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ABSTRACT 
 
We have used statistical methods to find the 
effects of cosmic evolution on astronomical 
distance using extragalactic radio sources. This 
we have done by carrying out linear regression 
analysis of observed source linear sizes (D) of 
radio-loud quasars and their corresponding 
observed redshifts, (z).  
 
With appreciable correlation coefficient, result 
shows that D has an inverse relationship with 
redshift, z. We have also pointed out that this 
relation could be interpreted to mean cosmic 
evolution dependence on distance between any 
two points in a free space. This is true if D is taken 
to be distance between any two points in an 
empty space. Moreover, the result of linear 
size/luminosity (D-P) data shows that observed 
source size has an inverse power-law function 
with observed luminosity. Combining the effects of 
dynamical and cosmological evolutions, we find 
the relation, . This may be 

interpreted to mean combined effects of 
dynamical evolution  and cosmic evolution 

 of an extragalactic radio source. The source 

luminosity is attributable to dynamical evolution 
because, it has been shown to have a direct 
relationship with source kinetic power. Finally, we 
estimated the percentage effects of both  and 

 on the source observed linear size. Results 

show that effect due to dynamical evolution is 
; while that due to cosmic evolution is . 

Conclusively, the result obtained for cosmic 
evolution suggestively indicates that if  is taken 

to be a distance between any two regions in an 
empty space, then the evolution of this distance is 
entirely cosmic. 
 
(Keywords: cosmic evolution, linear size, astronomical 
distance, luminosity, radio sources, quasars, dynamical 

evolution) 
  

 

INTRODUCTION 
 
Extragalactic radio sources (EGRS) radiate 
copious amount of radio radiation. They are 
those sources with high ratio of radio to optical 
emission. This ratio is generally defined by the 
quotient of the two flux densities given by 

 [1–5]. They are located 

beyond the confines of the Milky Way, our 
galaxy. They comprise radio galaxies, radio 
quasars, and BL Lacertae objects [4–5]. Radio 
emission from these sources commonly takes the 
form of two opposite sided relativistic jets that 
connect the base of the accretion disk to two 
radio-emitting lobes that straddle the central 
component that is more or less coincident with 
the nucleus (or the core) of the host galaxy [4, 7–
8]. In some sources, the lobes contain hotspots 
believed to be the termination points of the jets 
[4, 6–8] (see Figures 1–3). 
 
The more extended EGRS have linear sizes, , 

given by  assuming Hubble constant, 

. In most cases, their linear 

sizes extend into intergalactic media. Their radio 
luminosity is in excess of at  and 

overall luminosities  in common 

with the Compact Steep Spectrum Sources 
(CSS) [4–12]. 
 
Furthermore, it has been well noted that the 
presence of jets in radio sources simply suggests 
presence of gaseous ambient media [13-18]. A 
number of hydrodynamic simulations of jet 
propagations have been performed to examine 
their physical state [13–14]. These studies show 
that jet materials have smaller masses than those 
of the ambient medium. Ezeugo and Ubachukwu 
(2010) [10] created a model for evolution of 
compact steep spectrum (CSS) sources (which is 
a subclass of EGRS) and used it to estimate their 
ambient densities.  

http://www.akamaiuniversity.us/PJST.htm


The Pacific Journal of Science and Technology               –12– 
https://www.akamai.university/pacific-journal-of-science-and-technology.html                    Volume 23.  Number 1.  May 2022 (Spring) 

 
 

Figure 1: An EGRS (Source: Wkipedia). 
 
 

 
 

Figure 2: Cygnus A –  An EGRS.  
(Source: slideplayer.com) 

 
 

 
 

Figure 3: The Structure of a Typical EGRS. 
(Source: [1], [2]) 

 
 
 

 
In this work, we want to probe into cosmic 
evolution using some of these extragalactic radio 
sources. The extragalactic radio sources used in 
the analyses are obtained from [20]. They are 
made up of 170 radio-loud quasars and 109 radio 
galaxies; hence, we have a total of 279 sources 
in our sample. 
 
 
OBSERVED SOURCE LINEAR SIZE AND 
REDSHIFT RELATION 
 
We carry out linear regression analysis of 
observed source linear sizes,  of the quasars 

and their corresponding observed redshifts,  

(Figures 4) in our sample. 
 
 

 
Figure 4: The Scatter Plot of Source Observed 
Linear Sizes against Observed Redshifts for the 

Quasars. 
 
Results of the regression show that  relates with 

 according to the equation: 

 

 
 
The correlation is appreciable (correlation 
coefficient, 1); hence, Equation (1) may be 

transformed to be: 
 

                                            (2) 

 
Or 

 

 
 
This implies that: 
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Therefore, if we take  to be distance between 

any two points in free space, then Equation (3) 
suggestively indicates that cosmic evolution has 
an inverse power-law function with any distance 
between any two positions. 
 
 
OBSERVED SOURCE LINEAR SIZE AND 
LUMINOSITY RELATION 
 
Moreover, from  data (Figure 5), we find the 

relation: 
 

 
 
(with correlation coefficient, ), which 

connects the source linear size, , and luminosity, 

. Transforming the equation, we obtain: 

 

 
 
This shows that observed source size has an 
inverse power-law function with observed 
luminosity. It has been shown from theory by 
Ezeugo [21] that source luminosity shows a direct 
dependence on the source core-jet power (or jet 
kinetic power), , according to the following 

relation: 
 

 
 
 

 
 

Figure 5: The Scatter Plot of Source Observed 
Linear Sizes against Observed Luminosities for 

the Quasars. 
 
