On Size Evolution / Radiated Power of Extragalactic Radio
Sources and Implication

Abstract: We have applied in this work, statistical methods of analyses to find empirically some effect posed by source
expansion on radiated power of extragalactic radio sources. The subclasses of the sources used are radio-loud quasars and radio
galaxies. We have done this by carrying out linear regression analyses of observed source angular sizes (8) of the quasars
against their respective observed redshifts (z); as well as, observed source luminosities (P) against their respective observed
redshifts. For the quasars, result indicates that with good correlation coefficient (r = 0.5), observed angular size shows an
inverse relationship with observed redshift, and is given by 8~(1 + z)~1°. For the galaxies, the result indicates similar trend;
we obtain 8~(1 + z)~37, where r ~ 0.6 (which is also a good correlation). Moreover, on the P — z plane, we obtain a direct
relationship given by P~(1 + z)%%* for the quasars; where r =~ 0.8 (which is a good correlation). However, for the galaxies,
luminosity/redshift relationship is poor (with r = 0.1). This poor correlation may possibly have stemmed from lack of
observation of galaxies at high redshifts unlike observation of their quasar counterparts. The 68/z relationships for the quasars
and the galaxies simply indicate positive source size evolution with time. However, the converse is the case for P/z
relationship — it shows negative source luminosity evolution with time. These results suggestively indicate that extragalactic
radio sources, though small scaled at earlier epoch, were more powerful sources than what they are at present epoch. Their
luminosity/angular size relation is given by P~87%%1  Therefore, conclusively the results suggestively indicate that the
mechanisms of size evolution of these sources simply bring about diminution effect on their radiated power.
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1. Introduction the termination points of the radio jets; while the observed

jets are assumed to be the conduits through which the lobes

Extragalactic sources are sources that are located are fed with jet materials [1, 4,5]. Figure 1 shows the

beyond the confines of the Milky way galaxy —our home  schematic structure of a typical EGRS; while, Figure 2

galaxy. They can be classified into two groups; namely, shows Cygnus A — an example of EGRS.
active and non-active galaxies. The active galaxies are
further sub-divided into radio-loud sources and radio-quiet
sources. The radio-loud sources are generally referred to as
extragalactic radio sources (EGRS). They radiate more
copious amount of radio emission than their radio-quiet
counterparts. They are sources that have high radio
radiation to optical radiation ratio; and conventionally, it is
defined by, Ss guz/Sex1056uz > 10 (where S is flux density)
[1-11].

Based on their observed linear sizes, they have been

Lobe

classified into two sub-groups; namely, the large extended
sources — their observed linear sizes (D) are in the range,
D > 30 Kpc; and the compact steep spectrum sources —
whose observed linear sizes are less than 30 Kpc [1,2,4-6].
Usually, the radio morphology of the EGRS assumes the
form of two opposite sided relativistic jets of plasma that
connect the base of the accretion disc to two radio-emitting
lobes that sandwich the nucleus. The nucleus or central core
is believed to host a super massive blackhole and is taken to
be the central engine that fuels the activities that
characterize any active galaxy. [1-11]. In some sources, the

lobes contain hotspots which are generally assumed to be
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75 kms~*Mpc~1. This simply means that their linear sizes
extend into intergalactic media since the size of a typical
galaxy is around 30 Kpc [5]. Their radio luminosity is in
excess of 102°W at 5 GHz with bolometric luminosities
given as 103”W — which is still common with those of the

CSS sources [1,5].



Figure 2: Cygnus A— An EGRS.

Source: slideplayer.com

The CSS source is a sub-class of EGRS [12-19]. The
major difference between a typical CSS source and a large
extended EGRS is easily seen in their little sizes, even
though they are as powerful in radiation as the more
extended ones [12-19]. Generally, their spectral indices
show steep spectra (spectral index, a < 0.5, S, x v™%;
where S, is flux density). They are full-fledged radio
galaxies and quasars complete with jets and lobes [12-19]
(see Figures 1 and 2). They are normally seen at high
redshifts (usually, they tend to have redshift distribution of
z < 4), and are among high luminosity sources [12-19]. In
addition, it has been well mentioned in literature that
observation of jets in EGRS should mean presence of
gaseous ambient media [5,7,12,15]. Moreover, some
hydrodynamic simulations of jet propagations through the
source ambient media have been carried out in order to
study their observed properties [5—11]. These studies show
that jet materials have smaller masses than those of the
ambient medium. This simply implies that jet particles are
less massive particles; such as, electrons / and positrons. In
addition, Ezeugo and Ubachukwu [12] wrote on dynamical
evolution of CSS sources; and using the result, they
obtained estimates of their individual ambient medium
particle number densities. This shows that CSS sources are
surrounded by dense gases in their host galaxies.

In this paper, we use samples of extragalactic radio
sources to find empirically effects posed by source
expansion on their radiated power. The samples of EGRS
used in the analyses are obtained from Nilson (1998) [13].
They comprise 226 quasars and 276 radio galaxies.

