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ABSTRACT. The distribution of the spectral index
and radio lobes’ isophots were derived by numerical
methods in the diffusion model of extragalactic radio
sources. The kinetic equation for the distribution fun-
ction of relativistic electrons is considered. Regions of
electron injection, associated with hot spots, are con-
sidered as moving. Velocities of hot spots and the dif-
fusion velocity of electrons determined the correlation
of transverse and longitudinal lobes’ sizes. Observed
changes of lobes at various frequencies accord with the
diffusion model. The reabsorption in the lobes leads
to the asymmetry of them, depending on source’s ro-
tation relatively to the line of sight.
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1. Introduction

Spatial structures of extragalactic radio sources
(ERS) have been detected due to their numerous ob-
servations. Images of ERS (Leahy, Bridle, and Strom,
1995) demonstrate four basic morphological compo-
nents: core, jets, hot spots and lobes. The physi-
cal model explaining these four morphological struc-
tures is known as the jet model (Begelman, Bland-
ford, and Rees, 1984). The radio core corresponds to
the AGN. Jets extend from the core and end at hot
spots. Energy from the AGN is transported by jets
to the radio-emitting lobes and at hot spots jets con-
vert some of their kinetic energy into relativistic par-
ticles, and magnetic fields. We assume that the hot
spots are sources of relativistic electrons (accelerated
by shock waves). Electrons propagate due to the diffu-
sion, lose the energy because of the synchrotron emis-
sion, and form the lobes. We introduce the motion of
the injection regions which naturally explains the lobes
size asymmetry and the displacement of the hot spots
with respect to the center of the lobes (Valtaoja, 1982,
Gestrin, Kontorovich and Kochanov, 1987).

2. The diffusion model with moving sources

of relativistic electrons

The distribution function N for the relativistic elec-
trons satisfies to the kinetic equation with moving so-
urce:

∂N

∂t
−

∂

∂E

(

βE2N
)

− D0

(

E

ED

)µ

∆N = (1)

= Qδ
(

x−x0 (t)
)

δ
(

y
)

δ
(

z
)

E−γ0Θ
(

t
)

Θ
(

E2−E
)

Θ
(

E−E1

)

The second term ∂
∂E

(

βE2N
)

describes the synchrotron
and Compton losses:
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where ωH + ωr is the energy density of the random
magnetic field and the radiation.

To simplify the model, disregard the possible coor-
dinate dependence of the diffusion coefficient D, and
the magnetic field H, the power-law dependence on the
energy is taken for the diffusion coefficient:

D = D0
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)µ

.

The right side in the kinetic equation (1) corresponds
to the point source (x0 (t) , 0, 0) of relativistic electrons
(the hot spot) moving along the x-axis; the injection
spectrum is taken as the power-law dependence on the
energy E−γ0 in the range E1 < E < E2 and zero
outside it.

To derive the distribution function, apply the La-
place transformation with respect to time to the kinetic
equation (1):

N∗ (E,~r, p) =

+∞
∫

0

exp (−pt) N (E,~r, t)dt.

Then this equation for N ∗ (E,~r, p) can be reduced
to the diffusion equation. The expression for the
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N∗ (E,~r, p) is used with the Melline transformation to
derive the distribution function N (E,~r, t) for x0 = vt
(GKK 87):
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In this expression for the distribution function, λ2 =
D0Eµ−1

(1−µ)Eµ

D
β

is the square of the diffusion length (Bere-

zinskiy, Bulanov, Ginzburg, et al., 1984).
The radio spectrum for electrons is found from

the formulas for the synchrotron emission (Ginzburg,
1987):

