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Abstract 

We carried out statistical analysis of observable parameters of jet components 

of quasars, radio galaxies and BL Lac objects. We employed descriptive 

statistics and one dimensional linear fit to the log-log plots of the parameters. 

In general, quasars have highest luminosity with average luminosity as 
〈𝑃〉~2.2 × 1025 𝑊𝐻𝑧−1, with highest brightness temperature  〈𝑃〉~2.7 ×
1012 𝐾, redshift 〈𝑧〉~ 0.9, fastest 〈𝛽𝑎〉~, largest in size 〈𝑅〉~3.01 𝑝𝑐and 

furthest from the core 〈𝐷〉~11.3 𝑝𝑐. Using the absolute difference between the 

weighted mean position angle and the proper motion position angle |𝑃𝐴 − 𝜑| 
in degree, as a measure of the changing direction of the jet motion, indicates 

that BL Lacs which are blazars have the largest changes in the assumed ballistic 

motion. In general, the relationship between the observable parameters were 

not strong and generally with a lot of scatter except the 𝑃/𝑧 ;with correlation 

coefficient of 𝑟 ≥ 0.6 for the three classes of radio sources and with very high 

values of index in the log-log relation of 3.5 ± 0.6 for quasars; 13.3 ± 0.6  for 

radio galaxies and 8.3 ± 0.6 for BL Lac objects, and the 𝑅 − 𝐷 relation; with 

correlation coefficient of 𝑟 ≥ 0.8 for the three classes of radio sources and with 

relatively low scatter in the index in the log-log relation of 0.6 ± 0.2 for 

quasars; 0.6 ± 0.3  for radio galaxies and 0.8 ± 0.2 for BL Lac objects. The 

strong 𝑅 − 𝐷 relation supports the self-similarity model assumed in the analysis 

of the evolution of radio source. 
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INTRODUCTION 

An active galactic nucleus (AGN) is a compact region at the center of a galaxy 

that has a much higher than normal luminosity over at least some portion, and 
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possibly all, of the electromagnetic spectrum (Porcas, 1987). Such excess 

emission has been observed in the radio, microwaves, infrared, optical, ultra-

violet, X-ray and gamma ray wavebands ( Rees, 1966). A galaxy hosting an 

AGN is called an active galaxy. The radiation from AGN is believed to be a 

result of accretion of mass by a supermassive black hole at the center of the host 

galaxy, (Kellermann & Owen, 1988). AGN is the most luminous and persistent 

sources of electromagnetic radiation in the universe, and as such can be used as 

a means of discovering distant objects; their evolution as a function of cosmic 

time also puts constraints on models of the cosmos,  (Mirabel 1984 & Harmon, 

1994).  

 

RADIO EMISSION CLASSIFICATION OF AGN 

According to (Kazanas, 2012) based on radio emission. AGN are of two types, 

they are:  

• Radio-Quiet AGN  

•  Radio Loud AGN 

 

 RADIO-QUIET AGN 

AGN that shows only weak radio nuclear emission-line. The Radio-quiet 

objects are simpler since jet and any jet-related emission can be neglected at all 

wavelengths. They are: 

• Seyfert Galaxies: Seyferts were the earliest distinct class of AGN to be 

identified. They show optical nuclear continuum emission, narrow and 

(sometimes) board emission lines, (sometimes) strong nuclear X-ray 

emission and sometimes a weak small scale radio jet. Originally they were 

divided into two types known as Seyfert 1 and 2. Seyfert 1 is more likely to 

show strong low-energy X-ray emission. In general, the host galaxies of 

Seyferts are usually spiral or irregular galaxies (Kazanas, 2012). 

• Quasi-Stellar Objects (QSO) {Radio quiet quasars}: These are 

essentially more luminous versions of Seyfert 1. The distinction is arbitrary 

and is usually expressed in terms of a limiting optical magnitude (Hardcastle 

& Evans, 2006). QSO were originally “quasi-stellar” in optical images¸ and 

so had optical luminosities that were greater than that of their host galaxy.  

They always show strong optical continuum emission, X-ray continuum 

emission, broad and narrow optical emission lines (Ogle et al., 2006). The 
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host galaxies of QSO can be spirals, irregulars or elliptical. There is a 

correlation between QSO the luminosity and the mass of its host galaxy, so 

that the most luminous quasars inhabit the most massive elliptical galaxies 

(Ogle et al., 2006). 

• Quasi-Stellar Objects 2 (QSO 2) {Quasars 2}: By analogy with Seyfert 2, 

these are objects with quasar-like luminosities but without strong optical 

nuclear continuum emission or broad line mission. They are hard to find in 

surveys, though a number of possible candidate QSO 2 have been identified 

(Barthel, 1989). 

