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ABSTRACT

Measurements of the wavelength dependence of the linear polarization of twenty-nine radio sources
have been compiled. It is confirmed that in the decimeter wavelength range the observed Faraday rota-
tion of the plane of polarization arises in the Galaxy. Although the magnetic field in the local spiral
arm must be highly ordered, the data do not allow a definite field configuration to be deduced. The
simple model due to Chandrasekhar and Fermi (1953) is shown to be untenable, however.

The hypothesis that depolarization at decimeter wavelengths is caused by differential Faraday
rotation in the Galaxy is rejected for lack of supporting evidence.

An inverse correlation between emissivity (or magnetic-field strength) and fractional polarization
at 10-cm wavelength is presented. This is interpreted as confirmation of the suggestion by Woltjer
(1962) that depolarization is produced by Faraday rotation effects within the radio sources themselves.
Sources with high magnetic fields will therefore only exhibit detectable polarization at centimeter
wavelengths. At these wavelengths they will have large depolarization rates and consequently large
rotation measures due to their internal Faraday rotation. Such sources, in contrast to the majority
of those studied hitherto, will therefore show poor correlation between rotation measure and galactic
latitude and an enhanced correlation with depolarization rate.

I. INTRODUCTION

Measurements of the linearly polarized radiation from radio sources have now been
made at a number of wavelengths (Mayer, McCullough, and Sloanaker 1962; Haddock
and Hobbs 1963; Rose, Bologna, and Sloanaker 1963; Gardner and Whiteoak 1963). At
the Owens Valley Observatory, California Institute of Technology, measurements have
been made at wavelengths of 10.6 cm, 18 cm, and 21.2 cm. The observations at 21.2 cm
have been described by Seielstad and Wilson (1963), and those at 10.6 cm by Seielstad,
Morris, and Radhakrishnan (1963). The values obtained at 18 ¢cm have been published
in a short note (Morris, Radhakrishnan, and Seielstad 1964a).

By combining all these data, information on the polarization characteristics of about
thirty sources becomes available for study. This is summarized in Table 1. The first
three columns give the source designation and its position in galactic coordinates. The
next four columns list the polarization properties of the sources. The remaining columns
give additional source properties which are of interest when discussing their linear
polarization. Footnotes serve to indicate the origin of the information.

II. DISCUSSION OF RESULTS
a) Faraday Rolation
The position angle of the electric vector of the polarized radiation from many sources
shows a linear variation with wavelength squared (Cooper and Price 1962; Morris and
Radhakrishnan 1963; Gardner and Whiteoak 1963). All the measurements of the posi-
tion angle have uncertainties of #, and this must be allowed for in calculating a rotation
measure. We have adhered, wherever possible, to the convention of Gardner and White-
oak (1963) in choosing the least steep straight-line fit from which to calculate the rota-
tion measure and the intrinsic polarization angle (the position angle extrapolated to
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zero wavelength). In some cases the choice of best fit is arbitrary, and we have tried to
indicate the resulting uncertainties by footnotes to Table 1.

From their study of the Faraday rotation of the radiation from Centaurus A, Cooper
and Price (1962) concluded that the rotation probably arose in its halo or in the Galaxy.
The more extensive data of Gardner and Whiteoak (1963) show a pronounced correlation
of rotation measure with galactic latitude. In Figure 1 we show a plot of rotation meas-
ure against galactic latitude (47) for those sources in Table 1 which have a detectable
polarization. Each source has been identified by its name, its 3C number (Edge, Shake-
shaft, McAdam, Baldwin, and Archer 1959), or by its designation in the catalog of Mills,
Slee, and Hill (1961). Once again the very pronounced variation with galactic latitude
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F16. 1.—The dependence of rotation measure on galactic latitude

can leave little doubt that the majority of the observed Faraday rotation must originate
within the Galaxy. Another striking feature of Figure 1 is the preponderance of sources
with positive rotation measure. Of the nineteen sources lying at distances in excess of 10°
from the galactic plane, at least fourteen have positive rotation measures.

We have examined the rotation-measure data for evidence of variations with galactic
longitude (/). In the first place, the very pronounced variation with latitude must be
allowed for. Division of the rotation measure by cosec 4 cos dX yields values which show
no obvious variation with galactic latitude. Consequently in Figure 2 we plot these
values against galactic longitude. No pronounced variation is apparent.

