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ABSTRACT

We use a large sample of radio sources to investigate the effects of evolution,
luminosity selection and radio source orientation in explaining the apparent devia-
tion of observed angular size - redshift (θ−z) relation of extragalactic radio sources
(EGRSs) from the standard model. We have fitted the observed θ − z data with
standard cosmological models based on a flat universe (Ω0 = 1). The size evolution
of EGRSs has been described as luminosity, temporal and orientation-dependent in
the form DP,z,φ ≈ P±q(1 + z)−m sinφ, with q = 0.3, φ = 59◦, m = −0.26 for radio
galaxies and q = −0.5, φ = 33◦, m = 3.1 for radio quasars respectively. Critical
points of luminosity, logPcrit = 26.33 WHz−1 and logDc = 2.51 kpc (316.23 kpc)
of the present sample of radio sources were also observed. All the results were found
to be consistent with the popular quasar/galaxy unification scheme.

RESUMEN

Empleamos una muestra grande de radiofuentes extragalácticas (EGRS) para
investigar los efectos evolutivos, de selección por luminosidad y de orientación sobre
la aparente desviación respecto al modelo estándar observada para relación tamaño
angular-corrimiento al rojo. Ajustamos los datos observados para θ−z con modelos
cosmológicos estándar basados en un universo plano (Ω0 = 1). Le evolución del
tamaño de los EGRS se describe como dependiente de la luminosidad, del tiempo
y de la orientación, en la forma DP,z,φ ≈ P±q(1 + z)−m sinφ con q = 0.3, φ = 59◦,
m = −0.26 para radiogalaxias y q = −0.5, φ = 33◦, m = 3.1 para radio cuasares. Se
observaron también puntos cŕıticos para la luminosidad, logPcrit = 26.33 WHz−1

y logDc = 2.51 kpc (316.23 kpc) en la muestra estudiada. Todos estos resultados
concuerdan con el modelo unificado cuasar/galaxia.

Key Words: galaxies: active — galaxies: evolution — galaxies: general

1. INTRODUCTION

The evolution of extragalactic radio sources
(EGRSs) in the universe to their present sizes or be-
tween different cosmological epochs is of great im-
portance in the study of their unification schemes.
This provides information on the nature of the radio
source together with its environment over cosmologi-
cal epochs, as well as on the “nature” (energy flowing
out of the central engine along the beam) and “nur-
ture” (the density or pressure of gas surrounding the
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sources) alternatives. “Nature” and “nurture” are
believed to govern the size evolution of extragalactic
radio sources (Smolcic et al., 2009). In these effects,
the radio sizes are expected to depend on the prod-
uct of a number of independent variables. Unifica-
tion schemes are the theoretical frameworks in which
different classes of EGRSs are explained as being de-
rived from the same parent population; observations
at varying orientations and/or different cosmological
epochs give rise to the apparent differences.

The cosmological evolution model argues that the
similarities and/or differences in the observed prop-
erties of a given sample of EGRSs are due to evo-
lution of the source parameters with cosmological
epoch, defined by the redshift (z). There is a change
in the observed physical size with cosmological epoch

271



©
 C

o
p

y
ri

g
h

t 
2

0
1

8
: 
In

st
it
u

to
 d

e
 A

st
ro

n
o

m
ía

, 
U

n
iv

e
rs

id
a

d
 N

a
c

io
n

a
l A

u
tó

n
o

m
a

 d
e

 M
é

x
ic

o

272 ONAH ET AL.

as well as a linear size - redshift/radio luminosity
(D − z/P ) correlation in the relativistic phase for
the source angular diameter. The cosmological evo-
lution of both the radio size and luminosity can be
used to interpret the observed angular size - redshift
(θ − z ) data of extragalactic radio sources. Several
research works have been carried out on this evolu-
tion scenario using different samples of radio sources
and, in consequence, apparently inconsistent results
have been obtained.

