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1. Introduction : radio structures and unification schemes 

Extragalactic radio sources associated with elliptical galaxies and 
quasars exhibit a rich variety of structures on scales ranging from < 
few parsecs to over a Mpc. The sources with extended ( >tens of kpc) 
structure are often classified into the low-luminosity FRI sources which 
usually have diffuse outer lobes, and the high luminosity FRII sources 
which tend to have bright hotspots at the outer edges. (Miley 1980; 
Bridle & Perley 1984). The FRI and II types differ in a number of other 
aspects as well such as the structure and magnetic field orientation in 
the radio jets, morphology of the parent optical galaxies and their 
environments (Bridle & Perley 1984; Lilly & Prestage 1987; Owen and 
Laing 1989). It therefore seems unlikely that the two FR classes either 
represent different phases in an evolutionary sequence or are caused by 
differences in orientation or the supply of energy to the outer lobes. 

Radio sources can also be classified into the lobe- or core-
dominated ones depending on the prominence of the subarcsecond nuclear 
component, also called the radio core. The cores usually have a flat 
spectrum (ft < 0.5 where S a v " 0 1 ) . Steep-spectrum cores or SSCs are also 
found, but are relatively rare (Saikia, Kulkarni & Porcas 1986). 
Considerable evidence now suggests that the bulk of the core-dominated 
sources are the normal lobe-dominated sources seen end-on. Early work 
on the unification of lobe and core-dominated FRII quasars (Orr & Browne 
1982; Kapahi & Saikia 1981, 1982) has been extended to include radio 
galaxies as well (Owen 1986; Scheuer 1987; Barthel 1989). On the other 
hand there have been a number of suggestions that the BL Lacs may be the 
relativistically beamed counterparts of the FRI sources (Browne 1983; 
Antonucci & Ulvestad 1985; Ulrich 1989). This idea has been extended to 
include the flat spectrum radio galaxies as well which possibly manifest 
themselves as BL lacs in the more extreme cases (Saikia et al. 1989, 
1990, in preparation). 

Another group of sources often discussed are the compact steep-
spectrum sources or CSSs which are defined to be 10 kpc and include 
the well known VLBI doubles (Phillips & Mutel 1982). Many of the CSSs 
are believed to be confined to small dimensions by a dense interstellar 
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medium (cf. Saikia 1988 for a review). In this review we concentrate on 
the polarization properties of the cores in extended sources, and the 
CSSs. For lack of space we do not discuss their variability 
characteristics as well as measurements of circular polarization, but 
refer the reader to the review by Saikia & Salter (1988). 

2. Integrated polarization of cores at radio wavelengths 

These studies are important in order to investigate the physical 
conditions in the nuclear regions, clarify any differences between 
different kinds of objects, and help understand the importance of 
orientation and relativistic motion in active nuclei. Strong cores and 
core-dominated sources have been studied by a number of authors but weak 
cores in extended sources have received very little attention largely 
because of observing difficulties. One of the most extensive 
multifrequency polarization studies of compact flat-spectrum sources 
showed that the median value of polarization is ^ 2 . 5 % between 1.4 and 
90 GHz independent of frequency (Jones et al. 1985; Rudnick et al. 
1985). High resolution observations of a large sample of compact radio 
sources with the VLA Α-array (Perley 1982) show that the median 
polarization for flat-spectrum cores in quasars is ~ 2 % at both 1.4 and 
5 GHz. (Saikia et al. 1985, 1987). Similar results have been reported 
by Rusk (1989). These studies do not imply frequency independence for 
the individual sources, but only for the median values. Although some 
sources show systematic trends with frequency (Rudnick et al. 1978), 
the frequency dependence is largely random. Polarization observations 
of variable quasars at 408 MHz (Conway et al. 1972) also suggest a 
median value of ~ 2 % . At these wavelengths, however, contamination by 
extended emission could be important, and it would be useful to 
investigate this aspect with high-resolution polarization mapping. 

