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The purpose of t h i s rev iew is t o o u t l i n e the systemat ic p r o p e r t i e s 
of r ad i o j e t s on kpc sca les , as der ived from the basic observa t ions of 
sur face br ightness and l i n e a r p o l a r i z a t i o n and t o emphasize the u n c e r t a i n 
t i e s in the de te rm ina t i on of t h e i r phys ica l parameters. These r e s u l t s 
come p r i m a r i l y from observa t ions of about 100 j e t s w i t h the VLA: a f u l l e r 
account is g iven by B r i d l e (1982) and t he proceedings of IAU Symposium 
97 con ta in many i l l u s t r a t i o n s and re fe rences , which must be omi t ted here. 

I take a " j e t " t o be a f e a t u r e in the rad io b r igh tness d i s t r i b u t i o n 
which i s a t leas t f ou r t imes as long as i t is wide, which can be c l e a r l y 
separated ( s p a t i a l l y or by b r i gh tness c o n t r a s t ) from the r e s t of t he 
source and p o i n t s away from a r ad i o c o r e . Wilson (1982) has considered 
j e t s in s p i r a l g a l a x i e s and 1 s h a l l d iscuss on ly the more luminous j e t s 
found in e l l i p t i c a l r a d i o g a l a x i e s and quasars. 

There are two c lasses of source in which j e t s are f r e q u e n t l y 
de tec ted : l ow- lum inos i t y r a d i o ga lax i es (p - | 0 2 2 - 5 x | 0 2 4 W Hz - 1 a t 
1400 MHz, w i t h H = I 00 km s " 1 Mpc - 1 ) and extended quasars. Between 50 
and 80? of the former t ype show prominent j e t s , which emit between 5 and 
50? of t h e i r t o t a l f l u x . S i m i l a r percentages are found f o r the 3CR 
quasars, but j e t s are f a r less common in luminous g a l a x i e s (P > 1026W H z - 1 ) . 
Th i s i s not t o say t h a t j e t s do not occur in powerful r ad i o g a l a x i e s , but 
merely t h a t they are very much weaker than the ou te r lobes . 

Synchrotron r a d i a t i o n from j e t s is u s u a l l y h i g h l y po la r i zed ( 1 0 - 6 0 ? ) 
and muI t i f requency p o l a r i m e t r y a I lows us t o determine the p ro jec ted 
magnetic f i e l d d i s t r i b u t i o n . As a f i r s t approx imat ion , we can d i s t i n g u i s h 
two c l asses , accord ing t o the f i e l d d i r e c t i o n on t h e j e t a x i s : l o n g i t u d i 
nal (B^) and t ransverse ( B t ) . The f i e l d c o n f i g u r a t i o n may change along 
the j e t , f rom being l o n g i t u d i n a l c l ose t o the nucleus t o t ransverse 
f u r t h e r o u t . The f r a c t i o n of a j e t over which the f i e l d is l o n g i t u d i n a l 
i s h igh l y c o r r e l a t e d w i t h the l um inos i t y of t he c o r e , being < 20? f o r 
p co re - 1 0 w H z a t 6 c m ' a n d l 0 0 ^ f o r P co re > ' ° w H z i n m o s + 
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cases. Some je t s have B^ a t the centre and Bt at the edges (e .g . NGC 625 
Bridle 1982). There are exceptions to the evolution from B̂  to B t , an 
example being M87 (Owen, Biret ta & Hardee, in preparat ion), where the 
f i e l d is longitudinal in the inner regions, f l i pp ing to transverse at 
what appears to be a shock in the br ightest knot and then becoming 
longitudinal again. The qua l i t a t i ve p ic ture is that several processes 
act to determine the f i e l d pat tern: a ve loc i ty gradient across the j e t 
(leading to B^) and lateral expansion or longitudinal compression (e .g. 
due to deceleration or shocks), producing B t . 

Some low-luminosity sources (e .g . 1321+321; Ekers 1982) have two-
sided j e t s with remarkably symmetrical brightness d i s t r i bu t i ons . At the 
other extreme, some j e t s are very asymmetric, with je t -counte je t ra t ios 
in excess of 50 :1 . There is a clear separation between B̂  and Bt -
dominated regions, as fo l lows: The B^ j e t s cover a large range of side-
to-s ide intensi ty ra t ios (usually > 4 :1 ) . Some of these have detected 
opt ical and X-ray emission. The B- j e t s are usually f a i r l y symmetrical 
with intensi ty ra t ios t y p i c a l l y < 4 : I . The Bt j e t s in low luminosity 
galaxies have B̂  bases, which are usual ly, but not always, one-sided. 