It has been argued (Miley, 1968; Okoye & On-
uora, 1982) that for radio galaxies and quasars to
be unified, the observed θ − z relationship of radio
sources can be interpreted by a θ− z−1 relation. Al-
ternatively, the data can be effective with a linear
size - luminosity correlation (Masson, 1980). In this
sense, Okoye and Onuora (1982) suggested a linear
size (D) evolution of the form D ≈ (1+ z)k, depend-
ing on the value of the density parameter (Ω0). They
reported a value of the linear size evolution parame-
ter k in the range of 1 ≤ k ≤ 2, for both radio galax-
ies and quasars and opined that both extended steep
spectrum (ESS) radio galaxies and quasars undergo
similar size evolution. Oort et al (1987) obtained a
steeper linear size evolution in radio galaxies with
k = 3. Ubachukwu (1995) studied the implications
of intrinsic luminosity evolution with cosmological
epoch on the value of the density parameter (Ω0) and
evolution of radio sizes of EGRS and suggested that
a power law luminosity evolution model of the form
P ≈ (1+ z)β could be used to constrain the value of
Ω0. In fact, the author argued that, with a strong lu-
minosity evolution, the model yielded an upper limit
of Ω0 ≈ 0.5 Blundell et al. (1999) studied the trends
in luminosity, linear size, spectral index and redshift
of classical double radio sources from three complete
samples selected at successively fainter low radio fre-
quency flux limits. They decoupled the effects of
the tight correlation between redshift and luminos-
ity, which have hindered the interpretation of the re-
lationships between these four properties, and found
that spectral indices increased with linear size, with
a stronger dependence on radio luminosity than on
redshift, except at high gigahertz (GHz) frequencies.
Furthermore, the authors found that linear sizes de-
creased at higher redshift and argued that there was
an energy loss mechanism which caused decreasing
luminosity through the life of a source and hence,
suggested a “youth-redshift degeneracy” model for
these sources.

On the other hand, Snellen et al. (2000) pre-
dicted that there was a difference in slope of giga-
hertz peaked spectrum (GPS) luminosity functions

due to the luminosity evolution of the individual
sources and argued that this in turn affected the cos-
mological evolution of the objects. They suggested
that GPS sources had a strong positive (β > 0) lu-
minosity evolution, while large-scale sources had a
negative (β < 0) luminosity evolution. Goodlet &
Kaiser (2005) investigated trends of the polarization
properties with fundamental parameters such as ra-
dio redshift, luminosity and linear size. They found a
weak anti-correlation between radio luminosity and
the linear size of the inclusive sample and concluded
that radio-loud AGNs at high radio luminosity were
located in more turbulent environments than their
low-luminosity counterparts. More recently, Aird et
al. (2010) studied the luminosity-linear size (P – D)
track of EGRSs and found that the evolution param-
eter appeared to differ remarkably over wide redshift
regimes. In particular, Massardi et al. (2010) ar-
gued that negative evolution occured mostly in high
redshift sources. Drawing from all these studies, it
can therefore be concluded that both linear size and
luminosity of EGRSs undergo some forms of cosmo-
logical evolution and, perhaps, in turn, could be used
to interpret the data of radio sources.

In this paper, we interpret the observed θ − z
data of radio sources in terms of combined effects of
linear size evolution, temporal evolution, luminosity
selection and source orientation.

The sample used in the paper is based on
the large database of 1038 edge-brightened dou-
ble EGRSs taken from Nilsson (1998). The sam-
ple of Nilsson (1998) is composed of two major
sub-classes of the EGRSs, namely, 365 quasars and
544 radio galaxies, with 129 optically unidentified
objects. However, out of the 909 identified ob-
jects, there are 486 sources whose properties have
been defined as Compact Steep Spectrum (CSS)
(e.g Ubachukwu, 1995) with D ≤ 15 kpc; α > 0.5,
P178MHz ≥ 1025 WHz−1. These CSS sources and
the 129 unidentified objects were excluded from the
present study, since they are believed to belong to a
different class of objects with different cosmic evo-
lution. This was done in order to minimize any
bias which their presence could introduce into the
analyses. It has been suggested (e.g Van Breudel
et al., 1984) that the combination of compactness
and steep spectrum in the CSS objects was indeed
due to a strong interaction of the emitting plasma
with the intergalactic medium. Fanti et al. (1990)
and Saikia et al. (1995) argued that CSS small na-
ture appears to be determined by their environments
rather than by orientation. Thus, there are 423 ob-
jects in the final sample, comprising 173 galaxies and
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EVOLUTION OF EXTRAGALACTIC RADIO SOURCES 273

250 quasars. Nilsson (1998) provides flux informa-
tion on the extended radio lobes and the core compo-
nents, overall linear extent and structural asymme-
try parameter of the objects in the sample, assum-
ing H0 = 50 kms−1 Mpc−1 and Ω0 = 1.0 cosmology.
However, for the analysis in this paper, all informa-
tion has been adjusted to the current value of the
Hubble’s parameter: H0 =70 kms−1 Mpc−1. Simi-
larly, all radio luminosity values have been converted
to the standard unit of WHz−1. In § 2, the angular
size – redshift (θ−z) relation of radio sources is stud-
ied. Pure linear size evolution with cosmic epoch is
discussed in § 3, while § 4 examines the effects of lu-
minosity and temporal evolution. The radio source
orientation paradigm is studied in § 5 and finally, § 6
discusses the results.