2. Observed Source Angular Size and
Redshift (Quasars)

We carry out linear regression analysis of observed

source angular sizes, 6, of the quasars against their
corresponding observed redshifts, z, in the sample (Figure
3).
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Figure 3: The scatter plot of angular size against redshift
for the quasars

On the 6 — z plane (Figure 3), we obtain the relation:

Logd = —1.897Log(1 + z) + 1.785 (1)

with correlation coefficient, r = 0.5. The correlation is
good. We may transform equation (1) to obtain
0~(1+2)"%° (2)

This indicates an inverse power-law relationship between
angular size and redshift.

3. Luminosity and Redshift (Quasars)

Moreover, from luminosity/redshift (P — z) data for
the quasars (Figure 4), we obtain a relation given by
Log P = 0.039Log (1 + z) + 1.637 3)
(with good correlation coefficient given as r = 0.8), which
connects the source luminosity, P, and redshift, z .
Transforming the equation, we obtain
P~ 7004 (4)
This indicates that observed luminosity shows a direct
power-law function with observed redshift.
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Figure 4: The scatter plot of luminosity against redshift
for the quasars

4. Luminosity and Angular Size (Quasars)

Moreover, from luminosity/angular size (P — 0) data
for the quasars (Figure 5), we obtain a relation given by,
Log P = —0.007Log 6 + 1.658 (5)



The correlation is good and the value of its coefficient is
r = 0.6). The relation connects the source luminosity, P,
and angular size, 8. Transforming the equation, we obtain
p~g~001 (6)

This indicates that observed luminosity shows an inverse
power-law relationship with observed angular size — in
other words, it means that brighter sources appear smaller
in angular sizes than dimmer sources at the same epoch.
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Figure 5: The scatter plot of luminosity against angular
size for the quasars

5. Observed Angular Size and Redshift
(Radio Galaxies)

In addition to the foregoing, we obtain 8 — z data
(Figures 6) for the radio galaxies in our sample.
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Figure 6: The scatter plot of langular size against
redshift for the radio galaxies

We obtain a relation given by,

Log 6 = —3.728Log (1 + z) + 2.34 (7

The correlation is good and the value of its coefficient is
r = 0.6). The relation connects the source angular size and
redshift. Transforming the equation, we obtain
O~(1+2)737 (8)

This indicates that observed angular size shows an inverse
power-law relationship with observed redshift for the
galaxies.

However, there is poor correlation on the P — z plane
for the galaxies. The correlation coefficient is given by
r =~ 0.1. This poor correlation may possibly have stemmed
from lack of observation of galaxies at high redshifts unlike
observations of their quasar counterparts.

6. Discussion and Conclusion

We have carried out linear regression analyses of
observed source angular sizes, 6, of the quasars against
their corresponding observed redshifts, z, in our sample. On
the 6 — z plane (see Figure 3), we obtain the relation,
6~(1 + z)~° with good correlation coefficient, r = 0.5.
The expression indicates an inverse power-law relationship
between angular size and redshift.

Moreover, from luminosity/redshift (P — z) data for
the quasars (see Figure 4), we obtain a relation given by
P~(1 + z)%%4, Correlation coefficient is 0.8. This is a good
correlation and shows a direct relationship between source
luminosity and redshift.

Also, from luminosity/angular size (P — ) data for the
quasars (Figure 5), we obtain a relation given by, P~67%01,
The correlation is also good with coefficient, r = 0.6. The
relation connects the source luminosity and angular size. It
shows that observed luminosity has an inverse power-law
relationship with observed angular size. This, therefore,
may be interpreted to mean that sources with higher
radiated power appear smaller in angular sizes than those
with lower radiated power when they are observed at the
same epoch.

We also obtain 6 — z data (Figures 6) for the radio
galaxies in our sample. We obtain a relation given by,
6~(1 + z)~37. The correlation is good and the value of its
coefficient is 0.6. The relation connects the source angular
size and redshift. This indicates that observed angular size
shows an inverse power-law relationship with observed
redshift for the galaxies.

However, we observe poor correlation on the P — z
plane for the galaxies. The correlation coefficient is given
by r = 0.1. This poor correlation may possibly have
originated from lack of observation of galaxies at high
redshifts unlike observations their quasar counterparts.

The 0/z relationships for the quasars and the galaxies
simply suggest positive source size evolution with time



(since redshift relates inversely with time). However, the
converse is the case for P/z relationship — it shows negative
source luminosity evolution with time. These results
suggestively indicate that extragalactic radio sources,
though small scaled at earlier epoch, were more powerful
sources than what they are at present epoch. Their
luminosity/angular size relation is given by P~§70%01
Therefore in conclusion, we may state that the mechanisms
of size evolution of these sources simply bring about
diminution effect on their radiated power.
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