Thus, there is no depolarization at radio and millimetre 
wavelengths that could be attributed to internal Faraday depolarization 
(Jones & O'Dell 1977c), decreased dominance of relatively unpolarized 
opaque regions (Jones & O'Dell 1977 a,b; Jones & Hardee 1979) or greater 
magnetic field ordering on smaller scales dominating the shorter 
wavelength emissions (Jones et al. 1985). The general observed 
polarization characteristics can be described by magnetic fields that 
are largely random but have a slight anisotropy (Jones et al. 1985). 
Numerical simulations of nearly steady, isothermal, constant-velocity 
jets that carry along magnetic fields with a Kolmogorov turbulence 
spectrum are capable of reproducing qualitatively many of the observed 
features (Jones 1986). 

Rudnick & Jones (1982) made multifrequency VLA observations of 40 
sources with α < 0.5 and noted that the source properties were related 
to their spectral shapes. The ones with complex spectra, which form the 
bulk of their sample, are highly variable, are ~>2% polarized, and have 
no evidence of depolarization. The simple-convex spectrum sources vary 
slightly, and are ^ 1 % polarized with no frequency dependence. The 
straight-spectrum sources are not variable and exhibit significant 
depolarization, reminescent of the CSSs which also show some evidence of 
depolarization (Saikia et al. 1985, 1987; van Breugel et al. 1984). 
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Saikia et al. (1985, 1987) found that the cores in quasars tend to 
be more strongly polarized at both 6 and 20 cm than those in galaxies or 
empty fields. This appears to be true for both FSCs and CSSs. Rusk 
(1989) has suggested this to be consistent with Rudnick & Jones' (1982) 
results since the spectral shape appears to be correlated with optical 
identification. Rudnick et al. (1986) reported a positive correlation 
between core radio luminosity and degree of polarization, and they 
suggested that this might be a possible explanation for the observed 
differences between galaxies and quasars. Saikia et al. (1987) found no 
evidence of such a correlation when the galaxies and quasars are 
considered separately, and for the small fraction whose core 
luminosities are similar, they again found a similar difference in core 
polarization between galaxies and quasars. High-resolution observations 
of cores in galaxies and quasars with similar redshift distributions and 
spectral shapes will help to clarify the situation further. 

3. Rotation Measures 

Rotation measure (RM) studies of compact cores could provide useful 
information on physical conditions in the vicinity of the active 
nucleus. However, such studies are complicated by the effects of 
opacity and variability. Some have tried to find long-term average 
position angle (PA) differences in variable sources (Wardle 1977), 
whereas Rudnick & Jones (1983) have tried to circumvent the problem by 
observing at sufficiently close wavelengths so that the radiation 
received is from the same electron population. These multifrequency 
observations have shown that the RMs of compact flat-spectrum sources 
are similar to other source^ in their vicinity, with any intrinsic 
contribution being <30 rad m 2. (Rudnick and Jones 1983; Rudnick et 
al. 1986; Saikia et al. 1985). Gillian Holmes and I have been studying 
the RMs of a sample of cores from observations at 20, 18, 6 and 2 cm. 
The 20, 18 and 6 cm data are usually consistent with a small valve of 
RM, although measurements between 18 and 6 cm would be useful for 
confirming this. The predicted value at 2 cm using this value of RM is 
often different from the observed value by more than the measurement 
errors. It is interesting that using higher frequency data, Wrobel 
(1987) and O'Dea (1989) have found a number of cores to have RMs of 
hundreds of rad m~ 2, the median value being <200 rad m (O'Dea 1989) 
These values of RM all suggest that there is no uniform dense medium in 
the vicinity of the nucleus capable of confining the broad-line clouds 
(Rudnick & Jones 1983; O'Dea 1989). They are consistent with magnetic 
confinement of emission-line clouds only if the field is very disordered 
and/or the electron density and path length overestimated in the 
intercloud region (O'Dea 1989). Saikia et al (1987) suggested that the 
low RM may be due to the small angle of inclination to the line of sight 
so that the radio emission from the nuclear jets or cores in these core-
dominated sources do not pass through the emission-line regions. If so, 
one might expect larger RMs for the cores in lobe-dominated sources 
believed to be at large angles to the line of sight. Although RMs for 
very weak-cored sources have not yet been determined, the tendency for 
the core polarization Ε-vector at 6 cm to be perpendicular to the radio 
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source axes of quasars (Section 6) suggests that their core RM is small. 
In the case of CSSs, Flatters (1987) found no evidence of a high RM 