2. ANGULAR SIZE – REDSHIFT (θ – Z)
RELATION

The angular size — redshift (θ - z) relation of
radio sources has been widely accepted in explain-
ing the evolution of extragalactic radio sources in an
expanding universe (e.g. Donoso et al. 2009). This
relation derives from the fact that the apparent an-
gular size of a source depends on some independent
variables via luminosity, distance, and the geome-
try of the universe. In the Friedmann–Robertson–
Walker universe, the angular size — redshift (θ - z)
relation of radio sources is given (e.g. Miley, 1968)
as

θ =
D(1 + z)2

dL
, (1)

where D is the linear size expressed in kpc and dL
is the luminosity distance which depends on H0 and
Ω0 according to the relation (e.g. Mattig, 1959):

dL =
2c

H0Ω2
0

{Ω0z + (Ω0 − 2)[(Ω0z − 1)
1

2 − 1]}, (2)

with c being the speed of light. Using equation (2)
in (1), assuming the simplest cosmology for a matter
dominated universe with Ω0 = Ωm = ΩΛ, where
ΩΛ = 0, we have,

θ =
DH0(1 + z)2

2c{(1 + z)−
√
1 + z}

. (3)

Equation (3) implies that for z < 1, θ decreases with
increasing z, while at z > 1, θ increases with increas-
ing z. In standard cosmology, the apparent angular
size (θ) of a radio source of proper linear size (D),
is expected to decrease with increasing redshift (z)
reaching a minimum at a certain value of z, depend-
ing on the value of density parameter (Ω0) and to

Fig. 1. Scatter plot of log theta (arc sec) versus log(1+z)
for all sources (squares) with median values (triangles)
superimposed.

increase thereafter. This relation has been severally
used in the past to constrain Ω0 for an assumed value
of the Hubble parameter (e.g. Okoye and Onuora
1982; Ubachukwu 1995).

To investigate the θ− z data of the current sam-
ple in the context of the inflationary universe, the
scatter plot of θ as a function of z is shown in Fig-
ure 1. However, Kapahi (1989) has shown that, in
general, the median values would be the best pa-
rameter for characterizing radio source properties,
since the cosmological interpretation of the distribu-
tions of these properties assumes that radio sources
are randomly distributed in space. Thus, the plot
of median value data in six redshift bins is super-
imposed on the plot in Figure 1. It can be deduced
from the median value data that, on average, the an-
gular size decreases sharply with increasing redshift
at low redshift but remains fairly constant at high
redshift. This observation apparently deviates from
the expectation of the standard model with any of
the different values of Ω0 (e.g Okoye and Onuora,
1982). This deviation can be explained using pure
linear size evolution (Okoye and Onuora, 1982), lu-
minosity selection/temporal evolution (Ubachukwu,
1995) and radio source orientation (Onuora, 1991).

3. PURE LINEAR SIZE EVOLUTION

Linear sizes of EGRSs have been found to evolve
with cosmological epoch (Miley, 1968; Gall et al.,
2011). Many authors (e.g Onuora and Okoye, 1983)
suggested that linear size evolution can possibly in-
terpret the deviation of θ−z data from the standard
Friedmann world models. The variation of the linear
size of extragalactic radio sources with redshift can
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274 ONAH ET AL.