 

RADIO-LOUD AGN ;  They have emission contributions from both the jet(s) 

and the lobes that the jets inflate. These emission contributions dominate the 

luminosity of the AGN at radio wavelengths and possibly at some or all other 

wavelengths  

They are classified as: 

• Radio-Loud Quasars: These behave exactly like radio-quiet quasars with the 

addition of being strong radio emitters. Thus, they show strong optical 

continuum emission, broad and narrow emissions lines and strong X-ray 

mission together with nuclear and often extended radio emission (Chiaberge 

and Capetti, 2002). 

• Blazars (BL Lac objects and Optical Violent Variables objects (OVV)). 

These classes are distinguished by rapidly variable, polarized optical, radio 

and x-ray emission. BL Lac objects show no optical emission lines, broad or 

narrow, so that their red shifts can only be determined from features in the 

spectra of their host galaxies, the emission line features may be intrinsically 

absent or simply swamped by the additional variable components. In some 

cases, the emission lines may become visible when the variable component is 

at a low level (Vermeulen et al,. . 1995). OVV objects behave more like 

standard radio-loud quasars with the addition of a rapidly variable component 

(Vermeulen et al., 1995). In both classes of source, the variable emission is 

believed to originate in a relativistic jet oriented close to the line of sight 

(Hine, 1979). Relativistic effects amplify both the luminosity of the jet and 

the amplitude of variability (Hine, 1979). 

• Radio galaxies: These objects show both nuclear and extended radio 

emission. Their other AGN properties are heterogeneous. They can broadly be 
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divided into low-excitation and high-excitation classes (Laing et al., 1994). 

Low-excitation objects show no strong narrow or broad emission lines, and their 

emission lines may be excited by a different mechanism (Baum, 1995). Their 

optical and X-ray nuclear emission is consistent with originating purely in a jet 

(Hardcastle et al., 2006). According to Fanaroff and Riley, (1978), there are the 

two classes of radio galaxies depending on their radio luminosity, FR-I and FR-

II radio sources. 

 

 RELATIVISTIC EFFECTS IN AGN 

These are observed evidences that support relativistic motion: - superluminal   

motion, intense brightness temperature, apparent luminosity and opening angles 

etc. 

 

 Brightness Temperature 

 This is the temperature a black body in thermal equilibrium with its 

surroundings would have to be able to duplicate the observed intensity of a grey 

body object at a frequency 𝜈 (Rybicki, et.al., 2004) or the measurement of the 

radiance from a radiating body. It is also the measure of the received intensity 

from a radiating body. Thus from Planck’s blackbody radiation law the intensity 

of a body radiating at the frequency 𝜈 is giving by (Rybicki, et. al., 2004) 

𝐼𝜈  = 
2ℎ𝜈3    

𝑐2
 

1

𝑒
ℎ𝜈

𝑘𝑇 −1 

                                      1 

where 𝐼𝜈  is the intensity (brightness), 𝑇 is the thermodynamic temperature of 

the black body, ℎ is Planck’s constant, 𝜈 is the frequency, 𝑐 is the speed of light 

and 𝑘 is Boltzmann’s constant. At low frequency and high temperature, when 

h𝜈 ≪ 𝑘𝑇 and using the Rayleigh Jeans law we rewrite equation 1.1 as (Rybicki 

et. al., 2004) 

𝐼𝑣 = 
2𝜈2  𝑘𝑇

𝑐2
                                                  2 

So that the brightness temperature can be simply written as (Rybicki, et al., 

2004) 

𝑇𝑏  = ∈ 𝑇                                                        3 

where ∈ is the emissivity of the object. Observation of quasars and BL-Lac 

objects using space Very Long Baseline Interferometer (VLBI) of radio 

frequencies have revealed brightness temperature at  1 − 4 × 1012 𝐾 at 2 – 3 

GHz  and 1 –  3 × 1012  𝐾 at 15 GHz (Linfield, 1990). These are the first direct 
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observations of such large brightness temperatures for extragalactic sources that 

are clearly violating the well-known Inverse Compton limit of 1011-1012 K 

(Kellermann and Pauliny-Toth, 1969) for a power law energy distribution of 

relativistic elections (Kellermann, 1974; Quirrenbach, 1991). Extremely high 

brightness temperature of the order of 1019 K have been deduced from intraday 

variability of several extragalactic radio sources. Brightness Temperature is of 

two types (1) Apparent Brightness temperature (2) Intrinsic Brightness 

temperature. 

 

Apparent Brightness Temperature 

The apparent brightness of an extragalactic object defines how bright the object 

appears to an observer, it is the amount of energy per second from the object 

that strikes a square centimeter of a detector (observer) 

Intrinsic Brightness Temperature 

Intrinsic brightness temperature is the amount of light an object actually emits, 

as opposed to how bright the object looks from a distance. An apparently bright 

object can be intrinsically bright and far away or intrinsically faint and nearby. 

