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ABSTRACT 
 

We use analytical methods to develop a mathematical model that expresses the relationship 
between the linear size (��) of some extragalactic radio sources (EGRS) and their redshift (�). 
Result shows that ��~(1 + �)ℒ, where ℒ = −4.5. For the purpose of obtaining an empirical relation 
of similar form, we carry out simple linear regression analyses of the observed linear sizes of these 
EGRS in our sample against their respective observed redshifts. We obtain an empirical relation of 
the form, ��~(1 + �)� , where � ≈ −1.4  and −1.3  for radio-loud quasars and radio galaxies 
respectively, with correlation coefficients given by, � ≈ 0.3 for each of the sources. The correlation 
is marginal/slight. Comparing the theoretical and empirical relations, we find that the �� − � data 
show an inverse correlation which is similar to the theory. This suggestively indicates presence of 
cosmological effects on the size evolution of the radio sources. Moreover, we find that similarity in 
the behavior of the two sources in the �� − �  plane, simply supports quasar/galaxy unification 
scheme in which the different observable properties that characterize these two subclasses of radio 
sources are aspect-dependent. 
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1. INTRODUCTION 
 

In terms of their luminosities, galaxies are 
grouped into two main classes; namely, normal 
galaxies and active galaxies. Active galaxies are 
those galaxies that radiate in excess of 10��� 
[1,2,3,4,5,6]. While the normal galaxies radiate 
their light from their individually combined 
constituent stars, an active galaxy radiates 
abundantly from its three major components – (i) 
the central core which is believed to contain a 
suppermassive blackhole, (ii) two-sided radio jets 
emanating from the core, and (iii) two-sided radio 
lobes. These radio-emitting lobes are believed to 
be fed by the radio-emitting jets [1,2,3,4,5,6] (For 
clarity, see Figs 1 and 2). 
 

 
 

Fig. 1. Cygnus A – an EGRS 
Source: Wikipedia 

 

Usually, extragalactic radio sources (EGRSs) are 
those radio sources that have high ratio of radio 
to optical emission. Generally, it is defined by the 
ratio of the two flux densities given by 
�� ��� ��×��� ���⁄ > 10  [1,2,3,4,5,7]. These radio 
sources include radio galaxies, quasars and BL 
Lacertae objects [1,2,3,4,5,7]. The radio 
emission from these radio sources usually takes 
the form of relativistic jets that connect the base 
of the accretion disk to the two radio emitting 
lobes that straddle the central component that is 
more or less coincident with the nucleus of the 
host galaxy [1,2,3,4,5,7]. In some radio sources, 
the lobes contain hotspots believed to be the 
termination points of the jets [1,2,3,4,5,7]. 
Presence of jets in EGRS indicates presence of 
gaseous ambient media [5,7]. A number of 
hydrodynamic simulations of jet propagations 
have been performed to examine their physical 
state [6,8]. These studies show that jet materials 
have smaller masses than those of the ambient 
medium. 

In this paper, we have used analytical methods 
to obtain a theoretical model that may show a 
relationship between the linear size of an EGRS 
and its redshift. After this, we find an empirical 
relation of similar form between the two 
observable parameters using 462 EGRS in our 
sample. These sources are from [9] and they are 
made up of 203 radio-loud quasars and 259 
radio galaxies. 
 

 
 

Fig. 2. The structure of a typical EGRS 
Source: the author 

 
2. COSMOLOGICAL EVOLUTION OF 

RADIO SOURCE SIZE 
 

The synchrotron aged spectrum model for radio 
sources may be expressed generally as 
[6,7,10,11,12]. 
 

���� = 1610
ℬ

�
�

ℬ � + ℬ���
� �(1 + �)����

�
�
�              (1) 

 

where ℬ  is magnetic field intensity, ℬ��� =
3.25(1 + �)�  in ��  is the magnetic field 
equivalent to the microwave background, ���� in 

Myr is elapsed time since the source formation, 
��� in GHz is the breaking frequency. Substituting 
for ℬ��� , we obtain [6,7] 
 

���� = 1610
ℬ

�
�

ℬ � + 10.56(1 + �)��(1 + �)����
�
�

  (2) 

 
Simplifying, we have 
 

���� =
1610ℬ

�
�

(1 + �)
�
�[ℬ �(1 + �)�� + 10.56]���

�
�

           (3) 
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Since (1 + �)
�
� ≫ (1 + �)�� , we ignore the 

smaller term to obtain [6,7] 
 

���� ≈
1610ℬ

�
�

10.56�
��

�
� (1 + �)

�
�

                                    (4) 

 
Moreover, kinematic age, � , of a radio source 
can be expressed simply as a function of the 
source linear size, ��, as [6,7,12] 
 

� = �
���

�ℓ

��

��

                                                         (5) 

 
where �� is the lower limit of the linear size, �ℓ 
is lobe velocity. Assuming radiation age has 
similar value with the kinematic age [7], we 
combine the last two equations to obtain 
 

�� ≈
1610�

�
��ℓ

10.56���

�
� (1 + �)

�
�

                                      (6) 

 
Hence, we have 
 

��~(1 + �)��.�                                                     (7) 
 
which can be referred to as theoretical relation. It 
can be interpreted to mean that the linear size of 
an EGRS possibly may be affected by 
cosmological evolution [6,7]. 
 