Fig. 2. Scatter plot of logD (kpc)) versus z for all
sources (circles) with median values (filled squares) su-
perimposed.

be expressed (e.g Kapahi, 1975) as,

D = D0(1 + z)k, (4)

where D0 is the intrinsic linear size and depends on
the assumed cosmology. To investigate the D − z
data of the sample in the context of the inflation-
ary universe, the scatter plot of D as a function
of z is shown in Figure 2. The plot of median
value data in six redshift bins is superimposed on
the figure. It can be deduced from the median
value data in Figure 2 that on average, the linear
size increases with increasing redshift up to a value
logDc = 2.5 kpc (Dc = 316.23 kpc) at zc = 1, af-
ter which it decreases with increasing redshift. This
can be interpreted to mean that the present data is
consistent with the inflationary model of the uni-
verse (Ω0 = 1). The regression analyses yield:
logD = 2.37 kpc + 0.003 logP (WHz−1), with r =
0.04, and logD = 2.67 kpc−1.59 logP (WHz−1),
with r ≈ −0.6 for z < 1 and z ≥ 1 respectively. The
median values give a stronger trend with correlation
coefficients of +0.95 and −0.90 for z < 1 and z ≥ 1
respectively. The regression analyses for the D − z
data yield: logD = 2.55 kpc + 0.09 log (1 + z), with
r ≈ 0.12 and logD = −1.59 kpc +2.67 log (1 + z)
with r ≈ −0.5, for z < 1 and z ≥ 1 respectively.
Using equation (4) in (1) yields,

θ =
H0D0(1 + z)2−k

2c{(1 + z)−
√
1 + z}

. (5)

Equation (5) thus can be used to interpret the effect
of linear size evolution in the θ − z relation for any
radio source, where k is the amount of linear size evo-
lution required to provide a good fit to the observed
θ − z data for an assumed value of Ω0. It has bee
shown that for any assumed value of Ω, 1 ≤ k ≤ 2,
(Okoye and Onuora, 1982; Oort et al., 1987) is re-
quired to provide good fit to the observed θ− z data
of EGRS samples.

Fig. 3. log θmed − log (1+z) plot for the present sam-
ple with the standard cosmological model (curve A)
and a world model allowing for linear size evolution
(k = 1.0). Observed radio galaxies (filled squares) and
quasars (open squares).

The amount of linear size evolution needed to in-
terpret the present θ−z data in terms of the standard
cosmological model can be determined using Ω0 = 1,
on the supposition of inflationary universe (e.g Pee-
bles, 1988), superimposed on the observed θ−z plot,
and allowing for linear size evolution (cf equation 5)
as shown in Figure 3. It is seen that a fairly good fit
to the data can be obtained for k = 1.0, shown with
the dotted curve in Figure 3. Hence, for an inflation-
ary universe, the observed θ − z data of EGRSs can
also be explained in terms of the standard cosmolog-
ical model by linear size evolution; this suggests that
radio galaxy and quasars are derived from the same
parent population of radio sources and can be uni-
fied using the same amount of linear size evolution
with k = 1.0.

4. LUMINOSITY SELECTION EFFECT AND
TEMPORAL EVOLUTION

The variation of θ−z relation from any standard
model can also be explained by invoking the luminos-
ity selection effect (Ubachukwu, 1995) and a tempo-
ral evolution frame work (Masson, 1980). Hence, it
follows that luminosity selection effect and temporal
evolution are inherent in the size evolution of extra-
galactic radio sources. The linear size – luminosity
(D − P ) relation can be expressed as a general power
law of the form (e.g Masson, 1980; Aird et al., 2010)

D = D0P
±q, (6)

where D0 is a constant and q is the slope represent-
ing the temporal evolution parameter. To model the
temporal evolution of the sample, the projected lin-
ear size (D) is plotted against the radio luminosity
(P ) in Figure 4. Similarly, the median value data in
nine uniform luminosity bins are superimposed on
the plot.
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EVOLUTION OF EXTRAGALACTIC RADIO SOURCES 275

Fig. 4. Scatterplot of logD (kpc) versus logP (WHz−1) for both sources with P < Pcrit (open circle), P ≥ Pcrit (filled
square) and median (filled triangle) values superimposed.

There is a general trend by which the lin-
ear size first increases with increasing luminos-
ity up to a certain value and thereafter de-
creases. This trend is quite obvious in the me-
dian value data. The median value data suggest
that the turnover occurs at critical point of lu-
minosity, logPcrit = 26.33WHz−1 and logDc =
2.51 kpc (316.23 kpc). The regression analyses
yield: logD = 4.91 kpc + 0.29 logP (WHz−1), with
r ≈ 0.21 and logD = 6.48 kpc − 0.53 logP (WHz−1)
with r ≈ −0.7 for P < Pcrit and P ≥ Pcrit respec-
tively. The regression analyses for the correspond-
ing D − z yield: logD = 2.51 kpc - 0.81 log (1+z);
r ≈ −0.05 and logD = 2.63 kpc - 1.50 log (1+z);
r ≈ −0.6 for P < Pcrit and P ≥ Pcrit respectively.
A summary of the results of the regression analysis
of the D − P , D − z and P − z data for sources
with P < Pcrit and P ≥ Pcrit , z < 1 and z ≥ 1 is
presented in Table 1.

