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ABSTRACT. In the framework of the cosmological 
model CDM the features of properties of giant radio 
sources with steep low-frequency spectra of linear (S) and 
break (C+) types are examined. Our estimates of charac-
teristic age of galaxies and quasars with steep spectrum 
from the UTR-2 catalogue have values 107-108 years. We 
consider that steep radio spectra may be formed at the 
transient injection by synchrotron losses of relativistic 
electrons. Earlier we have determined two evolution 
branches in relation of the characteristic age and ratio of 
emission of torus and accretion disk crown for sources 
with steep spectra S and C+. To further examination of 
evolution features of giant sources with steep spectra we 
consider ratio of emission of radio lobes and accretion 
disk (and disk crown) versus velocity of jet propagation 
and characteristic age of these objects. Analysis of ob-
tained relations testifies to periodical activity of giant low-
frequency steep spectrum radio sources. 
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1. Introduction 
 
Non-thermal spectra of extragalactic sources have a 

number of features at the low-frequency band. Near 30 per 
cent of objects from the UTR-2 catalogue of extragalactic 
sources have steep radio spectra (the value of spectral 
index is greater 1) (Braude et al, 1981, 2003). To consecu-
tive study of identified sources with low-frequency steep 
radio spectra we use corresponding data  
(http://ned.ipac.edu) at high–frequency range – centime-
tre, infrared, optical, X-ray bands. This gives the advan-
tage in obtaining of many astrophysical characteristics of 
objects and in determination of their evolution effects. We 
have identified 130 galaxies and 91 quasars with steep 
low-frequency spectrum at selection criteria (low-
frequency spectral index exceeds 1, and flux density is 
more than 10 Jy at the frequency 25 MHz) in two fields of 
UTR-2 catalogue. So, the compiled sample includes 78 
galaxies with linear steep spectrum (S) and 52 galaxies 
with break steep spectrum (C+), 55 quasars with linear 
steep spectrum  (S) and 36 quasars with break steep spec-
trum (C+) (Miroshnichenko, 2014). We use for calcula-
tions of physical parameters of considered sources the 

CDM – Universe model with cosmological parameters 
m = 0.27,  = 0.73,  = 71 km/sMpc.   

The goal of this work is further examination of rela-
tions of emission contribution of structure components of 
giant steep-spectrum sources versus other physical charac-
teristics. 

 
2. Evidences for long evolution of sources with steep 

low-frequency spectra  
 
When study of radio sources with steep low-frequency 

spectra from the UTR-2 catalogue we have determined 
that all these objects have giant structure (~ Mpc) (Mi-
roshnichenko, 2012). Our estimates of characteristic age 
of galaxies and quasars with steep spectrum from the 
UTR-2 catalogue have values 107-108 years (Mirosh-
nichenko, 2013). At these great time scales the steep radio 
spectra of sources may be formed at the transient injection 
of relativistic electrons by their long synchrotron losses 
(Kardashev, 1962).    

From the relation of initial and present spectral indices 
(Gorbatsky, 1986) we derive estimation of time (tSTI)   
necessary for observed steepness of radio spectrum of 
source at the case of transient injection of relativistic elec-
trons: 
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where   0  - is initial spectral index, 
  - is present spectral index, 
1,2 – are limit frequencies of the frequency interval, 
 = 1,5710-3 , 

222
CMBx BBB   , 

B - is magnetic field strength of source, in 10-5 Gauss, 
BCMB = 0,32(1+z)2 – is equivalent magnetic field 
strength corresponding to intensity of microwave 
background, in 10-5 Gauss, 
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We consider the initial spectral index of sources in our 
sample has value 0 = 0,8 and the present spectral index of 
these sources has value  = 1,2 (in case of S steep spec-
trum) and  = 2 (in case of C+ steep spectrum). As a result, 
at the frequencies 1 = 10 MHz and 2 = 80 MHz we obtain 
from (1) the estimation of synchrotron decay times at tran-
sient injection tSTI ~ 108 years (at the typical magnetic field 
strength B (Miroshnichenko, 2012) of examined sources B 
~ 10-5 Gauss). This estimate is near to value of characteris-
tic age t (Miroshnichenko, 2013) for considered sources. 
So, the low frequency steep spectra of radio sources corre-
spond to long evolution of these objects. 

At process of synchrotron losses by relativistic electrons 
at their propagation in jets the radio lobes are formed with 
linear size of order near Mpc. Radio emission of these 
giant structures has maximum intensity at low-frequency 
band, particularly, at frequencies of decametre band. 

For continuing study of evolution features of giant ra-
dio-sources with steep spectrum we examine ratio of 
emission of their radio lobes and accretion disk 
(lg(S25/Sopt)) versus jet propagation velocity Vj . Also, we 
consider ratio of emission of radio lobes and accretion 
disk crown (lg(S25/SX)) versus Vj . The value lg(S25/Sopt) 
characterizes the ratio of monochromatic luminosities of 
source at the decameter band ( at the frequency 25 MHz) 
and the optical band (V). Analogously, lg(S25/SX corre-
sponds to ratio of monochromatic luminosities of source 
at the frequency 25 MHz and te X-ray band (1 keV). 

