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Numerical simulations of supersonic jets are able to explain the struc-
tures observed in many VLA images of radio sources. The improvements 
achieved in classical simulations (see Hardee, these proceedings) are in con-
trast with the almost complete lack of relativistic simulations the reason 
being that numerical difficulties arise from the highly relativistic flows typi-
cal of extragalactic jets. For our study, we have developed a two-dimensional 
code which is based on (i) an explicit conservative differencing of the special 
relativistic hydrodynamics (SRH) equations and (ii) the use of an approx-
imate Riemann solver (see Marti et ai 1995a,b and references therein). 

The SRH equations have been solved in normalized form by setting the 

light speed c, the beam radius i?b> and the rest-mass density of the exter-

nal medium pem equal to unity. The flow is then completely characterized 

by five dimensionless parameters: the beam to external medium rest-mass 

density ratio, η = j ^ , the pressure ratio, Κ = ^ - , the beam velocity, V b , 

the beam Mach number, Mb = ^ and the adiabatic exponent, 7 . In our 

study these parameters take the following values: η — 0.01,0.1,1, Κ — 1, 

vb = 0.9,0.99,0.999, Mb = M m m , 6 . 0 and 7 = 4 / 3 , 5 / 3 . Models with Mb 

near the minimum value, Mmin = vb/y/~f — 1, have large internal energies 

compared with their rest-mass energy. They are called hot models, while 

highly supersonic jets are referred to as cold models. 

In all our simulations the jets show the gross morphological features al-
ready found in non-relativistic calculations (see, e.g., Norman et ai 1982). 
We find important differences between hot and cold relativistic jets. In hot 
models the Mach shock at the jet head is permanently present during the 
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whole simulation. They show naked beams surrounded by lobes instead 

of cocoons. In hot jets the backflow appearing at the working surface is 

minimized or, as vt, increases, even non-existing. In addition, they almost 

completely lack internal structure, because of the pressure equilibrium be-

tween the beam and its surroundings. Therefore, the beam/cocoon interface 

of hot jets is very stable against the growth of pinch instabilities that would 

evolve into internal shocks. In cold models the Mach configuration is tem-

porarily substituted by a cross-shock during the evolution. These shocks are 

not as efficient as normal shocks in decelerating the beam flow allowing it to 

push the contact discontinuity and, eventually, the bow shock. This effect 

is more important for beams with a lower value of the adiabatic exponent. 

Backflow is more important in cold models, where stable cocoons can be 

found in the early stages of the evolution. These cocoons eventually evolve 

into vortices producing turbulent structures. In cold jets with 7 = 5 /3 the 

cocoon is mainly formed by large vortices while in models with 7 = 4/3 
the strong beam collimation causes a large acceleration of the jet. Thus, 

beam gas is less efficiently redirected into the cocoon, and thinner cocoons 

with smaller vortices form. Cold models present also a complex structure of 

internal shocks generated by pressure mismatches between the beam and 

the overpressured cocoon and by perturbations of the beam boundary by 

vortices and bulk motions within the cocoon. 

For sufficiently large beam flow speeds the estimated propagation ve-

locity of the jet head, obtained by equating the ram pressure of the beam 

and the external medium in the proper frame of the working surface (see 

Marti et al. 1994), approaches that of the beam itself. In classical dynamics 

this only occurs for so-called ballistic jets (i.e. η > 1). Similarly as for clas-

sical jets, we define the propagation efficiency δ as the ratio between the 

mean jet velocity and its corresponding estimate. Our results show (Marti 

et al. 1995b) that for a wide range of estimated jet propagation speeds 

(0.17c — 0.94c) the efficiencies span the interval 0.76 — 1.24, i.e. they are 

significantly larger than their corresponding Newtonian counterparts. We 

find that hot models have δ very close to one. Highly supersonic (i.e. cold) 

models with 7 = 4/3 have δ greater than one due to the acceleration phase 

while in models with 7 = 5/3 the efficiency increases with u& and 77, and 

tends to one for sufficiently dense, highly relativistic models. 
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