Moreover, for the purpose of obtaining an 
empirical relation of similar form, we carry out 
simple linear regression analysis on the 
observable source linear sizes against their 
respective observed redshifts (Figs. 3 and 4). 
Fig. 3 is for the radio-loud quasars while Fig. 4 is 
for the radio galaxies. Results of the regression 
show, 
 

 
 

Fig. 4. The scatter plot of linear size against 
redshift for the radio galaxies 

 
Log�� = −1.4Log(1 + �) + 2.5            (8) 

and 
Log�� = −1.3Log(1 + �) + 2.5            (9) 

 
For radio-loud quasars and radio galaxies 
respectively. Their correlation coefficients have 
similar values and are given by 0.3 each. This 
shows marginal or slight correlation. Rewriting 
equations (8) and (9) yields respectively 
 

��~(1 + �)��.�                                                   (10) 
 

and 
 

��~(1 + �)��.�                                                   (11) 
 

These last two relations can be referred to as 
empirical relations for the radio source �� − � 
relationship. In comparison with the theoretical 
relation (equation (7)), we notice that for the 
quasars and galaxies, �� − � data show inverse 
correlations. These are in consonance with the 
theoretical relation. So, this similarity between 
the empirical result and theoretical result may be 
attributable to cosmic effects on size evolution of 
radio sources.  
 

 
 

Fig. 3. The scatter plot of linear size against 
redshift for the radio-loud quasars 

 
3. DISCUSSION AND CONCLUSIONS 

 

We have used analytical methods with some 
plausible assumptions to find a mathematical 
model (equation (7)) which plausibly may 
indicate a source size dependence on 
cosmological evolution. However, for the purpose 
of obtaining an empirical relation of similar form, 
we carry out linear regression analyses of 
observed linear sizes against their respective 
observed redshifts for radio-loud quasars (Fig. 3) 
and radio galaxies (Fig. 4). The power-law 
relations obtained are of the form, ��~(1 + �)�; 
where the index, �, is found to be � ≈ −1.4 and 
−1.3  for quasars and galaxies respectively. 
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Correlation coefficients are generally marginal 
with 0.3 for each of the sources. 
 
In comparison with the theoretical relation (i.e. 
equation (7)), it can be seen that for the quasars 
and galaxies, the linear size (��)  shows an 
inverse relationship with redshift (�) . This 
empirical result is similar to the theoretical 
relation. Hence, the similarity simply suggests 
that cosmological evolution may have some 
consequences on the size evolution of these 
radio sources. 
 
Moreover, the similarity in the behavior of the two 
sources in the �� − �  plane (that is, similar 
gradients and intercepts), simply supports 
quasar/galaxy unification scheme. In this 
scheme, it is assumed that the different 
observable properties that characterize these two 
subclasses of radio sources are aspect-
dependent [13,14]. 
 

COMPETING INTERESTS 
 

Author has declared that no competing interests 
exist. 
 

REFERENCES 
 

1. Mahatma VH, Hardcastle MJ, Williams WL. 
2019. LoTSS DR1: Double-double Radio 
Galaxies in the HETDEX field. Astronomy 
and Astrophysics. 622: A13. 

2. Mingo BJ, Croston H, Hardcastle MJ. 
Revisiting the Fanaroff-Riley Dichotomy 
and Radio Galaxy Morphology with the 
LOFAR Two-Meter Sky Survey (LoTSS). 
Monthly Notices of the Royal Astronomical 
Society. 2019;488:2701–2721. 

3. Hardcastle MJ, Williams WL, Best PN. 
Radio-loud AGN in the First LoTSS Data 
Release– The Lifetimes and Environmental 
impact of Jet-Driven Sources. Astronomy 
and Astrophysics.  2019;622:A12. 

4. Dabhade P, Gaikwad M, Bagchi J. 
Discovery of giant radio galaxies from 
nvss: radio and infrared properties. 
Monthly notices of the royal astronomical 
society. 2017;469(3):2886–2906. 

5. Robson I. Active Galactic Nuclei. Praxis 
Publishing Ltd, England; 1996. 

6. Ezeugo JC. Compact steep spectrum 
source size and cosmological implication. 
Quest Journals: Journal of Research in 
Applied Mathematics. 2021;7(2):01–04. 

7. Ezeugo JC. On cosmic epoch and linear 
size/luminosity evolution of compact steep 
spectrum sources. American Journal of 
Astronomy and Astrophysics. 2021;9(1):8–
12. 

8. Readhead AC. Evolution of powerful 
extragalactic radio sources. In Proceedings 
of Conference on Quasars and Active 
Galactic Nuclei, ed. Kohen M, Kellermann 
K. (USA: National Academy of Sciences, 
Berkman Center, Irvine), 1995;92:11447–
11450. 

9. Kawakatu N, Kino M. The velocity of large-
scale jets in a declining density medium. In 
Proceedings of Conference on Triggering 
Relativistic Jets, ed. W. H. Lee & E. 
Ramirez-Ruiz, 2007;27:192–197. 

10. O’Dea CP. The compact steep spectrum 
sources and gigahertz peaked spectrum 
radio sources. Publications of the 
Astronomical Society of the Pacific. 
1998;110:493–532. 

11. Murgia M. et al. Synchrotron spectra and 
ages of compact steep spectrum radio 
sources. New Astronomy Reviews.  
1999;345:769–777. 

12. Ezeugo JC, Ubachukwu AA. The spectral 
turnover – linear size relation and the 
dynamical evolution of compact steep 
spectrum sources. Monthly Notices of the 
Royal Astronomical Society. 2010;408 
:2256 – 2260. 

13. Jackson CA. Radio source evolution and 
unified schemes. Publications of 
Astronomical Society of Australia. 1999;16: 
124–129. 

14. Ubachukwu AA, Ogwo JN. “Redshift and 
luminosity dependence of linear size of 
compact steep spectrum sources and the 
quasar/galaxy unification scheme. 
Australian Journal of Physics. 1999;52: 
141–146. 

_________________________________________________________________________________ 
© 2021 Chukwuemerie; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/68306 