The magnitude of the observed rotation measures is not in conflict with theoretical
estimates of the effects produced within the Galaxy (Roberts 1962). However, the struc-
ture which the galactic magnetic field must possess to account for the Faraday rotation
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is not clear. The simple model proposed by Chandrasekhar and Fermi (1953) is ruled out
by the lack of any pronounced longitude variation. On the other hand, the excess of
sources with positive rotation measures and the systematic variation of rotation measure
with galactic latitude suggest that the direction of the magnetic field in the local spiral
arm is not as random as in the model of Spitzer (1962), for example. The existing data are
not sufficient to distinguish between the more complicated models involving “random
whirls” in the galactic plane (Davis and Greenstein 1951), or a helical structure as pro-
posed by Hoyle and Ireland (1961).

On the basis of simple models of radio sources, it is to be expected that the intrinsic
polarization angle of the linearly polarized radiation will bear some simple relation to
the magnetic-field arrangement in the radiating regions. The case of the ‘“double”
sources is particularly interesting, since they possess well-defined major and minor axes.
Gardner and Whiteoak (1963) have studied the difference between the intrinsic polariza-
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Fic. 2.—Illustration of the search for a relation between rotation measure and galactic longitude
(Im). A rudimentary correction for the dependence of rotation measure on galactic latitude (bm) has
been made by dividing the observed rotation measures by cos dT cosec 0.

tion angle and the position angle of the major axis of the double sources. They found a
clustering of values around 0° and 90°. The data in Table 1 show a tendency for clustering
around 90°, but there is no indication of any similar effect at 0°. This is illustrated in the
histogram of Figure 3. In many of the double sources the direction of polarization of the
two components is different (Morris et al. 1964b; Gardner and Whiteoak 1963), and the
physical significance of the resultant direction of polarization is not clear.

b) The Source Depolarization

It is not apparent that a universal function can be used to describe the variation of
fractional polarization with wavelength in all sources. It is possible to describe the gross
features of the depolarization characteristic of most sources by an exponential relation
between fractional polarization and wavelength. The slope of this relation is taken as a
measure of depolarization rate so that one source can be compared against another in
this respect. It is best considered as the mean depolarization rate in the range 10-30 cm.
The sixth column of Table 1 contains these values [10 d/d\ (logio m)].

Mechanisms proposed for the wavelength dependence of polarization fall into two

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1964ApJ...140...53S

J; - [TAD. 2. 538)

P

FT952A

nos
Ll
© HER.A
T
S 4
3 CEN. A
w 3
© 273
T2
g 270 1
S
=4

FORAJPIC.A 98 | 327 | 227 |cYGA| 33

0 10 20 30 40 50 60 70 80 90

INTRINSIC POL.ANGLE —PA. OF MAJOR AXIS
(degrees)
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Fic. 4.—Depolarization rate versus galactic latitude for those sources with measurable polarization
at decimeter wavelengths.
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groups: those which attribute the variations to effects within the individual sources or
regions surrounding them, and those in which Faraday depolarization is produced locally
in the Galaxy. As the test of the hypothesis of a galactic origin for the depolarization, we
have plotted in Figure 4 the observed depolarization rate against galactic latitude (5f)
for the sources in Table 1 which have measurable depolarization. No correlation is
evident. However, the values of depolarization rate are subject to large uncertainties,
and we have considered it worthwhile to test the fractional polarization at 21 cm for
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Fic. 5.—Fractional polarization (at 21 cm) versus galactic latitude for all sources observed

correlation with galactic latitude. Figure 5 shows that in this case also there is no
dependence on galactic latitude.

If a variation in rotation measure over the face of the sources (due to galactic effects,
as suggested by Gardner and Whiteoak [1963]) is solely responsible for the depolariza-
tion, then some dependence on the angular size of the radio source is to be expected. In
particular, if a source subtends a smaller solid angle than do the irregularities in rotation
measure, then it should exhibit no depolarization. This idea is tested in Figure 6. There
we have plotted the angular separation of the double sources against their measured
depolarization rate. Taken together, the above data give no support to the contention
that the source depolarization is produced in the Galaxy, and in the following we investi-
gate possible effects within the sources themselves.
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F16. 6.—The depolarization rate plotted against the angular separation of the components of the
double radio sources.
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F1c. 7.—The suggested inverse correlation between fractional polarization at 10.6 cm and calcu-
culated magnetic-field strength.
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The hypothesis that the observed depolarization occurs in the source itself, or close to
the source, can be tested by correlating the depolarization rate with other measured
properties of the sources. Since the Faraday rotation in a source will depend on its
magnetic-field strength and its electron content, we might expect a correlation between
these properties and the depolarization. For similar reasons correlations between de-
polarization and brightness temperature or emissivity might be expected.