in 3C380, while Saikia et al. (1985) noted a weak trend for a small 
sample of CSSs to have a higher RM than extended galaxies and quasars. 
More recently, Kato et al. (1987) and Aizu et al. (1990) have found a 
number of sources to have RMs > 1000 rad m~~2. They appear to be either 
CSSs or radio sources in cooling-flow clusters. 

4. VLBI polarimetry 

Besides the early observations of 3C454.3 by Cotton et al. (1984), most 
of the published results are from Roberts & Wardle. They have so far 
reported their results for 3C345, 3C120, 0735+178, BL Lac and 0J287 
(Wardle & Roberts 1986; Roberts et al. 1987; Wardle et al. 1986; Gabuzda 
et al. 1989). The cores are usually< 5% polarized, while the jets can 
approach values as high as 60%. It is interesting to note that Inoue 
(1977) arrived at somewhat similar results using multifrequency 
polarization data and total-intensity VLBI structural information. 
Changes in orientation of the Ε-vector along the VLBI jet are sometimes 
seen. Besides optical depth effects, this could also be due to different 
RMs for the different knots, changing relativistic aberration, twisted 
fields (Konigl & Choudhuri 1985) or evolution of the magnetic field. In 
the galaxy 3C84, which has an unpolarized subarcsec core (Perley 1982), 
no polarization has been detected from either component even on VLBI 
scales (Strom, private communication). 

5. Optical polarization characteristics 

At optical wavelengths, the polarization survey of bright quasars by 
Stockman et al. (1984) showed that the vast majority of these are< 2% 
polarized, with an average value of 0.6%, while ~ 1 % of the entire 
sample, and ^15% of the radio-selected quasars, are >3% polarized. The 
low-polarization quasars (LPQs) are at most mildly variable and appear 
to have similar distributions of the degree of polarization irrespective 
of whether they are radio or optically selected. In contrast, the 
high-polarization quasars (HPQs) often exhibit strong, rapid variability 
and resemble Lacertids in many of their characteristics. 

In a recent optical polarization survey of a complete sample of 
radio sources selected at 5 GHz, Impey & Tapia (1988) find that at 
least 40% of the sources are >3% polarized. In a similar survey by 
Fugmann & Meisenheimer (1988), about 60% of the flat-spectrum objects 
are > 5 % polarized while none of the 28 steep-spectrum objects are 
strongly polarized. Similar results have also been found by Wills et 
al. Since blazars have quiescent phases of low polarization, the 
fraction of blazars is bound to increase as repeat measurements are 
made. Besides accurate polarimetry, the high blazar success rate 
compared with the Stockman et al. survey is due to the large proportion 
of sources dominated by flat-spectrum cores (FSCs) in a sample selected 
at high radio frequency. This is also borne out by the fact that the 
sources with high polarization are those with the flattest spectra. 
Also, high-accuracy polarimetry by Impey et al. of the superluminal 
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quasar 3C273, which has always shown <0.5% polarization, has revealed a 
miniblazar containing <5% of the total optical flux. The close 
relationship between blazar activity and superluminal motion suggested 
by earlier work (Moore & Stockman 1981, 1984) has now become more 
apparent through improved optical and VLBI data. Impey .(1987) notes 
that atleast 70% of the superluminal sources are blazars. 

Meisenheimer (1990, in preparation ) has shown for his sample of 
flat spectrum quasars that the highest degree of polarization is seen 
for the fainter rather than the brightest quasars. This would be 
consistent with the behaviour of some sources such as OJ287 (Hagen-Thorn 
1980) which exhibit the highest polarizations when the object is 
optically faint. The decrease in polarization by either unpolarized 
features in the continuum spectra or different orientations of the field 
in the newly ejected components needs to be investigated. Photometric 
and Polarimetrie monitoring of a sample of objects would also be useful. 