The intrinsic brightness temperatures of AGN cores are limited either by the 

inverse Compton catastrophe to be 𝑇𝑖𝑛𝑡 ≤ 1012 K (Kellermann and Pauliny-

Toth, 1969) or by the possibility that jets are near equipartition to begin with so 

that 𝑇𝑖𝑛𝑡 ≅ 𝑇𝑒𝑞 (singal & Gopal-Krishna, 1985; Singal, 1986; Readhead, 1994). 

If AGN cores are indeed limited by the inverse Compton catastrophe, 

they must be very far out of equipartition (Kellerman and Pauliny-Toth, 1969). 

It is very difficult to measure intrinsic brightness temperatures because AGN 

jets are highly relativistic and therefore Doppler boosted. So with very long 

baseline interferometry (VLBI), we do not measure the 𝑇𝑖𝑛𝑡 directly, but rather 

the observed brightness temperature 𝑇𝑜𝑏𝑠 = 𝛿𝑇𝑖𝑛𝑡, where 𝛿 is the Doppler factor 

of the jet, given by (Readhead, 1994), where 𝑇𝑜𝑏𝑠 is the observed brightness 

temperature,  𝑇𝑖𝑛𝑡, is the intrinsic brightness temperature and 𝑇𝑒𝑞 is the 

brightness temperature at the equipartition, with the Doppler factor given as 

  𝛿 =
√1− 𝛽2

1−𝛽 cos 𝜃
                                   4 

where 𝛽 is the speed of the relativistic flow in units of the speed of light and 𝜃 

is the angle the jet makes with the line of sight. The speed of the jet is often 

characterized by its bulk Lorentz factor   𝛾 = 1/(1 −  𝛽2)1/2 (Singal, 1986) 
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Apparent luminosity 

Luminosity is an intrinsic property of distant object, it is the amount of energy 

that an object radiates each second in all direction. Luminosity is also referred 

to as absolute magnitude or absolute brightness, it does not depend in any way 

on the location or motion of the observer and it is the real brightness of a 

celestial object. However, when we look at a jet, we don’t just see its luminosity, 

but rather its apparent brightness—the amount of energy striking a unit area of 

some light-sensitive surface or device per unit time. (Richard, 2006).  For a Jet 

beam that is characterized by its Lorentz factor 𝛾 , intrinsic luminosity 𝑙𝑜,  angle 

to the line of sight 𝜃, Doppler factor 𝛿,  the apparent luminosity 𝐿 can be 

calculated as (Richard, 2006) 

𝐿 = 𝐿𝑂𝛿𝑛                                                         5 

where 𝐿𝑂 is the luminosity that would be measured by an observer in the frame 

of the radiating material. The exponent 𝑛 in equation (1.5) combines the effect 

due to the 𝑘 correction and those due to Doppler boosting, therefore 𝑛 =  𝛼 +

 𝜌, where 𝛼 is the spectral index (S ~ 𝑣𝛼)  and 𝜌 is the Doppler boost exponent. 

Thus the apparent brightness of an object (or other light sources) relates to its 

luminosity (intrinsic brightness) through the square law of brightness by 

𝐵 =
𝐿

4𝜋𝑑2
                                                       6 

where 𝐵 is the brightness 𝐿, luminosity, d distance from source. (Richard, 

2006). 

 

 Superluminal motion  

Superluminal motion is the faster than- light motion seen in radio galaxies, BL 

Lac objects, quasars, blazars and also in micro quasars. These superluminal 

sources are thought to contain a black hole, responsible for the ejection of mass 

at high velocities. This faster than light motion is caused by the jets traveling 

very near the speed of light at a very small angle towards an observer. Because 

the high-velocity jets are emitting light at every point of their path, the light they 

emit does not approach an observer much more quickly than the jet itself. This 

causes the light emitted over hundreds of years of the jet's travel to not have 

hundreds of light-years of distance between its front end (the earliest light 

emitted) and its back end (the latest light emitted); the complete "light-train" 

thus arrives at the observer over a much smaller time period (ten or twenty 

years), giving the illusion of faster-than-light travels (Narayan & Yi, 1994). 

http://www.castlerock.wednet.edu/HS/stello/Astronomy/TEXT/CHAISSON/GLOSSARY/GLOSS_A.HTM#apparent%20brightness
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Strong evidence that some jets have relativistic flow velocities comes 

from sequences of VLBI images that show apparent superluminal motions of 

bright knots away from the core; the apparent motion is faster than the actual 

speed c because the emitting plasma approaches us at nearly the speed of light 

c. Therefore, it moves almost as fast as the radio waves it emits, so that the 

arrival times at Earth are compressed relative to those in the rest frame of the 

plasma. The apparent velocity in the plane of the sky is given by 

𝑣𝑎𝑝𝑝 =
𝛽𝑐𝑠𝑖𝑛𝜃

1−𝛽𝑐𝑜𝑠𝜃
                                                                                              7          

            

 where 𝜃 is the angle between the velocity vector and the line of sight. The 

apparent velocity is a maximum at 𝜃 = 𝑠𝑖𝑛−1 (
1

𝛾
), where 𝛾 = (1 − 𝛽2)−

1

2 is the 

Lorentz factor of the centroid of the “blob” of emitting plasma (Cheung, et al., 

2007). 