For a more homogenous source sample, the lin-
ear sizes of extragalactic radio sources have been sug-
gested to separately depend on redshift and luminos-
ity according to equations (4) and (6) respectively.

However, there is a tight dependence of luminos-
ity on redshift due to Malquist bias, as:

P = P0(1 + z)β . (7)

The P−z plot of the sample is shown in Figure 5. It
can be observed that the plot shows a steep change
in the P−z slope at logPcrit = 26.33WHz−1 around
z ≈ 0.3. This Pcrit is the value of P in Figure 4 that
corresponds to Dc at zc ≈ 1. The fact that the Pcrit

value is consistent with zc ≈ 1 suggests that P −z of
the present sample is obtained by assuming Ω0 = 1,
on the supposition of an inflationary universe. In ef-
fect, luminosity – dependent linear size evolution is
envisaged. In the light of the above, the evolution

parameter, k is therefore expected to be a function
of both linear size evolution and luminosity selection
effects. Hence, the linear size evolution of extragalac-
tic radio sources can be written as a function of both
redshift and luminosity in a general form (Kapahi,
1989; Ubachukwu, 1995) as

D(p,z) ≈ P±q(1 + z)−m, (8)

where m is a parameter that measures the residual
cosmological evolution when the effect of luminosity
is eliminated.

The observed D − z relation can be expressed in
the form of equation (4) if the correlation is entirely
a result of luminosity selection effect in any source
sample, but if there is residual linear size evolution
(m) independent of the luminosity effect, it could
unambiguously be expressed (e.g. Ubachukwu and
Ogwo, 1998) as:

m = k ± qβ. (9)

Equation (9) gives the residual luminosity effect in-
dependent of cosmological evolution for any source
sample in which the luminosity effect dominates the
linear size evolution (e.g Ubachukwu, 1995). There-
fore, equation (9) suggests that the value of the prod-
uct qβ determines the amount of contributions to the
size evolution resulting from luminosity selection and
temporal evolution effects. The value and nature of
the product is fundamental in investigations of the
nature and amount of linear size evolution present
in radio source populations.

For a sample with high flux density limit,
1 ≤ k ≤ 2 would be required to interpret the θ − z
data (Okoye and Onuora, 1982). Alternatively, val-
ues of β appear to be similar for radio galaxies (ir-
respective of flux density limits) and quasars. On-
uora and Okoye (1983) found 3.7 ≤ β ≤ 4.4 for the
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TABLE 1

RESULTS OF THE D - P/Z AND P - Z REGRESSION ANALYSES

Parameters
D − P D − z P − z

D0 q r D0 k r P0 β r

P < Pcrit 4.91 +0.29 0.21 2.51 −0.81 −0.05 25.55 5.64 0.5

P ≥ Pcrit 6.48 −0.53 −0.7 2.63 −1.50 −0.6 26.42 2.20 0.8

z < 1 2.37 0.003 0.04 2.55 0.09 0.12 25.63 7.58 0.5

z ≥ 1 2.67 −1.59 −0.60 2.67 −1.59 −0.50 27.40 2.10 0.6

Fig. 5. Scatter plot of logP (W/Hz) versus log(1 + z) for all samples.

two bright samples they considered, depending on
the value of Ω0. Also, Ubachukwu et al. (1993)
found β ≈ 4.6 for the Kron et al. (1985) radio
galaxies (S1.4 ≥ 0.6mJy). The value of q, on the
other hand, appears to differ remarkably for radio
galaxies and quasars. In fact, it has been noted
that q ≈ 0.3 was obtained for radio galaxies that are
mostly located at low redshift (Kapahi, 1987), while
for radio quasars located at relatively high redshift,
q ≈ −0.64 (Barthel and Miley, 1988). Ubachukwu,
(1995) noted that q ≈ −0.5 for quasars from 30 ex-
tended quasars in the 3CR sources sample. In the
present analysis, for all radio sources at P < Pcrit

where radio galaxies are predominant, q ≈ 0.29,
while for sources located at P > Pcrit where quasars
dominate, q ≈ −0.53. This implies different values of
q for radio galaxies and quasars. It should therefore
be expected that the nature and amount of residual
size evolution needed to interpret the θ − z data,
independent of luminosity, should differ for radio
galaxies and quasars. Hence, assuming k = 1.0 (e.g
Okoye and Onuora, 1982) and β = 4.2 (Onuora and
Okoye, 1983) for radio galaxies and quasars, we find

q = 0.3 for radio galaxies and −0.5 for quasars. Con-
sequently, we find different values of m for the two
classes of objects (cf equation 9), namely m = −0.26
for radio galaxies and m = 3.1 for quasars.