 
The last equation is the power with which the jet 
materials use to escape from the central core. 
 

 conversion efficiency of kinetic power    

      into radiation 
 

 light speed 

 
 source dynamical age 

 
This shows that source luminosity is a measure 
of source kinetic power. 
 
Furthermore, since the last equation which is 
obtained from theoretical method [21] indicates 
an inverse relation between source linear size 
and source luminosity, it simply shows that the 
empirical result in (6) is in consonance with the 
theory in (7). 
 
 
OBSERVED SOURCE LINEAR SIZE, 
REDSHIFT, AND LUMINOSITY RELATIONS 
FOR THE RADIO GALAXIES 
 
We also obtained  and  data (Figures 

6 and 7) for the radio galaxies in our sample. 
Results obtained show that there are no 
significant relationships between the source 
linear size and redshift; as well as between the 
linear size and observed luminosity. Correlation 
coefficient,  shows  for  data. 

However, if we assume this marginal correlation 
to be appreciable enough for the observed 
physical data, we will have the following relation: 

 

 
 
Rewriting it, we have: 
 

 
 
which is in order with result obtained for the 
quasar in (2). 
 
It is noteworthy that there is poor correlation (with 

) for  data (Figure 7). This 

inconsistency with result obtained for the quasars 
may be attributable to strong luminosity-selection 
effects – quasars are more visible at higher 
redshifts than the radio galaxies [21]. This implies 
that we will use only results obtained for the 
quasars in our further analyses in this paper. 
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Figure 6: The Scatter Plot of Source Observed 
Linear Sizes against Observed Redshifts for the 

Radio Galaxies. 
 

 
Figure 7: The Scatter Plot of Source Observed 
Linear Sizes against Observed Luminosities for 

the Radio Galaxies. 
 
 

DYNAMICAL AND COSMIC EVOLUTIONS 
 
Combining the effects of dynamical and cosmic 
evolutions by solving Equations (1) and (5) 
simultaneously, we obtain: 
 

 
 
Or we have: 

 

 
 
Equation (11) can be interpreted to mean 
combined effects of dynamical evolution  and 

cosmic evolution  of an extragalactic radio 

source. The source luminosity, , is attributable to 

dynamical evolution because, as we pointed out 
earlier, it has direct relationship with the power 
supplied by the central core to the jet. 
 

Moreover, using the indices of (11), the 
percentage effects of both  and  are 

estimated to be  and , respectively. 

 
 
DISCUSSION AND CONCLUSION 
 
We have carried out linear regression analysis of 
observed source linear sizes  of the quasars 

and their corresponding observed redshifts,  

(Figure 4). Result shows that  relates with 

redshift  according to the equation, 

 (with correlation coefficient, 

). We have also pointed out that this 

relation could be rewritten as . This 

implies that  which can be interpreted to 

mean cosmic evolution dependence on distance 
between any two points in space. This is true if  

is taken to be distance between any two points in 
space. 
 
Moreover, the result of  data (Figure 5) 

shows that  relates with  according to the 

expression, . This shows that observed 

source size has an inverse power-law function 
with observed luminosity. It has been shown from 
theory by Ezeugo [21] that source luminosity 
shows a direct dependence on the power with 
which the jet materials use to escape from the 
central core according to the following relation: 

 (see Equation (7). This power is referred to 

as core-jet power (or jet kinetic power) . The 

relation shows that source luminosity is a 
measure of source kinetic power. 
 
Furthermore, since the relation (7), which is 
obtained from theoretical method [21] indicates 
an inverse relation between source linear size 
and source luminosity, we may simply state that 
the empirical result (6) is in consonance with the 
theory in (7). 
 
In addition to the foregoing, we obtained  

and  data (Figures 6 and 7) for the radio 

galaxies in our samples. Results obtained show 
that there are no significant relationships 
between the source linear size and redshift; as 
well as between the linear size and observed 
luminosity. For the  data, correlation 

coefficient,  shows . However, if we 

take this marginal correlation to be good enough 
for the observed physical data, we may have the 
following relation: which is comparable to 

the result obtained for the quasar in (2). 
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We find poor correlation, with , for  

data (Figure 7). This inconsistency with result 
obtained for the quasars may be attributable to 
strong luminosity-selection effects – quasars are 
more visible at higher redshifts than the radio 
galaxies. This implies that only results obtained 
for the quasars are used in the further analyses. 
 
Combining the effects of dynamical and 
cosmological evolutions by solving (1) and (5) 
simultaneously, we obtain, . 

This may be interpreted to mean combined effects 
of dynamical evolution  and cosmic evolution 

 of an extragalactic radio source. The source 

luminosity, , is attributable to dynamical 

evolution because, it has direct relationship with 

source kinetic power . 

 
Finally, from the indices of (11), we estimated the 
percentage effects of both  and  on the 

source observed linear size. Results show that 
effect due to dynamical evolution is ; while 

that due to cosmic evolution is . Conclusively, 

the result obtained for cosmic evolution 
suggestively indicates that if  is taken to be a 

distance between any two regions in an empty 
space, then the evolution of this distance is 
entirely cosmic. 
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