Figure 1 Cartoon picture of superluminal Motion Adopted from Homan, et al., 

2009 

DATA 

Our analysis were based on the sample of jets obtained from the Monitoring of 

Jets in Active Galactic Nuclei with Very long Baseline Array(VLBA) 

Experiments (MOJAVE) taken from Lister et al, 2016  (MOJAVE XIII). The 

MOJAVE sample (observed at 15 GHz) comprises of more than 21 000 jet 



 

 

International Journal of Pure and Applied Science  

Published by Cambridge Research and Publications 

 

                                                                      IJPAS ISSN-2743-6264 (Print) 
76 

Vol. 20 No.9 

March, 2021. 

Gaussian components of 295 radio sources from which 259 radio sources were 

classified based on optical identification as 201 Radio Loud Quasars (Q), 17 

FR-II radio loud Galaxies (G), 36 BL Lac objects (B) and 5 Narrow Line Radio 

Galaxies. Each jet components was observed more than five times (with some 

components having more than 20 epoch of observation). Due to low number 

statistics, the Narrow emission line radio galaxy (NLRG) were subsequently 

removed from our sample. Each jet component has at least five different epoch 

of observation, we obtained the average values (the mean, and median) of the 

parameters  which we used in the analysis (the redshift, is usually the same for 

different jet components of the same source).  

We formed samples of the different classes of radio sources (Q, G, and B) which 

have the following observed parameters – redshift (𝑧), jet component size (𝑎) 

in milliarcsec (mas) from which we estimate the jet size in the observers frame 

of reference (𝑅), the jet projected distance from the core (𝐷) in persec (pc), jet 

component luminosity (𝑆)  measured from the flux density in Jansky (Jy), which 

we used to estimate the jet component luminosity (𝑃) in 𝑊𝐻𝑧−1, the absolute 

difference between the weighted mean position angle and the proper motion 

position angle |𝑃𝐴 − 𝜑| in degree, which is a measure of the changing direction 

of the jet motion, the apparent superluminal speed (𝛽𝑎) for each jet component 

(Lister et al, 2016). We also estimated the brightness temperature (𝑇) using the 

observation frequency and the size of the radio jet component (Piner et al. 

2010).  

Given an observed angular measure of the size of a radio source, the size 

of the radio in pc can be estimated from (Leahy, 1991) 

 𝑹 =
𝟏𝟒.𝟓𝟑𝒉−𝟏𝒛𝒒

𝟏+𝒛
 (

𝒂

𝐦𝐚𝐬
)  𝒑𝒄,                  10 

Where  𝒂  is the angular size expressed in mas. In general 

 𝒛𝒒 =    
𝒒𝟎𝒛+(𝒒𝟎− 𝟏)(√𝟏+𝟐𝒒𝟎𝒛− 𝟏)

𝒒𝟎
𝟐(𝟏+𝒛)

        11 

is the effective redshift, 𝒒𝟎 is the decele ration parameter. The radio power 

(𝑷) at a given frequency of observation (), the measured flux density (𝑺)  

is easily converted into specific radio power by the expression given by 

(Leahy 1991) 

𝑷 = 𝟖. 𝟓𝟓𝟕 𝐱 𝟏𝟎𝟐𝟓𝒉−𝟐𝒛𝒒
𝟐(𝟏 + 𝒛)𝟏+𝜶 (

𝑺

𝑱𝒚
)   𝑾𝑯𝒛−𝟏𝒔𝒓−𝟏 .              

      12 
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The expression requires a first-order 𝑘 − 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 assuming a constant 

spectral index. The 𝑘 − 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 is a spectrum-dependent correction 

required because observations are made at a fixed frequency (𝜈), and we wish 

to obtain the power at that frequency, in the frame of the galaxy, bearing in mind 

that the radiation we observe was emitted at the frequency of (1 +  𝑧)𝜈.. 

Apparently, calculation of both 𝑅 and 𝑃 is expected to be world model-

dependent due to the tight dependence of radio source size and luminosity on 

the assumed world model. In the Friedman-Robertson-Walker universe, 𝑅 and 

𝑃 respectively depend on luminosity distance (𝑑) as (Ubachukwu, 1998) 