Although there is a close relationship between high polarization, 
variability, and radio emission, a number of radio sources appear to 
exhibit high, but nearly constant, optical polarization. Nevertheless, 
they are usually included in list of blazars. Possible examples are 
3C66A, 3C68.1, 0521-365, 0752+258, and 1400+162. They tend to have 
weaker radio cores than do the strongly variable blazars (Saikia et al. 
1987). Among nearby galaxies, Bailey et al. (1986) find the nucleus of 
Cen A to be 9% polarized in the near-infrared and to exhibit blazar 
characteristics with the possible exception of violent variability. 
Other possible examples of low-luminosity blazar activity are IC5063 
(Axon et al. 1982; Hough et al. 1987) and NGC1052 (Rieke et al. 1982). 

The observed characteristics of blazars, especially their strong, 
rapid variability, are generally accepted as indicators that at both 
radio and optical/near infrared wavelengths, the radiation is 
synchrotron emission. On the other hand, the cause for the polarization 
of LPQs is not so clear. The optical polarization of Seyfert and radio 
galaxies is possibly largely due to scattering and is not discussed 
here. Among Seyferts, only NGC1275 (3C84) exhibits blazar-like 
characteristics but this object is not a typical Seyfert. 

Although there is no significant depolarization at radio 
wavelengths, it appears that the radio polarization of FSCs is much less 
than the observed optical polarization of blazars. For example, the 
median optical polarization from Angel & Stockman (1980) is close to 
10%, compared with 2% at radio wavelengths. Also the highest 
polarization found in the radio compendium of Aller et al. (1985) is 
15%, while blazar polarization often rises well above 30% in the 
optical/near infrared. 

6. Alignment of core polarization with radio structure 

One of the early results to emerge in the study of alignments was the 
discovery by Stockman et al. (1979) that the PAs of optical polarization 
in LPQs tend to be aligned with the extended radio structures. Hence, 
^opt J t n e acute angle formed by the optical polarization and radio 
axis, is ^ 0 ° . Moore & Stockman (1984) updated this correlation and 
hinted that there may be a bimodal distribution. For blazars, or more 

https://doi.org/10.1017/S0074180900190606 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900190606


390 

generally the FSCs, the polarization characteristics may be strongly 
variable, but a majority of them exhibit a preferred PA over successive 
outbursts. For such sources, A<t0pt is again »/0° (Wardle et al. 1984). 

At radio wavelengths, Saikia & Shastri (1984) found the core 
polarization PA at 6 cm to be orthogonal to the large-scale radio axis 
(A4>ra(j w 90° ) in a sample of lobe-dominated quasars that lie outside 
regions of large RM in the sky. A similar trend was also noticed in a 
small sample of galaxies (Antonucci 1984). Assuming that the effects of 
Faraday rotation are small, this implies that the magnetic field in the 
core, which is possibly associated with the VLBI-scale jets, is along 
the large-scale radio axis. However, for the core-dominated quasars 
which have smaller projected linear sizes than the lobe-dominated 
sources, they found no preferred value of A(|>rad and suggested that this 
may be due to their small angle of inclination to the line of sight. 

Further, several authors have noticed that the radio polarizatjon 
PA is orthogonal to the VLBI structural elongation, i.e.^rad-VLBI^^ 
Rusk & Seaquist (1985) and Rusk (1989) have confirmed this for a large 
sample. The distribution of A4>rad-VLBI could be bimodal, with a few 
sources having values close to 0 e (Aller et al. 1983; Jones et al. 
1985). This could be due to either the influence of synchrotron self-
absorption or shock compression of the magnetic field in the VLBI-scale 
jets. Rusk (1989) has found a greater likelihood for Lacertids to have 
Δφ ri-VTRT*^0· Unlike the radio polarization, the optical polarization PA 
in JLPQs and blazars tends to be aligned with the VLBI-scale structure 
(e.g. Rusk & Seaquist 1985; Rusk 1989; Impey 1987), but no such trend 
was seen for a small sample of 10 radio galaxies (Impey 1987). 

