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ABSTRACT

In this work, we use analytical methods to describe expansion of Extragalactic Radio Sources
(EGRS). Result shows that source size expansion depends on the following parameters: age of the
source, lobe internal pressure, ambient medium density, and angle of observation.

Moreover, from the analyses, we have shown that the obtained results, D, = (0.486t)vj and

D, = t\/?vj, suggestively implies that p, ~ 0.236p; and v, = 0.486v;. This shows that since % <1,
J J

jet internal pressure exceeds the lobe’s internal pressure. Therefore, for a typical EGRS, this simply
indicates that ambient medium density is higher in the jet region than in the region of the lobe. This
is expected since the ambient density thins out from the central core to the region where lobe is
located. It is in consonance with the notion that for large extended EGRS, lobes are located outside
the host galaxies rather than within the host galaxies. Moreover, we can conclude from these
results that compact steep spectrum sources have denser ambient medium than their more
extended counterparts.
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1. INTRODUCTION

Extragalactic radio sources (EGRS) are located
beyond the confines of our home galaxy — the
Milky Way. They are known to radiate more
copious amount of power in the radio frequencies
than in the optical frequencies [1]. This is defined
by the ratio of the two flux densities,
S5 chz/Sex105 guz > 10 [1]. They are made up of
radio galaxies, radio-loud quasars, BL Lacertae
objects, and compact steep spectrum sources
(CSS) [2—4]. Radio morphological structures of
these sources usually take 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 core, believed to
be the central engine [2]. This central core is
thought to be more or less coincident with the
nucleus of the host galaxy [3,5-7]. In some
sources, the lobes contain hotspots believed to
be the termination points of the jets [3,5-7].

Moreover, presence of jets in radio sources
simply suggests presence of gaseous ambient
media [5]. A number of hydrodynamic
simulations of jet propagations have been
performed to examine their physical state [5-6].
These studies show that jet materials have
smaller masses than those of the ambient
medium. This simply implies that jet materials are
most likely electrons.

Furthermore, Compact steep spectrum sources
(CSS) actually are full-fledged, but scale-down
versions of larger EGRS. Their properties are as
follows [8-9]: their observed linear sizes,
D < 20 kpc; they consist of both radio galaxies
and radio-loud quasars but on sub-galactic
dimensions; they show steep spectra (a =
0.5,S,~v§) at high frequencies (e.g. = 0.02 GHz)
from the entire radio morphological structures;
they have high radio Iluminosities, Psgy, =
102 w; and overall luminosities, P,,, = 1037 W.

In the literature, some authors have discussed on
the connection between CSS sources and the
more extended EGRS. As a result, there are
models for the evolution of CSS sources in the
literature. These include: Youth Scenario (i.e.
young evolving sources), Frustration Scenario
(i.e. sources confined by ambient dense gases),
Relativistic Beaming and Orientation Effects (i.e.
the source sizes are foreshortened by orientation
and projection effects) [8—10].

In this work, we use analytical methods with
some plausible assumptions to obtain a
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mathematical model that may explain the
expansion of these radio sources. Moreover, we
use observed data for empirical values. The
radio sources used in the analyses were
obtained from [11]. They are made up of 31
EGRS (radio galaxies) with linear sizes, D >
30 kpc. These sources are those whose jets
have estimated velocities from [12].

2. SOURCE GROWTH

In the standard beam model for EGRS, jets of
relativistic plasma are ejected from the parent
galaxy which plough their way through the
ambient medium until they terminate with strong
shocks (hotspots) which are thermalized to form
lobes [6]. The evolution of a radio source
component is therefore expected to depend
(among other factors) on the power supplied by
the core to the jet, the source age, and the
nature of the ambient medium through which it
propagates.

We may write lobe velocity kinematically as

v dt =dD, (€8]
where dt is the time frame at which the source
grows to the size dD, and v, is lobe velocity.
Assuming elastic collision between jet and lobe
(and a head-on collision, in which all the
velocities lie along the same line; i.e. angular
difference between the direction of initial velocity
and direction of final velocity is zero), we have
from energy conservation principle that

mvh + muf = mvh, + mpuh 2
where m; is mass of lobe, m;is mass of jet that
takes part in the collision with the lobe, v; is
velocity of jet, v, is velocity of lobe. The
subscripts “1” and “2” represent “before” and
“after” collisions respectively.

Similarly, from conservation of momentum, we
have
3

m;vj, + myy, = m;vj, + myvy,

For simplicity, let's assume that the velocity of
the lobe before the considered collision is zero.
Therefore, equations (2) and (3) yield

mvhy = mvh + muf, %
And
%)

mjvjl = mjij + mv,



respectively. Rearranging equation (4), gives

mp, = m; (Uj21 - vjzz) (6)
Also, rearranging equation (5) we obtain
mvy, = m;(v, — ;) @)

The quotient of equations (6) and (7) yields
®)

Vi, = le + sz

Combining equations (7) and (8), we have

my (v1 +vj2) = m(vj1 — ) 9

which implies that
m] —my

sz = mj T m ‘L7j1 (10)

Putting this in equation (8), gives
m] —my

Vp = v+ ———— Vjy 11
Or, we obtain

VL= m] + m vj ( )

where v, and v;; have been replaced with v,
and v; respectively. Simplifying further, we obtain
Uy = Uy (13)

ij
mj+ml

where u =

Putting equation (13) in equation (1), we obtain

dD, = uv;dt (14)
Considering the source kinematic age, t ,
equation (14) becomes
D, = uv;t (15)
It is worthy of notation that jet particles
decelerate as they collide with the particles of the
lobe [3,5-7]. Therefore Jet velocity is expected to
be greater than lobe velocity. Thus, we have

p<1 (16)
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This indicates that mass of jet is less than mass
of lobe.