𝑅~𝑎𝑑(1 + 𝑧)−1          13 

and 

𝑃~4𝜋𝑑2𝑆𝜈(1 + 𝑧)1+𝛼         14 

In the current omega cold dark mater (Λ𝐶𝐷𝑀) cosmology 

𝑑 =
1

𝐻0
∫ [(1 + 𝑧)2 (1 + Ω𝑚) − 𝑧(2 + 𝑧)ΩΛ]−0.5𝑧

0
       

 15 

where  𝛀𝐦 (omega meter) and 𝛀𝚲  (omega lambda) are respectively, the 

contributions of baryonic matter and cosmological constant to the energy 

content of the expanding universe. Planck collaboration (2015) gives 𝛀𝐦= 

0.3 and  𝛀𝚲 = 𝟎. 𝟕. However, this does not introduce any significant 

changes in the values of the parameters we have calculated. Onuora and 

Okoye (1983), pointed out that at low redshift, different cosmologies vary 

very little and would not have any significant effect on estimated values of 

radio source parameters. A vast majority of objects in our samples are 

located at low redshift (𝒛 <  𝟓, 𝒛𝒎𝒂𝒙 ~𝟑. 𝟒). It is thus apparent, that for 

these relatively low redshift sources, the non-zero cosmological constant 

does not significantly scale up the estimated luminosity and the estimated 

as would be the case for high redshift sources. The observed flux is also 

converted into brightness temperature 𝑻 (Piner et al. 2010) using the Full 

Width at Half Maximum (𝒂) and the observing frequency 𝝂 as 

𝑇 =
𝑆(1+𝑧)

𝑎2𝜈2
            16 

 

METHOD OF ANALYSES 

We employed descriptive statistics which includes, scatter plots with correlation 

and regression analyses in the study of the jet component parameters of different 
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classes of radio sources. This will enabled us to highlight the possible 

differences and similarities in the parameters of these various classes (FR-II 

radio galaxies, BL Lac objects and radio loud quasars) of radio sources. 

 

3.2.2 Scatter Plot, Correlation and Regression Analyses 

We plotted the observed parameters (luminosity  𝑃,  apparent speed 𝛽𝑎, 

projected distance from the assumed core 𝐷𝑝, estimated size of the jet 

component 𝑅, the observed parallel and perpendicular acceleration 𝜂||  & 𝜂⊥ 

etc.) against one another to determine qualitatively the nature and the strength 

of the relationships between these parameters for the various classes of radio 

sources under study. 

The study of the correlations among various jet component parameters is 

important in understanding how changes in the value of one parameter affect 

other parameters. We made use of the Pearson correlation coefficient  (𝑟), 

which is defined by 

𝑟 =
∑ 𝑥𝑦− 

∑𝑥∑𝑦

𝑛

√(∑ 𝑦2−
(∑ 𝑦)2

𝑛
)(∑ 𝑥2−

(∑ 𝑥)2

𝑛
)

      17 

where 𝑥, 𝑦 are the parameters under study and 𝑛 the total number of 

observations (which must be the same for both 𝑥 and 𝑦) 

We also carried out regression analyses to quantify the strength of the relation 

between the parameters of jet components for various radio source classes, 

fitting a linear relation to the log-log values of the parameters. This enables us 

to compare the trends in ten relation for various jet component parameters of 

different classes of radio sources, hence the similarities/differences among these 

classes of radio sources. 
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Figure 1. Plot of log 𝑷 against log (𝟏 + 𝒛) of the Jet Component for the 

Different Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; 

G= Galaxies) 

Figure 1. is the plot of log 𝑃 against log(1 + 𝑧) . The plot showed a high 

dependence of P on z, at low redshift that tends to flatten at high 𝑧 which is 

usually observed for such flux limited radio source sample 

 
Figure 2. Plot of log 𝑹 against log (𝟏 + 𝒛) of the Jet Component for the 

Different Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; 

G= Galaxies). 
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Figure 2, is the plot of log 𝑅 against log(1 + 𝑧). Similar to the 𝑃 − 𝑧 relation is 

the 𝑅 − 𝑧 relation for the different classes of radio sources. The 𝑅 − 𝑧 relation 

is usually attributed to the strong correlation in the size-luminosity correlation. 

Figure 3, Plot of log 𝑻 against log (𝟏 + 𝒛) of the Jet Component for the 

Different Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; 

G= Galaxies).  

Figure 3, is the plot of log 𝑇 against log(1 + 𝑧). The plot indicates no 

dependence of brightness temperature on redshift and this is same for the three 

different classes of radio sources considered 
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 Figure 4, Plot of log 𝑫 against log (𝟏 + 𝒛) of the Jet Component for the 

Different Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; 

G= Galaxies). 

The plot of log 𝐷 against  log(1 + 𝑧) for the various classes of radio sources is 

shown in figure 4. The plot seems steep for low redshift sources (G), but flattens 

out for high redshift sources (Q).   

 

Figure 5,   Plot of log |𝑷𝑨 − 𝜽| against log (𝟏 + 𝒛) of the Jet Component 

for the Different Classes of Radio Sources. (See Legend B= BL Lac; Q = 

Quasars; G= Galaxies). 

