
Chapter 6

Concluding Remarks

The principle objectives of this thesis were to test the unified scheme for radio galaxies
and quasars, and investigate the effects of environment and orientation on their observed
properties using both total intensity and linear polarization observations. The sample
for our study was selected from the MRC/1Jy complete sample (Kapahi et al. 1998a,
b). It consists of all quasars and a representative sample of FRII radio galaxies, all with
an angular size larger than about an arcmin. The lower cutoff on the angular size was
adopted for future polarization observations of these sources at lower frequencies with the
GMRT. The radio galaxies were chosen to have a similar redshift distribution to that of
the quasars. The sample includes 15 quasars and 27 radio galaxies. The radio-continuum
and linear-polarization observations of these sources were made at the Very Large Array
(VLA) at two frequencies in the L-band (1.4 and 1.7 GHz), and two frequencies in the
C-band (4.6 and 4.9 GHz). In addition, the sources were observed in total intensity in
the X-band (8.4 GHz) and U-band (15 GHz) to study the cores and hotspots. The L-, C-
and U-band observations were made with scaled arrays of the VLA so that the angular
resolution of the observations are similar. The X-band observations to detect the cores
were of higher angular resolution. In order to probe the environments of the galaxies we
also carried out narrow- and broad-band optical observations of a subset of our sample of
sources at Las Campanas Observatory, Chile using the 100-inch telescope.

Unified scheme and depolarization

We have investigated the effects of environment and orientation on the observed depo-
larization properties of the lobes in a matched sample of high-luminosity radio galaxies
and quasars between A 20 and 6 cm. We find that significant depolarization is usually
seen in only those lobes which are within about 300 kpc of the parent galaxy. Among
the 17 lobes in the entire sample which show significant depolarization with DP < 0.9,
15 are within 300 kpc from the parent galaxy. Comparing the depolarization on oppo-
site sides of the source, we find that the side which is closer to the parent galaxy shows

131



132	 CHAPTER 6. CONCLUDING REMARKS

significant depolarization. Of these 17 lobes where significant depolarization is seen, 13
lobes are closer to the parent galaxy compared to the lobe on the opposite side. The
ratio of the depolarization parameter of the nearer lobe to the farther one is <1 for 28 of
the 35 sources in the entire sample with reliable polarization information for both lobes,
which again suggests that the nearer lobe is more depolarized than the farther lobe. The
nearer component is also brighter in 26 of these 35 objects, suggesting that the nearer
component is advancing outwards through a denser environment which is responsible for
stronger depolarization and greater dissipation of energy. The depolarization asymmetry
of the lobes on opposite sides for galaxies and quasars shows that the latter are marginally
more asymmetric, consistent with the trend expected in the unified scheme. In our sam-
ple of sources the polarization properties of the lobes appear to be due to an asymmetric
environment on opposite sides of the parent optical object, as well as possibly due to
different orientations of the sources to the line of sight. The effects of the environment
dominate the depolarization asymmetry in galaxies while the effects of orientation are
seen in the quasars. Detailed information on the distribution of the depolarizing medium
from optical and X-ray observations, as well as detection of radio jets in these objects to
identify the approaching and receding components, should enable us the clarify further
the relative importance of the effects of an asymmetric environment and orientation.

We have made optical narrow- and broad-band images of some of these sources for
studying the environments around the radio galaxies and quasars and their effects on the
polarization and other radio properties. The emission line data is available only for four
galaxies and two quasars. However significant extended narrow-band emission is seen in
only one galaxy and one quasar. The emission line gas is elongated within about 30°
of the radio source axis in both cases, consistent with earlier studies on the orientation
of optical and radio emission in high-redshift galaxies (McCarthy 1993). However, the
radio lobes in both these sources do not show significant depolarization, and are well
beyond this emission line gas. It would be useful to observe our sample of sources in
detail to study the emission line gas distribution and also to study the possible cluster
environments around them.

Relativistic beaming in radio galaxies and quasars

We have determined the relative core strength and the radio spectra of the cores and
hotspots in our sample of radio galaxies and quasars from our multifrequency observations.
The median value of the fraction of emission from the core at an emitted frequency of 8
GHz, fc , is about 0.0015 and 0.09 for radio galaxies and quasars respectively, consistent
with the unified scheme. We could determine the spectra of only two galaxies in our
sample since most of them were not detected at a number of frequencies. However, the
spectra of the cores have been determined for all the quasars. A comparison of the spectral
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indices of the cores in our sample of lobe-dominated quasars with a matched sample of
core-dominated quasars shows that the high-frequency spectral index of these two classes
are significantly different. The optically thin part of the synchrotron spectra is seen at
a lower frequencies for lobe-dominated quasars compared to the core-dominated quasars,
due to larger Doppler blueshift in the cores of latter. The difference can be understood
in terms of Doppler effects and are consistent with the basic ideas of the unified scheme
for radio galaxies and quasars. The difference in the spectral indices of the hotspots
on opposite sides of the nucleus is larger for quasars compared to radio galaxies, the
median values of the difference being about 0.12 and 0.06 for quasars and radio galaxies
respectively. This difference could also be understood in terms of mild relativistic beaming
of the hotspots. The hotspots have a curved radio spectrum steepening towards higher
frequencies, possibly due to radiative losses. The difference is consistent with the unified
scheme for radio galaxies and quasars and yields an estimate of hotspot speeds in the range
of --, 0.2 to 0.5c. The information on the degree of spectral steepening close to hotspots
is rather limited. Although the spectra of the hotspots in Cygnus A have been studied in
some detail (Carilli et al. 1991), further high-resolution multi-frequency observations of
our sources as well as of other sources would be valuable.

