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According Po Sholonitsky ' the  quasi-s te l lar  radio source CTA 102 3 
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has a var iab le  f lux  density a t  32.5 cm, the  period being about 100 days. 

Sholomitsky takes t h i s  to mean t h a t  t h e  source cannot be l a rge r  than -0.1 pc, 

vhich i 7  t h e  dis tance l i g h t  t r a v e l s  i n  one period. 

diameter is not l e s s  than 2bout O.Ol*', 4*5 he concludes t h a t  it must be c loser  

than 2 M p c ,  and i s  possibly in s ide  our own Galaxy. 

recent ly  announced t h a t  t h e  op t i ca l  object ident i f ied  with CTA 102 has a red 
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s h i f t  z = 

Since i t s  angular 

6 However Schmidt has 

of 1.037, and so is probably a t  a distance comparable with they - 
radius  of t h e  universe ( - 3,000 M p c )  . 1 

Although it is by no means cer ta in  t h a t  the observed var ia t ions or iginate  

in t h e  source itself, w e  wish t o  propose a model which assumes t h i s ,  and i s  

cons is ten t  with the  red s h i f t  observations. 

The mode:. is i l h s t r a t ed  i n  fig. 1. The. radio emjjssion is Afloduced in 

a spheroidal s h e l l  whose axis  .of v e t i y  is approximately along t h e  line of 

s igh t .  
7 

(Shell models f o r  r s d i o  sources have been discussed by several authors, 

and spheroidal s h e l l s  in particular by Layzer *). The main part of t h e  emission 

comes from t h e  region ADB, and its spectrum is taken t o  have a peak a t  about 

300 MC/S ( s ee  f ig .  2). The var iab le  part is  assumad t o  come from the disc-like 

region ACB, which is pulsating (perhaps as a result of an explosion 
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occufing a t  0, whose e f fec t  may reach all parts of the d isc  a t  about t h e  same 

time). 

t h e  individual electrons w i l l  be accelerated by t he  betatron mechanism, and 

t h e  radiated power will be great ly  enhanced. 

it is required t o  emit N 25 per cent of t h e  t o t a l  flux observed a t  1,OOO Mc/s 

i n  order t o  account fo r  t he  observed variations (i.e. i t s  flux density must 
-26 be - 2.10 

The t o t a l  spectrum then agrees with the observed spectrum of CTA 102 

When t h i s  region is compressed, the magnetic f i e l d  strength w i l l  rise, 

When radiating a t  its maximum, 

W/ni!/(c/s)). I t s  epectrum i s  taken t o  be as  shown i n  f ig .  2. 

9 . 
The disc will have its minimum size consistent with the  required flux 

i f  it is  opaque a t  (proper) frequencies up t o  - 1,OOO (l+z)Mc/s when compressed. 

Furthermore i f  its emission i s  t o  vary with a(proper) period of lOO/(l+z) days, 

i ts  thickness cannot exceed 3.10 /(l+z) cms. 

frequencies around 1,OOO (l+z) Mc/s have emrgies of 

each electron producing 

If synchrotron self-absorption is occuAng, t h e  p e r  radiated from the  surface 

of t h e  disc a t  t h i s  frequency is 

The number density of these electrons is t h e d o r e  

per c.c., and t h e i r  energy density - 10-8(l+z)%I'2 ergs/cc. Allowing 

f o r  the  fact t h a t  they only contribute a few percent of the  pa r t i c l e  energy 

density,  and assuming that the  t o t a l  pa r t i c l e  energy is comparable with the  

magnetic energy, 

compressed is 4 5.10-2(1+z) gauss. 

s t rength will probably be suf f ic ien t  t o  produce the required increase of 

about 20 i n  luminosity a t  1,000 (l+z) Mc/s (though t h e  exact fac tor  depends 

on t h e  energy spectrum of the  electrons). 

17 The electrons which radiate  a t  - 2.10'5(l+z)$-+ ergs, - 2.16.10-2% ergs/sec/(c/s) (where H is i n  gauss) 

5 -1 - 3.10"( l+z) H 2ergs/sech/s)/c& 
3 - t  

5.10-4 ( 1+z) H 

w e  conclude t h a t  t h e  magnetic f i e l d  when the  d isc  i s  

A threefold increase in t he  f i e l d  

The pulsations will be suff ic ient ly  



rapid i f  t h e  Alfven speed y c ,  and t h i s  w i l l  be t r u e  i f  the  pa r t i c l e  

density of t he  azbi-nt gas does not exceed -1 per cc. 