The plot of log |𝑷𝑨 − 𝜽| against log (1 + 𝑧) shown in Figure 5 indicated that 

|𝑷𝑨 − 𝜽| does not depend on redshift. It also showed that the jet components 

display all possible |𝑷𝑨 − 𝜽| irrespective of type and distance from the 

observer.  
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Figure 6, Plot of log 𝜷𝒂against log (𝟏 + 𝒛) of the Jet Component for the 

Different Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; 

G= Galaxies). 

In the plot of log 𝛽𝑎  against log (1 + 𝑧) shown in Figure 6, indicated that low 

redshift sources exhibited lower apparent transverse expansion speed than high 

redshift sources. High redshift sources being powerful source to enable their 

detection, it is expected that they have more powerful jets than low redshift 

sources. 

Figure 7, Plot of log 𝑷 against log 𝑹 of the Jet Component for the Different 

Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; G= 

Galaxies). 

Plot of log 𝑃  against log 𝑅 for the different classes of radio sources shown in 

Figure 7, indicates a steeper relation between size and luminosity for low 
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redshift sources which tends to flattens out and seems to invert for high redshift 

sources.    

Figure 8, Plot of log 𝑻 against log 𝑹 of the Jet Component for the Different 

Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; G= 

Galaxies). 

In Figure 8, we displayed the plot of log 𝑇 against log 𝑅. For quasars, T 

indicated an inverse variation with R, for other classes (B and G), the variation 

is not properly defined, the plot exhibited a large scatter. 

Figure 9: Plot of log 𝑫 against log 𝑹 of the Jet Component for the Different 

Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; G= 

Galaxies). 

In the plot of log 𝐷  against log 𝑇 shown in Figure 9, the plot showed that there 

is a strong direct relation between sizes of the jet components and their distance 

from an assumed stationary core. This strong relation between 𝐷 and 𝑅 is 

expected in self-similarity model assumed for the evolution of radio sources.  
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Figure 10: Plot of log |𝑷𝑨 − 𝜽| against log 𝑹 of the Jet Component for the 

Different Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; 

G= Galaxies). 

In Figure 10, we displayed the plot of log |𝑃𝐴 − 𝜃| against log 𝑅 for the three 

classes of radio sources. There was no observable trend, though it seems that 

for the Q class, large jet components seems to be associated with large  |𝑷𝑨 −

𝜽|. 

Figure 11, Plot of log 𝜷𝒂 against log 𝑹 of the Jet Component for the 

Different Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; 

G= Galaxies). 
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The plot of log 𝛽𝑎 against log 𝑅 shown in figure 11, clearly indicates that large 

jet components which were found and greater distances from the core hard 

higher apparent expansion speed. This might be attributed to less density as jet 

component moves away from the core where ambient density is expected to be 

highest, they expanded freely in size and moved away from the core with higher 

apparent speed. 

Figure 12, Plot of log 𝑷 against log 𝑫 of the Jet Component for the Different 

Classes of Radio Sources. (See Legend B= BL Lac; Q = Quasars; G= 

Galaxies). 

 The plot of log 𝑃 againstlog 𝐷 shown in figure 12, indicated a positive 

correlation between the jet component luminosity and its distance from the 

stationary core for low redshift sources (B and G) but suggested a seemingly 

flat negative slope for Q class which are generally high redshift sources.  

 

Table 1. The Results of the Linear Regression fit to the log-log Plots of the 

jet Component parameters and the correlation coefficient 

 𝑃/𝐷 – The correlation between P and D is strong for the G radio sources, 

mild for the B class but none for the Q class. The relation between P and 

D seems positive for the B and G class but indicate and inverse for the Q 

class. 

i. 𝑃/|𝑃𝐴 − 𝜃| – For the different classes of radio sources, there was no form 

of relation between 𝑃 and|𝑃𝐴 − 𝜃|, with the value of the associated error 

higher than that of the slope. 
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ii. 𝑃/𝛽𝑎 – The correlation between 𝑃/𝛽𝑎 was mildly positive for the B and 

G classes of radio sources, while the result for Q class indicates no 

correlation.  

iii. 𝑅/𝑇 – The results shown in Table 4.2 indicated that 𝑅 correlated mildly 

inversely with 𝑇 for all the different classes of radio sources. 

iv. 𝑅/𝐷 – The 𝑅 − 𝐷 correlation is very strong and positive for all the classes 

of radio sources in our sample, this supports the assumption of self-

similarity in the evolution of radio sources. 

v. 𝑅/|𝑃𝐴 − 𝜃| – The correlation results indicated that there was no 

dependence between size and position angle for the jet components. 

vi. 𝑅/𝛽𝑎 – The correlation coefficient results suggest mildly strong positive 

correlation between the size and apparent speed for G and B classes of 

radio sources in our sample, but a mild correlation for the Q class. The 

values of the slope to the log-log fit indicated a low dependence of 𝑅/𝛽𝑎 

on each other. 