For several well resolved Bt j e t s the var ia t ions of transverse 
width, R, with distance from the nucleus, z, have been measured (Bridle 
1982 and references the re in ) . For example, the brighter j e t in NGC 315 
expands with dR/dz = 0.1 within 3.5 kpc of the nucleus, f la res with 
dR/dz = 0.3 at z = 5 kpc, re-col I imates (dR/dz = 0) at z = 45 kpc and 
re-expands with dR/dz = 0.1 for z > 100 kpc. Other sources show qua l i 
t a t i v e l y the same behaviour, but with d i f f e ren t scale heights, and often 
without the re-expansion stage. The low-luminosity j e t s cannot be 
expanding f ree ly over the whole of t he i r lengths, as t h i s would require 
the i r opening angles to be constant. Re-col Iimation in two-sided j e t s 
occurs at s imi lar distances on ei ther side of the nucleus, so some 
global property determines the scale; the pressures needed to confine 
these regions are consistant with those inferred from the X-ray emission 
of hot gas around radio galaxies. In contrast , t h i s pattern is not seen 
in the M87 j e t (which expands rather suddenly at the br ightest knot) . 
None of the quasar j e t s are s u f f i c i e n t l y resolved to determine the i r 
col I imation propert ies. I t is un l ike ly that these j e t s can be confined 
by thermal pressure. 

Surface-brightness rarely decreases with radius as rapidly as would 
be expected for a steady, constant -ve loc i ty , f lux-conserving f low with 
no pa r t i c l e accelerat ion or other disturbance, for which Tg <* R-2*6 in 
the Bt-dominated region. The observed re la t ions t yp i ca l l y are in the 
range TB = R - 0 , 7 to R - 1 , 4 . Taken with the very short synchrotron l i f e 
times for electrons radiat ing a t opt ica l and X-ray wavelengths, t h i s 
provides strong evidence for some combination of deceleration (e.g. by 
entrainment), f i e l d ampl i f i ca t ion and accelerat ion of r e l a t i v i s t i c 
par t i c les wi th in radio j e t s . 

The physical parameters of the j e t material are in general poorly 
determined: a secure lower I imit to the pressure is given by the minimum 
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va lue f o r r e l a t i v i s t i c p a r t i c l e s and magnetic f i e l d s a lone , but the 
magnetic f i e l d i s assumed t o have i t s e q u i p a r t i t i o n v a l u e , an assumption 
which may be s u b s t a n t i a l l y in e r r o r . I t has g e n e r a l l y been assumed t h a t 
d e n s i t i e s of thermal e l e c t r o n s can be der ived from observa t ions of 
Faraday r o t a t i o n and d e p o l a r i z a t i o n . There are t h ree ser ious problems 
w i th t h i s procedure. F i r s t l y , t h e r e i s evidence f o r magnetic f i e l d s 
ordered on kpc scales and assoc ia ted w i t h gas in rad io g a l a x i e s , but in 
f r o n t of r a the r than w i t h i n the r a d i o - e m i t t i n g r e g i o n s . (Per ley , B r i d l e 
& W i l l i s , in p r e p a r a t i o n ; Laing & B r i d l e , in p r e p a r a t i o n ) . Th is produces 
v a r i a t i o n s of r o t a t i o n measure across the sources. Secondly, coo l , dense 
gas appears t o surround a t leas t some rad io lobes and, as van Breugel 
(1982) p o i n t s o u t , produces d e p o l a r i z a t i o n a t r a d i o wavelengths. In the 
pas t , i t has been assumed t h a t these e f f e c t s a re due t o thermal mat ter 
w i t h i n the rad io sources, whose d e n s i t y has t h e r e f o r e been ove res t ima ted . 
T h i r d l y , t he i n t e r n a l d e n s i t y requ i red t o produce a g iven d e p o l a r i z a t i o n 
depends on the spectrum of sca le s i zes of the magnetic f i e l d , which i s 
unknown, as wel l as on t he d e n s i t y . I conclude t h a t t h e r e a re no r e l i a b l e 
measurements of i n te rna l d e n s i t i e s f o r j e t s . In t u r n , t h i s means t h a t 
most of the methods f o r e s t i m a t i n g j e t v e l o c i t i e s which r e q u i r e knowledge 
of the d e n s i t y , a re very much less accura te than has p r e v i o u s l y been 
though t . 

I conclude t h a t the occurrence and sys temat ics of l a rge - sca le r a d i o 
j e t s are now becoming c l e a r , but t h a t the e s t i m a t i o n of t h e i r phys ica l 
parameters i s s t i l l ext remely d i f f i c u l t . 
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