  r a d i o  emission arises on ly  

f a r  beyond t h e  c r i t i c a l  su r f ace ,  when t h e  magnetic f i e l d  i s . .  

w e l l  under 1 Gauss, Radio-s i len t  QSO'S have a cyc lo t ron  turnover  

cu t -of f  b u t  c u r r e n t l y  no r a d i o  c louds .  . R e e s  ( 1 9 7 0 )  has a l r eady  

poin ted  o u t  t h e  p o s s i b l e  c o n t i n u i t y  of t h e  r a d i o  b u r s t  c louds wi th  

t h e  f i l amen t s  caus ing  t h e  m u l t i p l e  abso rp t ion  r e d  s h i f t s  f a m i l i a r  
\ .  

I .  i n  la rge-z  quasa r s  (see a l s o  Shk lovsk i i  1969)< . 'Op t i ca l  jets and wisps,  I 

and extended m u l t i p l e  r a d i o . s t r u c t u r e s  imply i n s t e a d  occas iona l ,  major 

d i s r u p t i o n s  of a s p i n a r  i n t o  secondary o b j e c t s ,  themselves o f t e n  

sources .  
4 1  

Outside t h e  c r i t i ca l  s u r f a c e ,  B V' . ; i f  a d i a b a t i c  

i nva r i ance  a t  c o n s t a n t  energy p r e v a i l s ,  B,  P-'% W e  a n t i c i p a t e '  

t h a t  e l e c t r o n s  l eak ing  from t h e  c r i t i c a l  s u r f a c e  e m i t  a s t eady  

synchrotron background of about 

range, f a l l i n g  i n  i n t e n s i t y  wi th  i n c r e a s i n g  frequency. 

\ 

e r g s  i n  t h e  m i l l i m e t e r  

I t  i s  n o t  hard t o  see t h a t  t h e  i d e a  of a coherent  sp inn ing  

o b j e c t  whose magnetic f i e l d  decreases  wi th  d i s t a n c e  according 

t o  a power l a w  imp l i e s  a power law energy d i s t r i b u t i o n  f o r  

f a s t  p ro tons ,  .once w e  suppose t h a t  t h e  si tes of i n j e c t i o n  a r e  

-11- 



more or less uniformly spread ‘along the r a d i u s .  A s i m i l a r  model 

f o r  electrons, of course ,  must t a k e  i n t o  account  t h e  r a d i a t i v e  

losses. One may e s t i m a t e  very c rude ly  t h e  maximum energy f o r  

e l e c t r o n s  by c’onsidering t h e  e x t e r n a l  f i e l d  beyond t h e  l i g h t  

circle as a wholly non-accelerat ing magnetic r eg ion  (Landau 

and LiEschi tz  1 9 6 2 ) .  T h a t  e s t i m a t e  y i e l d s  a maximum e l e c t r o n  energy 

1 0  

cont inue  beyond 

2 GeV; tGis impl i e s  t h a t  t he  emi t ted  e.k’. spectrum w i l l  n o t  

kv‘& 20 MeV wi thou t  a break. 

W e  are very g r a t e f u l  t o  ou r  MIT co l l eagues ,  M r .  S. O ’ D e l l  and 

Prof .  Sar tor i ,  f o r  t e l l i n g  us  o f - t h e  c y c l o t r o n  turnover  

phenomenon before p u b l i c a t i o n ,  t o  D r .  T. Kinman and Prof .  N.  

Visvanathan f o r  encouraging informat ion  on “Lheir unpublished 

. o p t i c a l  s t u d i e s  of 3C345, and t o  Prof.  B. F. Burke and L. Wolt jer  

fo r  much d i s c u s s i o n  and h e l p f u l  comments.- 

. .  

. .  
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Caption t o  F igure  

Fig.  1 - Schematic diagram of a t y p i c a l  s t r o n g  source ( n o t  t o  scale) .  

The numbered r eg ions  'are. desc r ibed  below: 

0 Spin a x i s :  s p i n a r  w i t h  angular  momentum J, mass 

1 '  Surface  of  s p i n a r :  po lo ida l -  f i e l d  enhancement. 

2 Synchrotron emission of I R .  

3 Compton-recoil emission of o p t i c a l  and x-ray cont inua .  
CL 4 C r i t i c a l  surface--  r CL c/Q. 

5 Radio b u r s t  c louds ,  r.f. emission, A < 1 m (expanding as 

. * they  move o u t )  (van der Laan 1966). 

6 Emission-line o p t i c a l  source ,  e x c i t e d  gas  f i l a m e n t s  

(Osterbrock and Pa rke r ,  1 9 6 6 )  e 

7 Absorpt ion-l ine o p t i c a l  source ,  fast-moving cooled 

gas f i l a m e n t s  ( R e e s  1 9 7 0 ) .  

8' Weak-field synchro t ron  plasma, r . f .  mainly A > l m .  

Par t ic le  a c c e l e r a t i o n  cont inues  throughout r eg ion  2 ,  and perhaps 

beyond. 

The gene ra l  B f i e l d  f a l l s  about  as l/r2 o r  l/r3 u n t i l  t h e  c r i t i c a l  

s u r f a c e ;  o u t s i d e  t h a t ,  it is  mainly t o r o i d a l ,  and f a l l s  as l / r .  The 

whole volume i s  traversed by t h e  l a r g e ' o u t p u t  of r e l a t iv i s t i c  pro tons .  *. 
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