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What have I learned about j e t s s ince t h e Albuquerque meeting(IAL) 
Symposium No.97) l a s t summer? 

I . A pooer man's gu ide t o the a c c e l e r a t i o n of j e t s near a b lack hole 

There i s where most of t he g r a v i t a t i o n a l energy is re leased , the 
funne ls on t h e r o t a t i o n a x i s of the a c c r e t i o n t o r u s p rov ide the r i g h t 
s o r t of geometry, and r a d i a t i o n i s abundant. But t he exper ts (Sikora & 
Wilson 1981 and re fe rences t h e r e i n ) never can make r a d i a t i o n - d r i v e n j e t s 
w i t h Lorentz f a c t o r y » I . Why? I t is because, when an e l e c t r o n moves 
up through the funnel a t a s u b s t a n t i a l f r a c t i o n of t he speed of l i g h t c , 
i t sees as much r a d i a t i o n s t r i k i n g i t trom the f r o n t as from behind; 
a c c e l e r a t i o n then s tops . Large y a re a t t a i n a b l e on ly i f the source of 
r a d i a t i o n subtends an ang le < \/y behind the source. 

I f t he j e t has a large o p t i c a l depth ( i . e . i f i t s r a d i a t i v e 
v i s c o s i t y is low) we can regard i t as a f l u i d , and the above l i m i t does 
not a p p l y . But high opac i t y imp l ies h igh p a r t i c l e d e n s i t y , and hence, 
f o r g iven v e l o c i t y v , a large ou tpu t of k i n e t i c energy. In f a c t , s e t t i n g 
funnel rad ius - 3 SchwarzschiId r a d i i , we f i n d 

rMean f r e e path f o r photon i s rEdd ing ton luminos i t y i v , _ . , _m_ 
t Funnel r a d i u s ' * K.E. ou tpu t * c Y mu 

Thus high o p t i c a l depth toge ther w i t h v = c r e q u i r e s e i t h e r ( i ) p a r t i c l e 
mass m « hydrogen mass m,,. But ann ih i l a t i o n is t oo f a s t t o al low a 
p o s i t i o n - e l e c t r o n j e t , un less t he j e t i s ve ry ho t , and c y c l o t r o n r a d i a 
t i o n i s l i k e l y t o cool the j e t , or ( i i ) K.E. ou tpu t >> Eddington 
luminos i t y Lg. Is L^ a r e l e v a n t l i m i t ? I t h i n k i t i s , q u a l i t a t i v e l y 
a t any r a t e , i f ' r a d i a t i o n d r i v e n ' means t h a t t he r a d i a t i o n comes ou t of 
t he wa l l s of t h e funnel w i thou t dragging the w a l l s w i t h i t . 

Thus o ther mechanisms, such as the a c c r e t i o n of (mat ter + magnetic 
f l u x ) (see Throne & Blandford 1982) a re more favourab le f o r producing 
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extreme r e l a t i v i s t i c (ER) j e t s , w i t h y » I . Indeed, t he importance 
of the rad i a t i o n may l i e in I imi t i n g the y t h a t can be athd i ned! 

Here I want t o ment ion recen t work by Narayan, Nityananda and 
Wi i ta ( p r e p r i n t ) . They show t h a t the t a n g e n t i a l f o r c e of r a d i a t i o n on 
t he funnel w a l l s can be balanced by g r a v i t y on l y f o r l um inos i t i es < 92Ljr 
(where 29 is opening ang le of f u n n e l ) . I f t he r a d i a t i o n drag i s al lowed 
t o move t he funnel wa l l s upward and set up convec t ion in the a c c r e t i o n 
t o r u s , the f o r c e d im in ishes ( a b e r r a t i o n a g a i n ! ) and l u m i n o s i t i e s of 
several L^ are p o s s i b l e , but on l y toge the r w i t h a comparable ou tpu t of 
ki n e t i c energy. 

2 . What makes j e t s v i s i b l e ? 