7. BL Lacs and HPQs 

Although the resemblance of some of the properties of BL lacs and HPQs 
has led to the general use of the term "blazars" for these two groups, 
there are a number of differences which suggest that they are possibly 
different kinds of objects. The well-known differences are the 
redshift distributions, consistent with that idea that the BL Lacs may 
be the beamed counterparts of the nearby FRI sources, and also their 
emission-line strengths, in spite of a few cases of strong emission 
lines in HPQs being swamped by the continuum. Rusk (1989) has 
highlighted the difference in the orientation of the core polarization 
vector relative to the VLBI axis. Worral (1988) has pointed out 
differences in their X-ray s s e x c e s s " . There has been evidence of 
differences in their radio variability (Ghosh and Gopal-Krishna 1989), 
Doppler factors estimated using synchrotron self-Compton models for 
their X-ray emission (Madau et al. 1987), and perhaps in their optical 
variability as well (Smith et al. 1988). We find that the 
distributions of their optical polarization (Angel & Stockman 1980; 
Fugmann & Meisenheimer 1988 and Impey & Tapia 1988) are also 
significantly different with the BL Lacs exhibiting much higher 
polarization. The median values of the distributions are about 7 and 
10% for the HPQs and BL Lacs respectively. A more detailed discussion 
of the differences between BL Lacs & HPQs including their 
polarization properties will be presented elsewhere. 
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CAMENZIND: S t a t i s t i c a l a n a l y s i s o f u n i f i e d schemes a r e u s u a l l y b a s e d on 
much t o o s imple mode l s o f r e l a t i v i s t i c j e t s . More r e a l i s t i c mode l s show 
tha t t h e r e is a d i s t r i b u t i o n in m a g n e t i c f i e l d s , L o r e n t z f a c t o r s , o p e n i n g 
ang l e s and t h e p r o p e r t i e s o f t h e amb ien t medium ( o n pc and kpc s c a l e ) . 
Is i t p o s s i b l e e .g . t o t e s t P. B a r t h e l ' s u n i f i e d scheme fo r quasa r s and 
FR II r a d i o g a l a x i e s ( 1 9 8 9 , A p . J . 336, 606)? 

S A I K I A : I a g r e e . T a k i n g i n t o a c c o u n t t h e d i s t r i b u t i o n s in t h e v a r i o u s 
p a r a m e t e r s w h i l e compar ing mode l p r e d i c t i o n s w i t h o b s e r v a t i o n s w h e n 
more and b e t t e r q u a l i t y da t a become a v a i l a b l e w o u l d o b v i o u s l y be t h e 
n e x t s t e p . T h e r e a r e a number o f p o s s i b l e t e s t s f o r t h e u n i f i e d scheme 
such as s p e c t r o p o l a r i m e t r i c o b s e r v a t i o n s o f g a l a x i e s t o l ook fo r t h e 
quasa r n u c l e i , s t u d i e s o f n a r r o w emis s ion l i n e p r o p e r t i e s , h o s t g a l a x i e s , 
r ad io s i z e d i s t r i b u t i o n s , c o r e s t r e n g t h s and d i s t o r t i o n s in r a d i o s t r u c -
tu re s . I b e l i e v e t h e scheme to be t rue a t some l e v e l . P e t e r B a r t h e l has 
d i scussed some o f t h e t e s t s in h i s pape r . I w o u l d a l s o r e f e r y o u t o t h e 
d i scuss ion b y Ian B r o w n e and P e t e r Scheue r in t h e p r o c e e d i n g s o f t h e Big 
Bear w o r k s h o p on Supe r lumina l Rad io Sources a f t e r P e t e r Scheue r i n t r o -
duced t h e i d e a . 

