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ABSTRACT

The 1390 Mc/s radiation from six intense sources was examined for linear polarization. Of the six
sources investigated, two were emission nebulae, two were remnants of galactic supernovae, and two
were extragalactic double sources.

A polarized component of 1 5 per cent was detected in the radiation from the Crab Nebula, and upper
limits were set for the polarization of the remaining five sources.

I. INTRODUCTION

It has been generally assumed that the non-thermal radio sources radiate by the “syn-
chrotron” process. Although the synchrotron radiation from individual electrons is lin-
early polarized to a high degree, the integrated emission from a radio source need not
necessarily be so. At the very least, a highly ordered magnetic field must exist within the
source.

The report “double” nature of many extragalactic radio sources (Moffet and Maltby
1961) suggests that some large-scale “ordering” force is at work, perhaps of a magnetic
nature. Under such conditions, linearly polarized radio emission might result.

At meter wavelengths, any linear polarization in the radiation from Cas A and Cygnus
A is less than 1 per cent, and for the Crab Nebula this limit is 2.5 per cent (Ryle and
Smith 1948; Brown, Palmer, and Thompson 1955). At centimeter wavelengths the pic-
ture is somewhat different. Many observers (Mayer, McCullough, and Sloanaker 1957;
Kuz’'min and Udal’tsov 1959; Altenhoff, Mezger, Strassl, Wendker, and Westerhout
1960) have shown the Crab Nebula to be polarized in the 3- and 10-cm regions. In the
neighborhood of 21 cm, Davies (1958) and Westerhout (1956) have set upper limits of
about 1 per cent to the polarized radiation from this source and also for Cas A. Barat,
Lequeux, and LeRoux (1960) have reached similar conclusions for Cas A, Cygnus A, and
the Crab Nebula but suggest that M87 may be polarized to the extent of a few per cent.
Most recently, Mayer, McCullough, and Sloanaker (1962) have detected about 8 per cent
linear polarization in the radiation from Cygnus A at 3.15 cm and less than 1 per cent at
10 cm. This paper describes a search for linear polarization in the 1390 Mc/s radiation
from six intense radio sources, two of which—Cygnus A and M87—are ‘“double” and
extragalactic.

II. METHOD OF MEASUREMENT

The two 90-foot antennas at Caltech’s Owens Valley Observatory were used as an in-
terference polarimeter. Each antenna was illuminated by a linearly polarized feed horn.
These two feed horns could be rotated in position angle about the axes of the paraboloids,
one (4) manually to a series of fixed angles and the second (B) by remote control with
accurate indication of position angle (+ °).

The observations were taken by what 1s essentlally a null method. For a series of posi-
tions of the feed horn (4) the position angle 8 at which the feed horn (B) must be set for
minimum fringe amplitude was found. In principle, for an unpolarized source of radiation
and with ideally linearly polarized feeds and perfect paraboloids, this minimum would be
zero. Furthermore, at this point (the “crossed’” position), the feed horns would be orthog-
onal. Any linear polarization in the radiation will shift the angle at which the movable
feed horn (B) must be positioned with respect to feed horn (4), for zero fringe amplitude.
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As the horn combination (4 and B) is now rotated, this shift, when small, will be a sinus-
oidal function of the position angle of the combination of horns 4 and B. The amplitude
of this sinusoidal shift gives the fractional polarization of the radiation, and its phase
gives the position angle of the polarization vector.

In practice, the combination of feed horn and paraboloid will have elliptical polariza-
tion. Also, owing to structural inaccuracies, the polarization ellipses of each antenna sys-
tem will also slowly distort and oscillate slightly about their mean orientations as the
feed horns are rotated. Consequently, the absolute relation between feed-horn orienta-
tion and the orientation of the polarization ellipse is unknown, and relative measure-
ments must be made. We must also anticipate that the polarization ellipse of each anten-
na system will slowly change shape and orientation as the reflector distorts under gravity.
This effect requires calibration through measures made on many sources. Furthermore,
at points off the axis of the main beam the polarization ellipse will, in general, be rotated
relative to its orientation on axis. Consequently, an unpolarized point source off-axis or
an unsymmetrical extended source may appear polarized when measured by the above
technique. The magnitude of such effects can be estimated from the cross-polarized dia-
gram of the two antennas in combination and was typically of the order of 0.2 per cent.

III. OBSERVATIONS

All the measurements described here were made at an antenna separation of 200/
north-south (=X 300) during June and October, 1961. The receiver was a superhetero-
dyne and responded to two side bands, each of band width 5 Mc/s, spaced +10 Mc/s
from the local oscillator frequency of 1390 Mc/s. The sources were observed close to
meridian transit, so that only variations in instrumental polarization with declination
needed to be considered. Before each polarization measurement, the individual antennas
were pointed at the source to within  minute of arc. The “crossed” feed-horn position
was found by first locating positions of equal response a few degrees on each side of the
true position. It was then assumed that the “crossed” position was the mean of these two
values. To minimize the effect of possible gain variations, the positions of equal response
were determined in quick succession.

The observations fell into three groups, each of which was made with a different feed
system for the antennas. Since the cross-polarized diagram varied from feed system to
feed system, comparison of the three groups of observations provided a check on sys-
tematic effects due to “pointing” errors or to the finite extent of the radio sources studied.

IV. RESULTS AND THEIR INTERPRETATION

In examining the measurements for polarization, we have considered the variation of
the relative angle of 8 — 6 as a function of 6. Here 8 is the position angle of the mov-
able horn (B) and 6. is the same angle for a reference source. A sinusoidal variation of
6 — Ot with 3 period 90° then indicates linear polarization. Figure 1 shows the measure-
ments graphically for one group of observations made with cylindrical horn feeds. Here
the radio source in the Orion Nebula serves as the reference source.