vii. 𝑇/𝐷 – The correlation coefficient results suggested that the jet components 

cooled as they move away from the core, though the linear fit results 

suggested low dependence (the slope and the associated error). 

viii. 𝑇/|𝑃𝐴 − 𝜃| – The correlation results indicated that there was no 

dependence between size and position angle for the jet components 

ix. 𝑇/𝛽𝑎 – The 𝑅/𝛽𝑎 correlation seems mildly negative, suggesting an inverse 

relation, which was similar for all the different sources, though the 

associated error in the slope indicated no form of relation. 

x. 𝐷/|𝑃𝐴 − 𝜃| – The 𝐷/|𝑃𝐴 − 𝜃| correlation coefficient results suggested a 

mild inverse relation for the B class, a mild direct relation for the G class, 

but no form of relation between 𝐷 and |𝑃𝐴 − 𝜃| for the Q class.  

xi. 𝐷/𝛽𝑎 – The fitting and the correlation coefficient results seemed to suggest 

that jet components closer to the core have less expansion speed, but was 

mildly strong for the B class, and only mild for the G and Q classes of 

radio sources.  

xii. 𝛽𝑎/|𝑃𝐴 − 𝜃| – The 𝛽𝑎/|𝑃𝐴 − 𝜃| correlation was generally negative for 

the jet component of the different classes of radio sources. 

xiii. 𝑃/𝑧 – The correlation positive and strong for B, G and Q, while the slope 

was steeper for B and G, it was flatter for Q. 
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xiv. 𝑅/𝑧 – The correlation is mildly positive for B and G (𝑟~0.5/0.7) with the 

slope steeper for the G class of radio sources than the B class, but no 

correlation for Q.  

xv. 𝑇/𝑧 – For the different classes of radio sources, 𝑇 showed no form of 

correlation with 𝑧. in general, 𝑟 ≤ 0.2. 

xvi. 𝑧/|𝑃𝐴 − 𝜃| – There seems some mild correlation between 𝑧/|𝑃𝐴 − 𝜃| for 

the G class, B and Q classes showed no form of correlation, with the slope 

seemingly negative for the B class but positive for both Q and G classes. 

xvii. 𝑧/𝛽𝑎 – For the B and G classes of radio sources,  𝛽𝑎 indicated very mild 

correlation with 𝑧, with a steeper slope for the B class, but no correlation 

for the Q class (the associated error in the slope has a higher value than the 

estimated slope). 

xviii. 𝑃/𝑅 – The jet components of B and G radio sources, 

indicated mild/strong correlation between the observed luminosity and the 

size, but display no such correlation for the Q class. 

xix. 𝑃/𝑇  - While there exist mild correlation between 𝑃 and 𝑇 for Q and G 

class of radio sources, the results in Table 4.2 indicated that P did not 

correlate with T for the G class of radio sources. 

 

Linear Regression Fit and Correlation Analysis 

In Figures 1 - 12, we showed the log-log scatter plots of the parameters of jet 

component with one another to study the forms of relationships between them, 

while the results of the linear fit to the log-log plot of observed jet component 

parameters were shown in Table 1. As expected there was a tight correlation 

between luminosity and redshift which indicated a steeper slope for low redshift 

sources than for high redshift sources (Alhassan et al.2013). The redshift – jet 

component size and projected distance from the core correlation was tight for 

radio galaxies, mildly strong for BL Lac but showed no correlation for quasars. 

At low redshifts (𝑧 <  0.3), where a vast majority of BL Lac and radio galaxies 

in current analyses are located, the strong  𝑃 − 𝑧 correlation is expected to 

swamp other effects, which became mild in the quasars, that was mainly located 

at higher redshifts (Alhassan et al.2013). If this is actually the case, the observed 

similarities between B and G subclasses can be understood in terms of their 

redshift locations. Furthermore, Onuora and Okoye (1983), pointed out that at 

low redshift, cosmological models used in estimating radio source parameter 
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may have little effect on the intrinsic properties of the radio source and would 

not have any significant effect on estimated values of radio source parameters 

than at higher redshifts.  We also noted the trend observed between 𝑧 and  𝛽𝑎, 

which followed trend similar redshift – luminosity/size/distance relation for the 

different classes of radio sources and shown in Table 1 

The luminosity, size and distance relation for low redshift sources is as expected 

(see Blundell et al.1999), and higher redshift intrinsic relations becomes 

difficult to model. This is because, though redshifts can be measured with some 

good precision, the derived distances, thus intrinsic properties, suffer from the 

factor of two uncertainties in Hubble’s constant(𝐻0), arising from the peculiar 

velocities of galaxies (~500 𝑘𝑚𝑠−1) in addition to their cosmological 

recession. This will introduce significant error in source distance with redshift 

𝑧 ≥ 0.1 (Leahy, 1991). We also point out that the isotropy of Hubble flow 

cannot be established with great accuracy to high redshifts (Sandage, 1987). 