Therefore, if D and P evolve as earlier predicted,
putting equation (7) into equation (6) yields:

D = D0P
±q
0 (1 + z)±qβ , (10)

so that using equation (10) in (1) yields,

θ =
θ0(1 + z)α

dL
, (11)

where θ0 = D0H0P
±q
0 /2c is the normalized angu-

lar size, and α = 2qβ is a parameter measuring the
nature and amount of temporal evolution and lumi-
nosity selection effects without any significant linear
size evolution.

To determine the amount of temporal evolution
needed to explain the present θ − z data in terms
of the standard cosmological model, the standard
model with Ω0 = 1 is superimposed on the observed
θ − z plots and, allowing for temporal evolution,
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(a) (b)

Fig. 6. (a) log θmed − log (1+z) plot for the present sample with standard cosmological model (curve A) and world
model allowing for temporal evolution, q = +0.3 for radio galaxies.
(b) log θmed − log (1+z) plot for the present sample with standard cosmological model (curve A) and world model
allowing for temporal evolution, q = −0.5 for quasars.

q = 0.3 for radio galaxies and q = −0.5 for quasars,
(cf equation 11) as shown in Figure 6a and Figure 6b
for radio galaxies and quasars respectively.

It could be seen that fairly good fits to the data
can be obtained for q = 0.3 and −0.5, shown with the
dotted line in Figure 6a and 6b respectively for radio
galaxies and quasars. Thus, the observed θ − z data
of EGRS can be explained in terms of the standard
cosmological model by temporal evolution indepen-
dent of a linear size evolution effect, which implies
that radio galaxy and quasars are essentially derived
from the same parent population, which evolves with
the same amount of temporal evolution.

5. RADIO SOURCE ORIENTATION

Radio source orientation can also be invoked to
interpret the observed θ−z departure from the stan-
dard Friedmann model (Onuora, 1991). Hence, if we
assume a random radio source orientation, the lin-
ear size of all radio sources lying at small angles to
the line of sight would appear foreshortened due to
projected effects in the form:

D = D0 sinφ, (12)

where D0 is the intrinsic linear size and φ is the
orientation angle. Thus, putting this equation (12)
into (1) gives (e.g Ubachukwu & Onuora, 1993) .

θ =
D0H0Ω

2(1 + z) sinφ

2c{(1 + z)−
√
1− z}

. (13)

Hence, for any world model, equation (13) can gen-
erally be expressed (e.g Ubachukwu & Onuora 1993)
as:

θ = θ0Az sinφ, (14)

where Az is a factor which depends on the assumed
cosmology and θ0 = D0H0Ω

2/2c is the normalized

angular size. Equation (14) gives the θ − z relation
for a radio source for which the orientation effect has
been admitted.

The observed median angular sizes as a function
of (1 + z) for the present sample, in six comparable
redshift bins are plotted in Figure 7. Assuming the
projection angles (φ) of 59◦ and 33◦ for radio galax-
ies and quasars respectively (Onah, 2014), which en-
abled the theoretical θ−z relation to be de-projected,
both the standard Friedmann model (curve A) and
the de-projected model normalized at z= 0.1, where
evolutionary effects are expected to be negligible, are
superimposed on the θ−z plot as shown in Figures 7a
and 7b. Obviously for Ω0 = 1, the observed θ − z
data of the present sample are fairly fitted by the
de-projected (doted curve) model.

6. DISCUSSION

In this paper, we investigated the effects of cos-
mological linear size evolution, luminosity selection
effects, temporal evolution frame work, and radio
source orientation paradigm to explain the depar-
ture of the angular size – redshift (θ − z) relation
of the present sample of EGRSs from the standard
model. We fitted the observed θ− z data with stan-
dard cosmological models based on a flat universe
(Ω = 1), on the supposition of an inflationary world
model (e.g Guth, 1981; Peebles, 1988).