In the case of the identified sources, values can be calculated for the emissivity of the
sources, and also for their magnetic-field strength (Burbidge 1956; Maltby, Matthews,
and Moffet 1963). The latter calculations rest on a number of questionable assumptions
which have been discussed by the authors cited. However, the present data do show
evidence of a relation between these parameters and the polarization of the sources. This
relation is best illustrated when the fractional polarization of the sources, as observed at
one wavelength, is plotted against calculated magnetic-field strength. Figure 7 is such a
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F1c. 8.—Fractional polarization at 10.6 cm versus volume for the identified sources
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plot for a wavelength of 10.6 cm and includes all the identified sources in Table 1. A
similar result is obtained at a wavelength of 21.2 cm. Since the magnetic-field values are
calculated from the other measured source properties, volume, luminosity, etc., the
question arises as to whether these measured properties would correlate equally well
with the polarization of the sources. Figure 8 illustrates that this is not so for the source
volume. Similar conclusions hold for the case of the source brightness temperature,
luminosity, and linear dimensions.

The correlation of the 10-cm polarization with emissivity (or magnetic field), together
with the lack of evidence for depolarization of the radiation during its path through the
Galaxy, strongly suggests that the depolarization occurs within the sources themselves.
Woltjer (1962) has concluded that variations of spectral index and field orientation
throughout the sources are unlikely to produce the observed depolarization, but that
Faraday rotation within the sources can easily produce the observed effects. In this case
the sources with high emissivity do indeed have large fields and high particle densities.
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Fic. 9.—A possible relationship between depolarization rate (in the wavelength range 10-30 cm)
and the calculated magnetic-field strength in the radio sources.
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We attribute their low polarization at decimeter wavelengths to the rapid depolarization
produced by their large internal Faraday rotation, rather than to inherently less-ordered
fields. In this case there should be a correlation between depolarization rate and calcu-
lated magnetic field (or emissivity), large fields implying large depolarization rates. In
Figure 9 we have plotted depolarization rate against calculated magnetic fields for the
identified sources in Table 1. There is some evidence that high fields and high rates of
depolarization are associated.

It should be pointed out that many of the sources with high calculated magnetic fields
like Hydra A, M87 (core), and 3C 295 do not show measurable polarization at decimeter
wavelengths. On the above hypothesis these sources should show measurable polariza-
tions and high depolarization rates at sufficiently short wavelengths and fall in the empty
region in Figure 9 in the neighborhood of Cygnus A. More sensitive measures at short
centimeter wavelengths are necessary to test this hypothesis.

The Faraday rotation within the sources themselves will make a contribution to the
observed rotation measure. For most of the sources with detectable polarization at
decimeter wavelengths, the small depolarization rates indicate internal rotation-measure
contributions which are small compared with those due to the Galaxy. Consequently it
has been possible to correlate rotation measure with galactic latitude as was shown above.
However, for sources like Cygnus A, which exhibit such high depolarization rates that
their polarization is only detectable at centimeter wavelengths, the internal Faraday
rotation is no longer negligible. For these sources, then, their rotation measures are likely
to have random signs and correlate with their depolarization rates rather than with
galactic latitude. In this manner it is quite possible to account for the extremely large
rotation measure (1200 radians/m?) observed for Cygnus A (Hollinger, Manella, and
Mayer 1963), especially when the already large galactic contribution (0% = 6°) is taken
into account. At the other extreme, 3C 286 shows undetectable depolarization and
Faraday rotation. Its galactic latitude of 81° precludes any galactic effects, and conse-
quently the Faraday rotation within the source itself must also be very small. The
arguments outlined above then suggest that 3C 286 has a small emissivity (and magnetic
field) in contrast to the other “quasi-stellar” radio sources. That this may be possible is
indicated by the measured angular size (=20"') of the ‘“halo” of 3C 286 (Allen, Ander-
son, Conway, Palmer, Reddish, and Rowson 1962) together with its probable distance
(Shklovsky 1963).

Our thanks are due to G. J. Stanley, director of the Owens Valley Radio Observatory,
for his continued encouragement. The work was done under U.S. Office of Naval Re-
search contract Nonr 220(19). In addition, during the writing of this paper one of the
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