Powerful r ad io g a l a x i e s ( F a n a r o f f - R i l e y Class I I ) t y p i c a l l y have 
two h o t - s p o t s , but t he beams which (accord ing t o convent iona l wisdom) 
feed these ho t -spo ts r a r e l y appear as v i s i b l e j e t s (6$; La ing , t h i s 
sess ion ) , and then only on one s i d e . Aper tu re syn thes is observat ions 
w i t h h igh dynamic range i n d i c a t e very s t r o n g l y t h a t t he one-s ided 
appearance i s not s o l e l y due t o r e l a t i v i s t i c beaming. Perhaps the 
e j e c t i o n process is i t s e l f one-s ided in some cases (Rudnick 1982; a lso 
Conway 1982 on 3C273), but where two f a i r l y compact ho t -spo ts e x i s t i t 
is hard t o avo id the conc lus ion t h a t two beams e x i s t , one of which 
occas iona l l y s u f f e r s a d isease t h a t makes i t v i s i b l e . We have one new 
and r e l e v a n t p iece of i n f o r m a t i o n : where a VLBI j e t and a l a rge -sca le 
j e t have been mapped in the same source, they po i n t not on ly a long the 
same a x i s but in t he same d i r e c t i o n . (Sometimes, as in 3C345, t he re is 
much c u r v a t u r e , but t h e l a rge - sca le j e t i s a c o n t i n u a t i o n of the VLBI 
j e t . ) Most of t he r e l e v a n t data are sca t te red through IAU Symposium 
No.97, and D r . Ekers has prov ided me w i t h some a d d i t i o n a l examples 
(marked E in t he l i s t be low) . 

VLBI and l a rge -sca le j e t on same s ide 

3CI20, 3C273, 3C345 (Super luminais) 
3 C I I I , 3C286, 3C380, CygA (E) 
M87, NGC3I5, NGC625I 

R e l a t i o n s h i p complex o r u n c e r t a i n 

3CI47 ( P r e u s s e t a t . 1982), 3C236 

Conc lus ions : 
( i ) I f we be l i eve t h a t l a rge -sca le j e t s a r e n o n - r e l a t i v i s t i c (NR), 

meaning v < 0 . I c , we a re fo rced t o conclude t h a t t h e i r "d i sease" 
o r i g i n a t e s a t t he scale of the VLBI j e t s , and t h a t t h e y , t o o , a re 
i n t r i n s i c a l l y o n e - s i d e d . Indeed, i t seems l i k e l y (though i t is not yet 
es tab l i shed q u a n t i t a t i v e l y ) t h a t t he VLBI j e t s cou ld not be ER, and 
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seme a l t e r n a t i v e exp lana t i on would have t o be found f o r super luminal 
mo t ion . For i f they were ER, we should f i n d sources in which the l a rge -
sca le j e t p o i n t s away from us and the VLBI j e t i s i n v i s i b l e because of 
r e l a t i v i s t i c beaming. Such a l a r g e - s c a l e j e t w i t h o u t a c e n t r a l compact 
source has never been found . 

( i i ) A midd le v iew i s s t i l l t e n a b l e , accord ing t o which large-sea Ie j e t s 
are mi Id ly r e l a t i v i s t i c (MR), meaning, say, v = 0 ,5±0.2c , and i n t r i n s i 
c a l l y one-s ided , wh i l e VLBI j e t s a re r e l a t i v i s t i e a I l y beamed. That i s 
enough t o p rov ide a s t rong s e l e c t i o n e f f e c t in favour of d i s cove r i ng 
la rge -sca le j e t s i f they p o i n t i n t o the hemisphere nearer t o E a r t h . 

3 . Can f a s t j e t s become slow beams? 

Begelman (1982) has shown t h a t , i f a j e t is t o remain s t e a d i l y 
luminous as i t slows down, i t must be rough ly sonic everywhere: see 
a l so Kahn (1982) . Here I am concerned w i t h the ques t ion whether a j e t 
can slow w i t hou t los ing near ly a l l of i t s k i n e t i c energy, so t h a t i t 
can s t i l l form a ho t - spo t a t i t s end. To preserve 1/2 mv2 as v e l o c i t y 
v decreases requ i res increas ing mass m. However, mere ent ra inment of 
mass t u rn s K.E. i n to heat; r e - conve rs ion i n t o K.E. r equ i r es more 
momentum, which can on ly be supp l ied i f t he j e t is con f ined by g radua l l y 
d i ve rg i ng w a l l s t h a t e x e r t a net forward f o r c e . App ly ing on l y Newton's 
second law and the c o n d i t i o n A(K.E. ) >_ 0 one f i n d s 

Ay _ J _ AP 
v — ~ TM2 P 

where P = p ressure , M = Mach number and r = C p / C v . Thus the v e l o c i t y 
v a r i e s as a power < 1/rM2 of the pressure and, though the pressure 
probably f a l Is by many o rde rs of magnitude between 10 pc and 100 kpc, 
the v e l o c i t y fa I Is very l i t t l e except where the Mach number i s 
reasonably s m a l l , and the j e t t h e r e f o r e r e q u i r e s a s u b s t a n t i a l c o n f i n i n g 
p ressure . (The c a l c u l a t i o n is n o n - r e l a t i v i s t i c so f a r , but so long as 
(•y—l ) Z I much of the energy i s k i n e t i c energy by d e f i n i t i o n , so no 
d i f f i c u l t y a r i s e s . ) 
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