3. SOURCE OBSERVING ANGLE

Here, we want to incorporate the angle of
observation; hence, we apply Relativistic
Beaming and Orientation Effects. This suggests
that the observed linear size (D) of the source
should relate with the angle of observation (¢)
according to the equation,

D=D,simp a7
Therefore combining equations (15) and (17), we
obtain

D = pvjtsinp (18)
Assuming ram-pressure balance between the
lobe and the ambient medium, we have [10,13]

P = nmyvf (19)
where 7 is particle number density of the source
ambient medium, m;, is hydrogen mass,
Combining equations (13), (18) and (19), we
have

2 0.5
D=t <—) si 20
) ST (20)
The last equation suggests that the observed
source size (D) depends on the source age (t),
lobe internal pressure (p;) , ambient particle

number density (1), and angle of observation

().

Furthermore, rewriting equation (19) for the jet
we obtain

pj = nmuv} (21
where the parameters have their usual

meanings. Combining equations (17) and (20),
intrinsic source linear size (D,,) becomes

0.5
D, ~t (i)
nmpy

(22)

Eliminating n from equations (21) and (22), we
have

D2 ~ t2 &v]-z (23)
pj

22



Combining this with equation (1), we obtain

szpj ~ szpl (24)
The last equation may be interpreted to mean
that jet internal pressure exceeds the lobes

internal pressure since % < 1. This implies that
J

ambient medium density is higher in jet region
than in the region of the lobe. This is expected
since the ambient density thins out from the
central core to the lobe [13]. It supports the idea
that lobes in the large extended EGRS are
located outside their host galaxies rather than
within the host galaxies [10].

Furthermore, from equation (1), we can show
that [14]

D, ~ (0.486t); (25)

Moreover, rewriting equation (23), we obtain

14
D=t |—v
-

Equations (25) and (26) are theoretical relations
for source size and jet velocity. Hence,
combining them, we have respectively, the ratio
of lobe pressure to jet pressure and the ratio of
lobe velocity to jet velocity, giving by

(26)

b 0.236 27
pj
7]
— ~ 0486 (28)
Yj

Equations (27) and (28) also show that jet
internal pressure exceeds the lobes internal

pressure and that §< 1 as seen earlier. This
J

also supports that ambient medium density is

higher in jet region than in the region of the lobe

Moreover, equations (25) and (26) suggest that
we can find these ratios from the linear
regression analysis of observed linear sizes of

the radio sources and their respective jet
velocities. Therefore, we carry out the analysis
(Fig. 1) using the aforementioned 31 radio
galaxies and obtained

LogD,, = 0.358Logv; + 19.14 (29)
The correlation coefficient, r =~ 0.4 . This is

marginal. Rearranging equation (29) yields
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D, ~ (1.51 x 10*%)v* (30)

The last relation may be referred to as an
empirical value for the D, — V; relationship. The
index, 0.4, which is absent in the theoretical
relations (i.e. equations (25) and (26)) may have
been present as a result of marginality in the
correlation (r = 0.4) of the data. This marginality
might have resulted from inconsideration of the
effects from other factors on which the source
sizesl/jet velocities depend. However, equating
the terms in the brackets in equations (25) and
(30), age of the radio sources is estimated to be
[14] t =~ 9.88 x 1011Yr

Rearranging equation (30), we obtain

D, ~ (1.51 x 10™)v; %y, (31)
Taking v; = 3¢ [15], where c is light speed, and
substituting for v; in v, equation (31) becomes

D, ~ (1.24 x 1014)17,- (32)
Combining equations (26) and (32), with the
estimated value of t substituted, we obtain

P 234 x 101 (33)
pj

This result is in dissention with equations (27)
and (28)! This disagreement between the
theoretical result and the empirical result (as
suggested earlier) may be attributable to the
dependability of the source size on other factors
in addition to jet speed and time.
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Fig. 1. The scatter plot of linear size against
jet velocity



4. DISCUSSION AND CONCLUSION

In the last section, we have used analytical
0.5
methods to obtain a relation, D ~ t(i) sin @,
nmy

that may describe expansion of EGRS
components through their ambient dense media.
The relation suggests that observed linear size
(D) of a typical EGRS depends on lobe internal
pressure (p;), time or age of the radio source (t),
source ambient media number density (), and
angle of observation ¢.

Moreover, from the analyses, we have shown
that the obtained relations, D, = (0.486t)v;and

D, = t\/?vj , suggestively implies that p, =
J

0.236p; and v, = 0.486v; . Which shows that
since %< 1, jet internal pressure exceeds the
J

lobe’s internal pressure. However, for this to be
satisfied, ambient medium density must be
higher in jet region than in the region of the lobe.
This is expected since the ambient density thins
out from the central core to the region where lobe
is located [16]. This supports the idea that for
larger EGRS, lobes are located outside the host
galaxies rather than within the host galaxies. In
conclusion, these results suggestively indicate
that, compact steep spectrum sources have
denser ambient medium than their more
extended counterparts.

Note that we have dropped our empirical result

(%x 2.34 x 1014) because it is not consistent
J

with the theoretical results. This outrageous

result might have resulted from inconsideration of

the effects from other factors on which the

source sizes/jet velocities depend.
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