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Objects of different scale and nature in the universe: from young and 
very old stars to active galactic nuclei  show existence of collimated 

outbursts - jets. 

Geometrical sizes of jets lay between parsecs and megaparsecs.

The origin of jets is not well understood and only several
mechanisms are proposed. 

Theory of jets should answer to the questions
1. of the origin of relativistic particles in outbursts from AGN, where 

synchrotron emission is observed. 
2. Relativistic particles, ejected from the central machine rapidly loose 

their energy so the problem arises of 
particle acceleration inside the jet.



Microquasar 
GRS 1915+105

Jet ejection

MERLIN 5GHz

Fender (1999)



X-ray image of

microquasar
XTE J1550-564(center)

with two jets.

0.3-7 keV 

11 March 2002

Chandra
Kaaret et al. (2002)



X ray image of 
microquasar 

XTE J1550-564 
(left) and western 
jet. Upper panel 

is from 11 March 
2002. Lower 

panel is from  19 
June 2002. 

Chandra, 0.3-7 
keV Kaaret et al. 

(2002)



Jet in M 87:

Radio: 6 cm (up), 

Optical: V-band (middle), 
Chandra: 

X-ray 0.1-10 keV (down)

Wilson , Yang (2001)
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HST
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M 87 jet: Chandra image, Harris et al. (2003)



MERLIN map of  3C 273 at 408 MHz  resolution: 1.0 arcsec



3C 273

Left: 

MERLIN, 1.647 GHz. 

Middle:

HST(F622W), 6170A. 

Right:

Chandra,  0.1 “

Marshall et al. (2000)



Jet in 3C 273  
Chandra 

observations

Samburina et 
al. (2001)

10” is about 

22 kpc

Long 
exposition.



Jet  in  
radiogalaxy 

IC 4296 at  20 
cm with 3.2” 
resolution.

10” is about 2 
kps.

VLA,  Killeen et 
al. (1986)

Total extent is 
about 

400 kpc



W.A.Hiltner
ApJ, 1959



Jet in M87:
radio, 14GHz, VLA,  0.2”

HST (F814W) 

Chandra image, 0.2”,

0.2-8 keV

Adaptively smoothed

Chandra image

Marshall et al. (2001)



It is convenient sometimes to investigate jets in a simple model of infinitely long 
circular cylinder (Chandrasekhar and Fermi, 1953). Magnetic fields in collimated 
jets is determining its direction, and axial current is stabilizing its elongated form at 
large distances from the source (AGN). When observed with high angular resolution 
these jets show structure with bright knots separated by relatively dark regions.
High percentages of polarization, sometimes more then 50% in some objects,
indicates the nonthermal nature of the radiation which is well explained as

the synchrotron radiation of the relativistic electrons in a weak but ordered 
magnetic field.
It was assumed by Bisnovatyi-Kogan, Komberg, Fridman  (1969); that jets are formed 
by a sequence of outbursts from the nucleus with considerable charge separation at the 
moment of the outburst. The direction of motion the outburst is determined by the 
large-scale magnetic field. The outburst are accompanied by an intense
electromagnetic disturbance which propagates outward moving with the jet material in 
the direction of the large scale magnetic field. It was suggested also that a toroidal 
magnetic field, generated during the outbursts is important for the lateral confinement 
of of the jet. 



Long-periodic proper oscillations in the plasma cylinder with a finite radius, and 
emission of electromagnetic waves had been studied by Bisnovatyi-Kogan and 
Lovelace (1995). Enhanced oscillations in such cylinder have been studied by 
Bisnovatyi-Kogan (2004). 

Cylinder with oscillating current



Magnetic and electrical fields around the infinite cylinder with the radius
r_0, and low-frequency sinusoidal electrical current along the cylinder axis.
In the near zone electrical and magnetic fields are varying in antiphase,
and far from the cylinder the expanding cylindrical electromagnetic wave is formed, 
with E_z=-B_phi



In the cylinder the only nonzero components are

To find the electromagnetic field around the cylinder with 
oscillating cullent it is necessary solve one equation

The solution is obtained analytically for long waves, 
λ>R (radius of the cylinder), Bisnovatyi-Kogan (2004).
1. Vacuum solution for the expanding wave (outer 

boundary condition.
2. Solution inside the cylinder.
3. Matching of solutions in absence of surface currents

and electrical charges.



The solution for long-wave oscilaltions is

Here the total current through the cylinder is taken as

with =0.



In  the near zone (in antiphase):

In the wave zone (in phase):

Electromagnetic energy flux F from the cylinder withlength l,
and radius r (Poynting flux):



Generation of strong electromagnetic wave by proper
oscillations in a separate blob, Bisnovatyi-Kogan and Lovelace (1995).

Linear non-potential oscillations had been investigated, heavy 
ions, charge separation, long waves, low frequency branch. 



Conclusions

1. Nonpotential oscillations induced by initial charge separation 
in the expelling blob, produce a strong electromagnetic wave 
carring large energy flux and accelerating particles up to very 

high energies, far from the nucleus.

2. Similarity of the acceleration mechanisms of the particles in the 
pulsars and relativistic jets could be a reason of the similarity of 

the high energy radiation around 100 Mev, which had been observed 
by EGRET in number of radiopulsars, quasars and AGN.
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	the synchrotron radiation of the relativistic electrons in a weak but ordered magnetic field.