From curves such as those in Figure 1, b, it is apparent that the mean of 6 — Oy,
varies from source to source, producing a vertical displacement. This suggests that there
is a differential rotation of the polarization ellipses of the two reflectors as they are moved
in declination from source to source.

For the sources Cygnus A, Cas A, the Orion Nebula, and M17, we can find no linear
polarization down to the limits given in Table 1, where polarization, fringe visibility, and
angular size (Maltby 1962; Maltby and Moffet 1962) are given for each source observed.
The other possible, but unlikely, interpretation is that these four sources are polarized at
the same position angle and to the same degree within the given limits. The Crab Nebula,
on the other hand, has a linear polarization of 1.5 + 0.2 per cent at position angle 92° +
4° (not corrected for ionospheric Faraday rotation).
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Fic. 1.—Illustrating the search for linear polarization in the 1390 Mc/s radiation from (a) the Crab
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TABLE 1

90°

RESULTS OF POLARIZATION MEASUREMENTS AT 1390 Mc/s

Source Vil;;anifl;;y Linear Polarization ;;;;%:i:;
Crab Nebula 0 80 1 540 2 per cent P.A. 92°+4° 317
Orion Nebula 0 61 <0 2 per cent 4'8
M17 0 55 <0 2 per cent 4’5
(P.A. 90°) (P.A. 90°)
M87 0 68 <0 35 per cent 6.5 halo
06 core
Cygnus A 0 97 <0 2 per cent 0’8
Cas A . 08 <0 25 per cent 3’8
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For the source M87 we have combined the three sets of observations in Figure 2. Small
corrections for the variation of instrumental polarization with declination have been
applied to render the three sets of observations equivalent. We find no definite evidence
for linear polarization greater than 0.35 per cent in the radiation from M87. No special
effort was made in the course of the measurements to detect circular polarization. How-
ever, any circular component in the radiation from these sources in excess of 0.5 per cent
would very likely have been noticed.

V. EXPERIMENTAL ERRORS

“Pointing errors” were less than 3’ and for the worst antenna feed systems used are
unlikely to have caused errors of more than 0208 in . On the average, there should be no
systematic errors due to this cause.

Table 1 shows that none of the sources studied had a diameter in excess of +2!5.
Again for the least favorable feed combination, the cross-polarized diagram had a linearly
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Fi1c. 2 —The three groups of measurements of the 1390 Mc/s radiation from M87

polarized response of not greater than 0.1 per cent at a distance of 2’5 from the on-axis
position. Taking the three groups of observations together, we conclude that there are
no appreciable systematic errors due to the finite extent of the sources. The effects of the
presence of sources other than the one under observation in the minor side lobes were
estimated from a knowledge of the off-axis characteristics of the antennas and found to be
negligible.

Only in the case of M87, did noise limit measurements; for the remaining sources the
limiting accuracy was set by small variations in the instrumental effects.

VI. DISCUSSION

The optical radiation from both M87 and the Crab Nebula has been shown to be
polarized. In the case of M87, although the polarization in the “knots” comprising the
jet is high, it seems unlikely that the over-all optical polarization is more than a few per
cent. Furthermore, it appears that the double source into which the core of M87 has been
resolved by Lequeux and Heidmann (1961) is larger than any optical feature in M87.
Consequently, there may be very little correspondence between the radio and optical
polarization characteristics of M87.

For the Crab Nebula we have compared our results with those of other workers in
Figure 3. There we have plotted fractional polarization and the position angle of the elec-
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tric vector as a function of wavelength squared. (This would seem an appropriate vari-
able for considerations involving the Faraday effect.) Mayer and Sloanaker (1959) have
shown that the change in position angle of the polarization of the radiation is not a rapid
function of wavelength in the region of 11 cm. In the light of their measurements, it seems
reasonable to assume that the change from 11 to 22 cm is only 50° and not nm + 50°.

The depolarization of the radiation at radio wavelengths from several causes has been
discussed at some length by Oort and Walraven (1956). The relationship of the degree
and the plane of polarization at a given radio wavelength to the corresponding average
values at optical wavelengths can be predicted only for models in which drastic assump-
tions have been made. If the rotation of the plane depicted in Figure 3 is due to Faraday
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Fic 3 —Polarization of the radiation from the Crab Nebula: (a) fractional polarization, and (b) posi-
tion angle, as a function of wavelength squared.

rotation in the interstellar space between the Crab Nebula and the earth, then the de-
polarization at the longer wavelengths occurs within the nebula itself. However, if the
rotation takes place within the nebula, the depolarization at a given wavelength as a
function of the rotation at that wavelength will depend on the inhomogeneities in the
magnetic field and in the electron distribution, as Pisarev (1960) has discussed. Further-
more, the distribution of the fast particles causing the radio radiation need not be the
same as that of those responsible for the optical radiation. In fact, the radio and optical
brightness distributions in the Crab Nebula are dissimilar, as Seeger and Westerhout
(1956) found at 400 Mc/s. In particular, a large fraction of the radio emission arises in
the outer parts of the nebula, where the magnetic field shows most variation. It seems
entirely possible that most of the depolarization shown in Figure 3 is due to this cause, as
has also been suggested by Kuz'min and Udal’tsov (1959). No other single mechanism
seems to be able to account for the rapid initial drop in polarization at the short radio
wavelengths, together with the tail at 22 cm and the comparatively small rotation of the
electric vector in going from optical wavelengths to 22 cm.
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