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ABSTRACT. The r e l a t i v i s t i c d i s p e r s i o n r e l a t i o n d e s c r i b i n g the s p a t i a l 
growth of a h e l i c a l p e r t u r b a t i o n to a r e l a t i v i s t i c superson ic j e t i s 
a p p l i e d to o b s e r v a t i o n s of the n o n l i n e a r super luminal a c c e l e r a t i o n of 
component C4 along the inner j e t i n 3C345 . 

A HELICALLY TWISTED JET 

The rad io source 3C345 has a curved, i n n e r - j e t s t r u c t u r e . 
Component C4 appeared at a p o s i t i o n angle - - 135 deg and has e x h i b i t e d 
n o n l i n e a r motion and apparent a c c e l e r a t i o n from 3 - 4 to 12 ( H 0 = 55 
Rm/s/Mpc, q Q = 0 . 0 5 ) over a three year p e r i o d w i t h motion from 0 . 3 to 
0 . 8 mas s e p a r a t i o n from the c e n t r a l component a long a mean d i r e c t i o n < 
- 7 5 deg and expansion i n d i c a t i n g an opening angle o f - 27 deg. 
( B i r e t t a e t a l . 1983 - BCU ; Moore e t a l . 1983 - MRB; B i r e t t a e t a l . 
1986 - BMC ) . I t can be shown that (Hardee 1987) the f a s t e s t growing 
h e l i c a l wavelength along a c o n s t a n t l y expanding j e t in s t a t i c p r e s s u r e 
ba lance with an i so thermal e x t e r n a l medium can be w r i t t e n in the form 

λ ( ζ ) = X i ( R / R ! ) c , ( 1 ) 

where = λ ( ζ ^ ) , R-̂  = R(z^) and 1 < c < 1 . 5 w i th the lower l i m i t s e t 
by i so thermal j e t expansion and the upper l i m i t s e t by a d i a b a t i c 
expansion of a l i g h t j e t , i . e . , γ /η << 1 where η Ξ n j / n e x , and that 
f o l l o w i n g rapid i n i t i a l growth i n ampli tude t h a t the ampl i tude A - aR. 
Figure 1 shows the p o s i t i o n s of C4 from 1981 to 1 9 8 4 , and an i so thermal 
and a d i a b a t i c h e l i c a l t r a j e c t o r y with wavelength vary ing according to 
equat ion ( 1 ) and h e l i c a l amplitude A = aR. The a x i s of the 
t r a j e c t o r i e s i s at an angle of 2 deg wi th re spec t to the l i n e of s i g h t . 
At z^ = 10^-9 c m ( 0 . 0 1 4 3 mas p r o j e c t e d on the plane of the sky) R^ = 
1 . 0 4 χ 1 0 l 7 c m and the i n t r i n s i c opening ang le i s - 0 . 6 deg, 1 . 6 χ 
1 0 2 0 c m > λχ > 2 . 5 χ l O ^ c m , 1 2 · 3 > Μ χ > 1 . 9 , 3 . 8 > a > 3 . 2 , and the 
upper and lower l i m i t s are g iven by the i so thermal and a d i a b a t i c 
t r a j e c t o r i e s , r e s p e c t i v e l y . The most l i k e l y case i s i n i t i a l a d i a b a t i c 
expansion with η << 0 . 0 0 4 so that γ /η << 1 at z^ , and wi th j e t heat ing 
becoming important by 0 . 5 mas so that 1 . 7 < M < 12 between 0 . 0 1 and 0 . 8 
mas. C4 must be t r a v e l i n g wi th 3 0

 = 0 . 9 9 8 0 , and γ = 1 5 . 8 . A minimum 
apparent v e l o c i t y occurs at p o s i t i o n p * . Subsequent ly , we f ind an 
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apparent motion <3>^5 during 1981, fo l l owed by a c c e l e r a t i o n to <$> -
10 during 1982, and <$> 11.5 during 1983. Values o f the length o f 
time that a fea ture takes to reach a p o s i t i o n , o f the angle ε that the 
v e l o c i t y v e c t o r makes wi th the l i n e o f s i g h t , o f the angle θ that a 
shock normal would appear to make wi th r e spec t t o the l i n e o f s i g h t , o f 
the apparent v e l o c i t y , 3 , and o f the Doppler f a c t o r , δ = 1 / [ γ ( 1 - 3 0

c o s 

ε ) ] , are g iven in Table I . 
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Figure 1 - P o s i t i o n s ( e r r o r boxes ) o f component C4 observed by BCU, 
MRB, and BMC, and the a d i a b a t i c (dashed l i n e ) , and isothermal ( s o l i d 
l i n e ) t r a j e c t o r i e s around the h e l i c a l ax i s (dashed and dot ted l i n e ) . 
The j e t ' s apparent c r o s s s e c t i o n i s i n d i c a t e d by the bars pe rpend icu la r 
to the h e l i c a l a x i s . 

Table I 
T imesca le , o r i e n t a t i o n s , apparent speed and Doppler f a c t o r along the 
(a ) I so the rmal T ra j ec to ry (λ α R) ; ( b ) A d i a b a t i c T ra j ec to ry (λ α r1«5) 
a : t ( y r ) ε ° θ° 3 δ b : t ( y r ) ε ° θ° 3 δ 

Pi 0 .25 2.08 59 .9 13 .7 23 .7 0.25 5 .13 109.4 14 .9 10 . 5 
p2 0 .50 1.36 41 .1 10 .5 22.7 0 .50 3.95 95 .1 15 .7 14. 5 
P3 1.08 0.59 18 .4 5 .1 30.8 1.00 0 .92 28 .5 7 .7 29 . 7 

P* 1.25 0.56 17.6 4 .8 30.9 1.29 0.40 12 .7 3 .4 31 . 2 
p4 1.62 0.69 21.7 5 .7 30.5 1.60 0 .73 22.8 6 .0 30. 4 
P5 2.03 0.91 28.1 7 .3 29 .7 2 .00 1.06 32.7 8 .3 29 . 1 
p6 2.86 1.21 36.8 9 .3 28.5 2 .63 1.35 40 .9 10 .3 27. 7 
p7 3.15 1.38 41 .8 10 .4 27.6 3.04 1.47 44 .2 10 .9 27. 1 
p8 4.24 1.69 50 .0 12 .0 26 .0 4 .14 1.66 49 .3 11 .9 26 . 1 
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