Although the cosmological evolution of the linear
sizes of radio sources appears to be fairly well es-
tablished both theoretically (e.g Gopal-Krishna and
Witta, 1987) and observationally (e.g Oort et al.
1987), whether there is in addition luminosity and/or
space density evolution with cosmic epoch is yet
to be constrained unambiguously from the observed
data (Windhorst, 1984). Moreover, the amount of
linear size evolution required to explain the observed
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(a) (b)

Fig. 7. (a) log θmed − log (1+z) for the present sample with standard cosmological model (curve A) and de-projected
model (φ = 59◦) for radio galaxies.
(b) log θmed − log (1+z) plot for the present sample with standard cosmological model (curve A) and de-projected
model (φ = 33◦) for quasars.

θ−z data appears to depend on the flux density limit
of the sample used as well as on the assumed value
of the density parameter (Ω). Also, there appears
to be a statistical difference in the radio size dis-
tributions of radio galaxies and quasars (e.g Singal,
1993). However, the distributions of these param-
eters can coarsely be accommodated in the unified
schemes which posit that radio galaxies and quasars
are derived from the same parent population of ob-
jects (Okoye and Onuora 1982). It has been shown
(cf Figure 3) that the θ−z data of the present sample
of radio galaxies and quasars can be fairly well under-
stood in terms of the standard cosmological model
and the unification scheme if a linear size evolution
k = 1.0 is admitted.

Furthermore, luminosity selection effects and a
temporal evolution frame work were used to inter-
pret the θ−z departure from the standard model. In
most analyses, the usual assumption is that the cos-
mological and temporal evolution parameters, k and
q respectively, are the same everywhere in the P − z
plane. On the contrary, Ubachukwu et al. (1993) to-
gether with Ubachukwu and Ogwo (1998) suggested
that this assumption is true only above a certain red-
shift cut-off, zc = 0.3. However, even estimating the
D−z relation over some residual luminosity/redshift
range still leaves some residual luminosity effects in
the analyses (e.g Barthel and Miley, 1988). Using
equation (9), this luminosity effects on the D − z
correlations are easily eliminated. The present re-
sults suggest that the observed D − z correlation in
the sample studied could be largely attributed to lu-
minosity selection and temporal evolution effects. It
has been shown in the results that the D−z correla-
tions in the present sample is clearly dominated by
luminosity selection and temporal evolution effects.
In fact, the product of luminosity selection and tem-

poral evolution effects dominates the cosmological
evolution such that the observed θ − z relation can
be explained in terms of the product alone, without
invoking a significant linear size evolution. Neverthe-
less, it has been shown (cf Figures 6a and 6b) that
the observed θ − z data of the present sample can
be fairly well understood in terms of the standard
model if temporal evolution parameter with q = 0.3
for radio galaxies and q = −0.5 for quasars is admit-
ted. Singal (1993) and Ubachukwu (1995) suggested
that the observed θ − z data of a sample of radio
quasars could be explained in terms of luminosity
effects alone without any significant linear size evo-
lution. The present results are therefore consistent
with previous results. For the extended steep spec-
trum sources, it is believed that the product of lumi-
nosity selection and temporal evolution effects is very
strong and accounts largely for the observed D − z
correlations. Alternatively, it is shown in the results
(cf Figure 7a and 7b) that any linear size evolution
in the sample disappears when orientation effects are
corrected for by de-projection (D ≈ sinφ). Hence,
linear size evolution in the present sample also seems
to be orientation dependent.

Generally, the linear size evolution of the present
sample can be seen in the light of luminosity and ori-
entation dependence, so that an orientation – lumi-
nosity – dependent linear size evolution of the form

D(P,φ,z) ≈ P±q(1 + z)−m sinφ (15)

would be required to fully interpret the observed θ−z
data of EGRSs, with q = 0.3, φ = 59◦, m = −0.26
for radio galaxies and q = −0.5, φ = 33◦, m = 3.1 for
radio quasars respectively. All the results were found
to be consistent with the popular quasar/galaxy uni-
fication scheme. The unified scheme posits that these
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sources should all belong to the same parent popu-
lation of radio sources, the only difference between
them being a result of orientation, obscuration or
evolution. Hence, the observed differences between
radio galaxies and quasars could be a result of size
evolution, temporal evolution and radio source ori-
entation.

We thank the anonymous referee for invaluable
comments and suggestions that helped to improve
this manuscript.
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