The well-known strong correlation between spectral index and redshift/luminosity is
also seen in our sample when one considers the hotspot spectral indices. There is some
evidence of a flattening of this relationship beyond z--4, consistent with earlier studies.
Examining the low- and high-frequency spectral indices of the hotspots in our sample,
the observed correlation does not appear to be due to the effects of K-correction alone.
The difference in the low- and high-frequency spectral indices of the hotspots needs to
be determined reliably for a larger number of high-redshift (z>1) objects to clarify our
understanding of the observed cv—z relationship.

Giant radio sources

We have presented VLA observations of the giant quasars 0437-244 and 1025-229 from
the Molonglo Complete Sample. The quasar'0437-244 is the highest redshift giant quasar
known to date. These sources have well-defined FRII radio structure, possible one-sided
jets, no significant depolarization between 1365 and 4935 MHz and low rotation measure
(I RM I< 20 rad m- 2 ). We have compiled a sample of 53 known giant radio sources from
the literature, and have compared some of their properties with a complete sample of
3CR radio sources with sizes between 50 kpc and 1 Mpc to investigate the evolution of
giant sources, and test their consistency with the unified scheme for radio galaxies and
quasars. The power-linear size or P-D diagram for the 3CR and giant sources shows a
deficit of sources with radio luminosity greater than about 2 x 10 27 W Hz- 1 at 1.4 GHz and
sizes over a Mpc. A similar trend was noted earlier by Kaiser et al. (1997), and appears
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to be true for this much larger sample of giant sources selected from samples covering
a wide flux density range. The location of the giants in the P-D diagram suggests that
they have evolved from the smaller sources. Suggestions that they might be of similar
age to the smaller sources from spectral index studies should be treated with caution
because of the large number of uncertainties and assumptions in these estimates. The
equipartition magnetic field, B eg , is smaller than the equivalent magnetic field of the
microwave background radiation, B,,, for the giant sources, while the reverse is true for
the smaller sources. Thus inverse-Compton losses dominate for the giant radio sources,
while synchrotron radiation losses are more important for the smaller sources. This is
likely to severely limit the number of giant radio sources at large redshifts. We find an
inverse correlation between the degree of core prominence and total radio luminosity,
and show that the giant radio sources have similar core strengths to the smaller sources
when sources of similar total luminosity are considered. Although many of the giants
have stronger cores than the high-luminosity FRII radio sources (cf. Saikia & Kulkarni
1994), this is largely due to the inverse correlation between the degree of core prominence
and total radio luminosity, and does not necessarily indicate a higher nuclear activity or
more powerful central engine. The more prominent cores in the lower luminosity sources
is possibly due to greater dissipation of energy by the radio jet close to the nucleus.
The degree of collinearity for the giant radio sources is similar to that of the smaller
sources, suggesting that the steadiness of the axis is not the determining factor for the
formation of giant radio sources. The ratio of separation of the outer hotspots for the
giant sources appears marginally larger than the smaller-sized sources. This is somewhat
surprising and could be possibly due to interaction of the energy-carrying beams with
cluster-sized density gradients far from the parent galaxy. For 6 sources with radio jets,
the hotspot on the jet side is closer for 3 of the 4 galaxies and none of the two quasars.
This suggests that the environment plays a stronger role for galaxies while in quasars the
effects of orientation seem more significant. The giant quasars have more prominent cores,
one of which 4C34.47 exhibits superluminal motion and the cores of both quasars with
adequate data exhibit evidence of variability. Unlike the quasars, the radio cores of one
of the galaxies, NGC6251, exhibits no evidence of significant variability, while the other
NGC315 exhibits evidence of a flare around 1995 after maintaining a nearly constant flux
density for about 20 yr including the observations of Ekers et al. (1981). Although the
available data are very limited, these are consistent with the unified schemes for radio
galaxies and quasars. Besides monitoring the cores, two other aspects of giant radio
sources which seem interesting to pursue further are briefly discussed below.

Discovering new giant radio sources: We have seen a sharp cutoff in the number
of giant radio sources above a linear size of 3 Mpc. Of the 53 giant radio sources in
our sample, only one source namely 3C236 has linear size larger than 3 Mpc. The non
detection of giants larger than 3 Mpc could be either due to selection effects or the
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evolution of radio sources on these scales. To distinguish between these scenarios, it is
itnportant to search for giant radio sources more than about 3 Mpc. Discovering more
more giant sources associated with quasars would be useful to test the unified scheme for
these large objects since only 5 such objects are presently known.

Giant Radio Sources and the IGM magnetic field: For probing the intergalactic
medium (IGM), a significant aspect of the giant radio sources is that their radio lobes
are well outside their parent galaxy environment and will be interacting directly with
the IGM. By studying the rotation measure and the depolarization of the lobes of giant
radio sources, it might be possible to get some estimate of the intergalactic magnetic
field. However, the possibility that giant radio sources may also be evolving through
environments with density gradients on these scales should be borne in mind.
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