BIERMANN: Most quasa r s a re r a d i o - w e a k and so i t seems d i f f i c u l t t o 
bu i ld a u n i f i e d scheme b a s e d on r a d i o - s t r o n g o b j e c t s o n l y . Some v e r y 
e a r l y p a p e r s t r i e d t o combine t h e t w o e x t r e m e s o f r a d i o - s t r o n g and 
r a d i o - w e a k quasa r s . S e v e r a l r e c e n t p a p e r s on o p t i c a l l y s e l e c t e d quasa r s 
(Ch in i e t a l . , 1989, A s t r o n . A s t r o p h y s . 219 , 87; Sande r s e t a l . , 1989, 
p r e p r i n t ) shed some l i g h t on t h e p r o p e r t i e s o f t h e s e o b j e c t s . How do y o u 
f i t t h e r a d i o - w e a k q u a s a r s i n t o a u n i f i e d scheme? 

S A I K I A : U n i f i c a t i o n o f r a d i o - l o u d and r a d i o - w e a k quasa r s in t e rms o f 
m e r e l y g e o m e t r i c a l e f f e c t s is n o t g o i n g to be e a s y . I h a v e some t imes 
w o n d e r e d w h e t h e r t h e r a d i o - w e a k quasa r s h a v e v e r y ' w e a k ' j e t s compared 
t o t h e r a d i o - s t r o n g o n e s , s o m e w h a t r e m i n i s c e n t o f t h e d i f f e r e n c e b e t w e e n 
j e t s s e e n in e d g e - o n s p i r a l s and t h e p o w e r f u l e l l i p t i c a l g a l a x i e s . T h e 
r a d i o s t r u c t u r e s o f r a d i o - w e a k quasa r s o b s e r v e d w i t h h i g h a n g u l a r r e s o -
l u t i o n and s t u d i e s o f t h e hos t g a l a x i e s in r a d i o - loud and r a d i o - w e a k 
quasa r s wou ld be v e r y use fu l ( e . g . H u t c h i n g s , Janson and Nef f , 1989, 
A p . J . 342 , 6 6 0 ) . I t i s a l so i n t e r e s t i n g t h a t r a d i o - w e a k q u a s a r s do n o t 
t e n d t o e x h i b i t b l a z a r a c t i v i t y , c o n s i s t e n t w i t h t h e i d e a o f ' w e a k ' j e t s . 

PERLEY: Joan Wrobe l has r e c e n t l y measu red t h e RM in t h e compac t co re 

d o m i n a t e d r a d i o sou rce 3C 3 7 1 . She f inds t h e RM o f t h e k p c - s c a l e j e t i s 

l e s s t h a n 10 r a d / m 2 , bu t t h a t o f t h e co re e x c e e d s 300 r a d / m 2 . 

S A I K I A : Chr is O'Dea and Joan W r o b e l ' s work , amongs t o t h e r s , h a v e shown 
a number o f sou rces t o h a v e RMs o f a f e w hundred r a d / m 2 u s ing o b s e r v a -
t i o n s a t w a v e l e n g t h s s m a l l e r t h a n abou t 6 cm. T h e s m a l l e r v a l u e s o f c o r e 
RM r e p o r t e d in t h e l i t e r a t u r e a re u s u a l l y from l o n g e r w a v e l e n g t h da t a . I t 
i s p o s s i b l e t h a t d i f f e r e n t f r e q u e n c i e s p ick up d i f f e r e n t c o m p o n e n t s w h i c h 
a re a t d i f f e r e n t l o c a t i o n s a l o n g a V L B I - s c a l e j e t . We n e e d a l o t more h i g h 
r e s o l u t i o n o b s e r v a t i o n s t o t r y and u n d e r s t a n d t h e s e p o s s i b l e v a r i a t i o n s in 
c o r e RM. T h i s is a l so i m p o r t a n t fo r u n d e r s t a n d i n g t h e c o r r e l a t i o n o f l o b e 
d e p o l a r i z a t i o n w i t h j e t s i d e d n e s s d i s c o v e r e d b y R o b e r t L a i n g ( 1 9 8 8 , 
N a t u r e 3 3 1 , 149) and Simon G a r r i n g t o n e t a l . ( 1 9 8 8 , N a t u r e 3 3 1 , 1 4 7 ) . 
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