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Abstract. In this work we explain the integrated spectrum measure-
ments (Braude et.al.,1978-1995) in terms of the synchrotron theory and
the the recent measurements of radio fine structure in different classes of
sources (Carilli et.al.,1991). This provides a new method of investigating
extragalactic radio sources

The injection site of synchrotron radiating electrons is related to the location
of the jet's instabilities. The electrons are frozen into the magnetic field. Thus,
the source is steadily filled with filaments of electrons, without mixing, and the
properties of the radio source as a function of separation from the injection site
as r (t) ex GT{1, are dependent on the age t = T'i«. The magnetic field strength
inside the filaments decreases rapidly due to adiabatic expansion and emission
of a microwave radiation into external space also decreases. The magnetic field
strength may stabilize to value Ho for ~R II sources, while in FR I it may
continue to decrease: H(T) = Hoh(T), h(T) = T1/J(l + T{/T). The parameter
'l/J is determined by the injection conditions and field expansion process, 1 < T <
Ta, ta = Tato is the age of the source, T{ is the parameter of the growth of the
magnetic field strength at the point of injection from the value of H o(1 + T~).

At the site of injection the electrons have an isotropic power law spectrum:
N(E) ex KoE-"(. The synchrotron energy losses render the pitch angle distri-
bution anisotropic and the synchrotron intensity spectrum at any later time T
will change its slope at a frequency lIB(T}.

T
lI(T) = lIB(T)/lIBO = h(T)(J h2(T)dT)-2, lIBO = 1011 /(HO~kGtoLyr).

1
Note that this frequency depends only with magnetic field evolution curve

h(T), and not on the expansion mechanism of the particles K(T) (K ex T- 8) .

The 'optical thin' of the integrated spectrum will not change for any syn-
chrotron loss model (KP,JP) (Carilli et.al.,1991). It will be modified approxi-
mately with the inhomogeneity parameters of the source as

Tb(V)

F(v) ~ Const v(1-'Y)/2 / h(T)(1+'Y)/2dT3/3 ,

1

where Tb(lI) is given by II = lIB{Tb). The integrated spectral index is depen-
dent on the frequency range, the inhomogeneity parameters (T-E' (3, ~, 'l/J) and
the boundary parameters (Emin , Ta ).
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At the frequencies v > VI ~ vBo/T! we have Q ~ ,/2. At much lower
frequencies the index becomes a ~ (, - 1)/2 +3{3/2- 8/2. The actual variation
of the spectral index will be determined by ithe given input parameters. In the
range of v < Va ~ vB(Ta ) , we may have a new break of the integrated spectrum
to Q(v<va ) = (, - 1)/2, and the spectrum conserves this value till V[MHz] >
Vc(Emin) = 10-5 EminfMeV]H[mkG] or till any any other process absorbs the
radiation.

The parameters {3 and 8 define the time dependences of the source proper-
ties: the total number of electrons, N(T) ex T 3{3 - tS - l ; the density, n(T) ex T- tS

and the velocity v(T) ex T{3-I. Using the adiabatic expansion coefficient al

(Kaiser & Alexander,1997)and the exponent of external density gradient {3*
as per King's model, (density) ex (distance)-{3·, we get: {3 = 3/(5 - {3*);
8 = 9/(5 - {3*) - 4Ql/3.

Sources with slow spectral inhomogeneity (0 < {3* < 2, {3 < 1) may be
classified as FRII type, and the sources with fast spectrum inhomogeneity ({3* >
2, {3 > 1) may be classified as FRI type. The parameters 'l/J and T~ are connected
with magnetic field inhomogeneity.

Alternative reasons on spectrum index variations: A maser amplification
process may operate in the vicinity of the energy cut-off. Although no efficient,
it may increase the spectrum at those frequencies by 1-2 orders of magnitude
(Kochanov, 1991). A shocked gaseous medium may also influence the spectrum.
This matter may have a much steeper energy distribution index , >> 2 com-
pared to the index of the cocoon plasma. So, in sources with much turbulence
(FR I type), shocked gas may constitute bulk of the source material, and the new
"source" will contribute to the integrated spectrum at low frequencies (Tsvyk,
1998).
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