The angular diameter of t hc  d isc  when t h e  magnetic f i e l d  has the  above 
z 

value I s  4 9 5  - 3.10-3 (I+%)* seconds lo. 

i n  t h e  steady s t a t e  c o ~ o l o g y ,  

It follows that r -22.5 - 8 pc 
( 1+d 

( I n  the Einstein-de S i t t e r  nodel t h i s  value 

K i s t  be decreased by a f?c tor  - 2 i f  z cy 1). 

f i e l d  over the whole s h e l l  as 

of self-absorption below 500 Mc/s t h a t ,  i n  the  steady s t a t e  model, 

R e 2 2 5  - 8 pc. 
t h a t  t h e  disc points towards us  is then about - , which is reasonable 

i n  view of t h e  l i k e l y  number of quasi-stellar objects as bright as CTA 102 

at 1’78 Mc/s. 

Estimatir,g the average magnetic 
r (l+z) gauss, w e  deduce from t h e  occurence 

Z 
The probabili ty that  the she l l  should be oriented so 

i l+z) 1 

300 

Our estimate of R also enables the  parameter yZ t o  be 

cktermined, f o r  since the d i sc  must not deviate from the  tangent plane a t  C 

by more than 

R 5 2500 Z ~ / T  

CY u.ij(i+zj pc, it foiiars from tne  geometq- that 
4 and so 7 -hllz(l+z)*-.  

If z - 1 the dimensions are: R-160 pc, r - 16 pc, and 

7 - 15. The l i fe t ime of t h e  electrons is 50 - 100 years i n  the fluctuating 

region, and ra ther  longer i n  the  r e s t  of the source. The t o t a l  energy of 

t h e  source is a t  least - 1057 ergs, of which .- los4 ergs is i n  the  disc. 

Our model makes the following predictions: 

(i) The amplitude of the  var ia t ions depends on t h e  frequency l? of 

observation..as follows : 

- 0  0 < 3 <TOO, 
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where 9 i s  i n  megacycles. Thus t h e  observations of Caswell and W i l l s  11 , 
who found no var ia t ions a t  178 Mc/s, a re  not necessarily inconsistent with 

Sholomitskycs observations. 

( i i )  

say, (t < 50),  and then r d n s  constant f o r  a time (100-2t) days ( t h a t  is, 

while t h e  disc is opaque t o  frequencies between 

The rise-time t ( 9 ) 

f ig .  3. 

( i i i )  The times a t  which the  in t ens i ty  is a minimum should bethe 

a l l  frequencies 9 > 300 Mc/s, unless there  i s  appreciable dispersion. 

For 300 < 9 <l,OOO t he  in t ens i ty  reaches a m a x i m  i n  a time t ( 3 ) days, 

3 and 1,OOO Mc/s). 

i s  an increasing function of 9 , as i l l u s t r a t e d  i n  

same a t  

However, as regards ( i i i )  , even i f  there  i s  negl igible  dispersion i n  

t h e  source, there m a y  be appreciable dispersion produced by ionised 

in t e rga lac t i c  gas I*. 

as l a r g e  as 2 hours. 

A t  400 Mc/s, f o r  instance, the resul t ing delay may be 

A t  t h i s  frequency our model pred ic t s  an increase i n  

flux of over one percent i n  about 10 days following minimum, so t h a t  an 

i n t e r g a i a c t i c  delay might be detectable.  

on the  main var ia t ion,  an addi t ional  s m a l l  amplitude var ia t ion of much shorter 

time-scale than 50 days, whichmight then be detectable  when t h e  main var ia t ion 

i s  a t  a minimum. It would therefore appear t o  be worthwhile t o  develop t h e  

sophis t icated techniques necessary t o  detect  the  possible dispersion, and SO 

Moreover there  may be, superposed 

to test t h e  hypothesis t h a t  there  is  a s ignif icant  ionised gas i n  in te rga lac t ic  

space, and perhaps even t o  determine t h e  scale-factor of the  universe i f  other 

radio var lables  are discovered . 12 

W e  are grateful t o  Professors F.T. Haddock, A. Sandage, and M. Schmidt 

for he lpfu l  discussions. 
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This work was begun while one of us (D.W.S.) was 
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