I (ν) =
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dsdEN (E, t, ~r) p (E, ν) , (3)

where the integration corresponds to the integration
along the line of sight, s0 is the observation point. And
p (E, ν) is the synchrotron radiation flux density from
single electron. With the accuracy sufficient for compa-
rison with observations the synchrotron radiation flux
density can be put (σT is the Thomson cross section):
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In the case when the reabsorbtion is considered, we
have the radio spectrum of the lobe ( with N ∗ (E,~r, p)
from (2)):
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where µ is the reabsorbtion factor. The common
expression for µ (Ginzburg and Syrovatskii, 1964, Zhe-
leznyakov, 1997):
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c2
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∫
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3. Numerical calculatons’ results and conclu-

sion

As it has been shown in (GKK 87) the dependence
of the radio flux on the distance to the hot spot (trans-
verse to the motion direction) of the source 3C 196 is
close to theoretical one from the diffusion model.

We see from expressions for the distribution function
(2) and the radio spectrum (3) that the external shape
of radio lobes is determined by the relation between the
electron diffusion velocity vdiff = D0

λ
and the velocity

v⊥ of the source in the mapping plane (the longitudinal
component vanishes on the integration along the line
of sight), both of these are appearing in the expression
for the distribution function.

Figure 1: Radio sources’ isophots produced by the dif-
fusion of relativistic electrons for various correlations of
hot spots’ velocities in the mapping plane and the elec-
tron diffusion velocities: v⊥/vdiff = 1, 4, 8. γ0 = 2.

Figure 2: The distribution of the spectral index for
γ0 = 2 and v⊥ = 8vdiff .

For v⊥ � vdiff , one has approximately a sphere
with diameter l ≈ 4λ and the hot spot near the cen-
ter, while for v⊥ ≥ vdiff , the lobe is an ellipsoid with

the major axis L ≈
(

v⊥

D0

)

λ2 + 4λ and the minor axis

l ≈ 4λ, while the hot spot is near the outer edge. For
v⊥ � vdiff , the lobe has a broad tail and a rela-
tively narrow head, in which the hot spot lies. The



92 Odessa Astronomical Publications, vol. 12 (1999)

Figure 3: Radio source isophotes derived at
three frequencies: 150 Mhz, 450 Mhz, 900 Mhz.
γ0 = 2 , v⊥/vdiff = 8.

Figure 4: Isophots of the rotated at 10 degrees ra-
dio source (the left lobe is closer to the observa-
tion point). The reabsorbtion is taken into account.
γ0 = 2 , v⊥/vdiff = 8.

external pressure (neglected in this model) will undo-
ubtedly alter lobe’s configuration, but the main cha-
racteristics should persist. Figure 1 shows examples of
radio sources for various correlations of v⊥ and vdiff

derived numerically. The distribution of the spectral
index (Carilli and Barthel, 1996) show that relativistic
particles lose energy the more faster the more energy
they have. Figure 2 shows the distribution of the spec-
tral index α (I (ν) ∝ ν−α) derived numericaly in the
diffusion model.

The longitudinal size L and transvers one l of the
lobe provide estimations for D(E) and v⊥:

v⊥ ≈ βE (L − l) ,
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where E is the electron energy corresponding to the
observation frequency ν = ν(E).

The increase of lobes’ size when the observation fre-
quency is reduced agrees with predictions of the model,
which shows that the transverse size varies as ν−1/4 for
D = constant. The variation of the L and l correlation
we explain by various correlations of v⊥ and vdiff at
various observation frequencies. As we see from expre-
sion for N (E,~r, t) and I (ν) only electrons with the
ehergy more than the energy corresponding to the ob-
servation frequency ν = ν(E) make contribution to the
radiation. Therefore, the square of the diffusion length
decreases and effective vdiff increases (figures 3).

Figure 4 show the example of the source (isophots)
derived with account for the reabsorbtion. This leads
to the asymmetry of radio lobes.

The diffusion model thus describes the situation
close to the observation data, the account for the reab-
sorbtion and simple incorporation of hot spot’s motion
relativly to the medium provides conclusions applicable
to the real extended extragalactic radio sources, where
the model can explain the major observed characteri-
tics.
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