The jet propagation velocity of source Vj (Mirosh-
nichenko, 2016a) is determined from our estimates of lin-
ear size of radio structure R  (Miroshnichenko, 2012) and 
characteristic age of source t (Miroshnichenko, 2013) as 

t
RV j 2   .    (2) 

Note, that derived estimate of jet propagation velocity of 
examined giant sources Vj are subrelativistic (~ 0,1c) (Mi-
roshnichenko, 2016a). We obtained above-mentioned rela-
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quasars with linear steep spectrum S and break steep spec-
trum C+ (Figure 1, Figure 2).For galaxies of both spectral 
types (GS and GC

+) the positive trend is visible in relation 
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values of radio emission of radio lobes and accretion disk 
are observed (Figure 1). Besides, it follows from Figure 1, 
that the relation for each spectral type of galaxies (S and 
C+) looks as separate branch. 

Quasars in our sample (QS and QC
+) also display the 

positive trend in relation  j
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preciably, that quasars with linear steep spectra (QS) are 
located at the region of greater Vj , while the most of qua-
sars with spectrum C+ occupy the region of smaller jet 
velocities Vj  (Figure 2). The ratio of emission of radio 
lobes and accretion disk crown (lg(S25/SX)) for galaxies 
and quasars of both spectral types  (GS , GC

+ , QS , QC
+) 

versus Vj  indicate on positive trend localization of jets 
with linear steep spectrum (GS , QS) in region of greater 
values Vj (Figure 3, Figure 4). 

For contribution of emission of radio lobes relatively of 
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shows clustering of objects  (GS , GC
+) , QS , QC

+) in two re-
gions of ages (Figure 5, Figure 6). Galaxies and quasars with 
break steep spectrum (GC

+, QC
+) have characteristic age t by 

one order greater than it for galaxies and quasars with S steep 
spectrum (GS, QS). Mean values of characteristic age  (Mi-
roshnichenko, 2013; Miroshnichenko, 2016a,b) for objects of 
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Relation of ratio of emission of radio lobes and accre-
tion disk crown versus characteristic age of sources for 
examined galaxies and quasars  (Figure 7, Figure 8) has 

form similar to relation  t
S
S

opt 




















 25lg  ,  t
S
S

X 

















 25lg  

(Figure 5, Figure 6). 
Note, that the mean value of ratio of emission of radio 

lobes and accretion disk of source 










optS
S25lg  has 

greater value for galaxies and quasars with linear steep 
spectrum S as compared to objects with spectrum C+. 
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Thus, the greater contribution of emission of radio lobes 
is observed for more young sources (with linear steep 
spectrum S) than for more old sources (with break steep 
spectrum C+). Alternative reason of difference of these 
parameters may be the increase of contribution of emis-
sion of accretion disk and accretion disk crown for sources 
with steep spectrum C+. Probably, this is connected with 
activity recurrence of nuclei of giant sources. 

 
3. Conclusion 
 
The examined giant radio sources – galaxies and qua-

sars with both types of steep spectra (S and C+) from the 
UTR-2 catalogue reveal a number of evolution features: 

1. Positive correlation is determined for the ratio of 
emission of radio lobes and accretion disk versus jet 
propagation velocity of sources. Analogous correlation is 
observed for the ratio of emission of radio lobes and ac-
cretion disk crown versus jet propagation velocity. At that, 
the greater jet propagation velocities are typical for galax-
ies and quasars with steep linear spectra S. 

2. Values of ratio of emission of radio lobes and accre-
tion disk of examined sources are clustered in two regions 
of sources ages. Sources with C+ type of steep spectrum 
have characteristic age by one order greater than these 
with steep spectrum S. 

3. Contribution of emission of radio lobes relatively ac-
cretion disk decreases at the increasing of age of steep 
spectrum sources (or the contribution of accretion disk or  
crown increases) testifying to their activity recurrence. 

 
 
 

 
 

Figure 1: Ratio of emission of radio lobes and accretion 
disk versus jet velocity for galaxies with steep radio spec-
tra of both types (S and C+) 

 

 
Figure 2: Ratio of emission of radio lobes and accretion 
disk versus jet velocity for quasars with steep radio spec-
tra of both types (S and C+) 

 
 

 
Figure 3: Ratio of emission of radio lobes and accretion 
disk crown versus jet velocity for galaxies with steep radio 
spectra of both types (S and C+) 

 
 

 
Figure 4: Ratio of emission of radio lobes and accretion 
disk crown versus jet velocity for quasars with steep radio 
spectra of both types (S and C+) 
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Figure 5: Ratio of emission of radio lobes and accretion 
disk versus characteristic age for galaxies with steep radio 
spectra of both types (S and C+) 
 
 

 
Figure 6: Ratio of emission of radio lobes and accretion 
disk versus characteristic age for quasars with steep radio 
spectra of both types (S and C+) 
 
 

 
Figure 7: Ratio of emission of radio lobes and accretion 
disk crown versus characteristic age for galaxies with 
steep radio spectra of both types (S and C+) 
 

 
Figure 8: Ratio of emission of radio lobes and accretion 
disk crown versus characteristic age for quasars with steep 
radio spectra of both types (S and C+) 
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