Thus, at large redshifts, it is expected that different cosmological models can 

give significantly different values for observed parameters that depend on 

Hubble constant like radio source size, distance from the core and luminosity. 

For the luminosity – brightness temperature relation, it showed good correlation 

for sources that are highly variable (BL Lac) and for source with highest 

Doppler beaming/boosting factor (quasars) – see MOJAVE XVII 2019, (Lister 

et al. 2019), some of the object of these classes of radio sources were generally 

refer to as blazars. 

We note the strong positive correlation between jet component radio source size 

and projected distance from the core for all the classes of radio sources with 𝑟 ≥

0.8. This result supports the self-similarity model assumed in modeling the 

evolution of radio source in which jet components were expected to expand as 

they propagates away from the denser core environment (Komissarov and Falle, 

1997; Kaiser & Alexander, 1997; Kaiser et al., 1997). The observed brightness 

temperature – radio source jet component size and distance was also similar for 

all the classes of radio sources which arose from the inverse relation between 

size and brightness temperature (see equation 16) as well as the tight correlation 

between size and distance.   

Using |𝑃𝐴 − 𝜃| as a measure of non-ballistic motion in these radio sources, we 

noticed that non-ballistic motion limits the observe expansion speed. This was 

expected since for a jet component that is twisting and turning may appear 



 

 

International Journal of Pure and Applied Science  

Published by Cambridge Research and Publications 

 

                                                                      IJPAS ISSN-2743-6264 (Print) 
89 

Vol. 20 No.9 

March, 2021. 

stationary in the plane of the sky to a distance observer. Results from table 1, 

also indicated that non-ballistic motion was relatively higher in blazar 

especially BL Lac objects than radio galaxies.  

The correlation results in Table 1, show that at larger distances from the core, 

jet components had higher expansion speed. This was expected when one 

considered the King modified density profile of extragalactic radio sources 

(King, 1972). Within the inner core of the radio source, density was expected 

to be high and interactions with ambient materials will limit the speed of 

expansion, but was expected to brighten the radio jet component. Thus, we 

should expect higher speed as jet components emerged from the denser core and 

lower luminosity (this is seen in the 𝑃/𝐷 and 𝛽𝑎 /𝐷 of quasars), but we also 

noted that as sources expanded and increased in size, it will affect the volume 

of area producing the observed luminosity (see the 𝑃/𝑅 for radio galaxies and 

BL Lac). 

In general, the slope of the linear fit to the log-log plots of the jet component 

parameters against one another highlighted the strength of the relations between 

each pair of parameter while the associated error to the slope may be used as an 

indication of the scatter (weakness) in the relation. We noted here that the 

intercept may not have any statistical significance. The results shown in table 

1, showed that 𝑧/𝑃 relation is strong for the three classes of radio sources, 𝑧/𝑅, 

𝑧/𝛽𝑎 and 𝑧/𝐷 relations were strong for only radio galaxies and BL Lacs,  𝑧/𝑇 

seems strong for BL Lacs but with a lot of scatter. The results also suggested 

that all other pairs of relation are not strong. This was an indication of the 

complex relationships between the observed parameters of the jet components. 

 

SUMMERY AND CONCLUTION 

The statistical analysis of observable parameters of jet components of quasars, 

radio galaxies and BL Lac objects showed that quasars have highest luminosity 

with average luminosity as 〈𝑃〉~2.2 × 1025 𝑊𝐻𝑧−1, with highest brightness 

temperature highest 〈𝑃〉~2.7 × 1012 𝐾, redshift 〈𝑧〉~ 0.9, fastest  〈𝛽𝑎〉~, 

largest in size 〈𝑅〉~3.01 𝑝𝑐 and furthest from the core 〈𝐷〉~11.3 𝑝𝑐. From the 

absolute difference between the weighted mean position angle and the proper 

motion position angle |𝑃𝐴 − 𝜑| in degree, as a measure of the changing 

direction of the jet motion, the BL Lacs objects which were blazars had the 

largest changes in the assumed ballistic motion. In general, the relationship 

between the observable parameters are not strong and generally with a lot of 
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scatter except the 𝑃/𝑧 (with correlation coefficient of 𝑟 ≥ 0.6 for the three 

classes of radio sources and with very high values of index in the log-log 

relation of 3.5 ± 0.6 for quasars; 13.3 ± 0.6  for radio galaxies and 8.3 ± 0.6 

for BL Lac objects) and the 𝑅 − 𝐷 relation (with correlation coefficient of 𝑟 ≥
0.8 for the three classes of radio sources and with relatively low scatter in the 

index in the log-log relation of 0.6 ± 0.2 for quasars; 0.6 ± 0.3  for radio 

galaxies and 0.8 ± 0.2 for BL Lac objects). The strong 𝑅 − 𝐷 relation supports 

the self-similarity model assumed in the analysis of the evolution of radio 

source. 
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