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ABSTRACT

The feasibility of the determination of polarization distributions over radio sources by variable
spacing interference polarimetry has been tested. The results of preliminary measurements for eight
strong sources are presented. The polarized region in the Crab Nebula at 10.6-cm wavelength is roughly
one-half the diameter of the unpolarized source. Both components of the central source in Centaurus A
are found to be linearly polarized, but with their planes of polarization at 44° to each other. The observa-
tions on five other double sources, 3C 270, Pictor A, Hercules A, 3C 353 and Cygnus A show evidence of
two or more polarized regions on each source with different preferred directions. M87, the galaxy with
the optically polarized ‘‘jet,” seems to have a polarized halo at 21 cm, whereas earlier measurements
at the same wavelength had indicated that the core was essentially unpolarized.

I. INTRODUCTION

In the preceding article (Morris, Radhakrishnan, and Seielstad 1964; hereinafter
referred to as “Paper I””) we give the expression for the response of a radio interferometer
in the general case when the feeds are differently polarized and mention some special
cases which find application in polarization measurements. Of particular interest in the
present investigation is the case of crossed linearly polarized antennas where the re-
sponse is

R(t) = k3[Q cos(¢r + ¢2) + Usin (¢ + ¢2) + 2 V].

Here ¢; and ¢» = (¢1 + 7/2) denote the angles subtended between the planes of polar-
ization of the antennas and the /-axis of the coordinate system defining the Stokes param-
eters, and Q, U, and V are the unnormalized Fourier transforms of the distributions of
the respective Stokes parameters over the source. The symbol % is a periodic term involv-
ing the interferometer base line, gain, instrumental constants, and also the sidereal rate.
Exact definitions are given in Paper I where the above response is obtained as a special
case of equation (8).

If no circularly polarized component of the radiation exists at any point in the radio
source, then ¥ = 0, and under these conditions the response reduces to R(f) = k 3Q
when ¢1 + ¢ = 0, and to k3 U when ¢, + ¢» = 7/2. Consequently observations made
at ¢1 + ¢2 = 0 and 7/2 can yield magnitudes for the values of Q and U without the
necessity for phase measurements. These magnitudes can still give valuable information
on the distributions of Q and U and enable a rudimentary reconstruction of them to be
made.

II. OBSERVATIONS

The present measurements are of apparent flux density made with crossed linearly
polarized feeds, one feed at the focus of each of the 90-foot Caltech antennas. We have
chosen as our coordinate system in which to measure the Stokes parameters Q and U
a system defined by measurements made at low resolution, that is, by single antenna
measurements. Hence the ‘“/”’ axis has been taken to be parallel to the electric vector of
the linearly polarized radiation as measured with a single antenna. According to this
definition for each source the coordinate system is oriented so that

Sq¢’ = mSy and Sy’ = 0,
560
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where m is the fractional linear polarization obtained by the single antenna measure-
ment, and .S7’ is the single-antenna value for the total flux density from the source.
- Under these conditions an observation made with the electric vectors of the two feeds
set at position angles (x + 45°) and (x — 45°), respectively, will yield an apparent flux

density given by
Q= SQ,@Q(SM s;’!) ’

where the position angle of the electric vector of the linearly polarized radiation from the
source is given as x by single antenna measurements, and ¢(ss, s,) is the complex
visibility function of the distribution of Q; s., s, are the x- and y-components of the
effective interferometer baseline measured in wavelengths, and S¢’ is the integrated flux
density in this distribution. If corresponding definitions apply to 8u(ss, s,) and Sv’,
then an observation of apparent flux density with feeds set at position angles of x and
x — 90° will similarly give
U= S’Ugy(é‘z, Sy) .

This assumes that there is no circularly polarized component in the radiation, an as-
sumption which cannot be checked easily for an extended source. For small diameter
sources the linearly polarized component and the circularly polarized component will
produce fringes in phase quadrature. In the general case, however, this will no longer be
true and a complete solution for V must be made. We have made the assumption
throughout that there is no circularly polarized component in the flux radiated by the
sources under investigation. If synchrotron emission by relativistic particles is the radiat-
ing mechanism, there seems to be some theoretical justification for this assumption
(Korchakov and Syrovat-skii 1962).

Measurements of the amplitudes of Q and U were obtained at a number of antenna
separations and at three frequencies. Tables 1 and 2 summarize these data. Unless it is
indicated to the contrary, all observations were made at meridian transit with the
antennas separated along an E.-W. baseline.

Table 1 includes data taken at 1420 Mc/s (21 cm) and at 1666 Mc/s (18 cm) in
September and October, 1962. The more extensive data taken at 2840 Mc/s (10.6 cm) in
November and December, 1962, are included in Table 2. In both tables the first column
" gives the source designation, and in the succeeding columns we give its total flux density,
St, as obtained by Kellermann (1963), the polarized flux density, S, obtained by multi-
plying this flux density by the fractional polarization as given by Gardner and Whiteoak
(1963), or in the case of Cygnus A, by Mayer, McCullough, and Sloanaker (1963). We
have also tabulated the position angle x found by these workers. The remaining columns
give our measurements of | Q| and | U| derived on the assumption that ¥ = 0. The flux-
density scale for these measurements has been established by observing a number of
small diameter sources for which Kellermann (1963) kindly provided us with flux densi-
ties. The list of calibrators consisted of 3C 147, 3C 161, 3C 196, 3C 286, 3C 295, and 3C
380, one or more of which were used at each of the frequencies of observation.

At each frequency the systematic error due to instrumental polarization was <0.5
per cent as measured with crossed feeds on an assumed unpolarized source such as Orion
A. Since the apparent fractional polarization corresponding to the values in Tables 1
and 2 is much greater than this, we have neglected any correction for instrumental po-
larization.

III. MODEL FITTING

In spite of the limited number of observations available, a number of interesting con-
clusions can be drawn by comparing the measured values with a few simple models. The
data taken at 2840 Mc/s are the fullest, and in Figures 1, 2, and 3 we present some of
these measurements of the sources in graphic form. We have plotted | Q| and | U] as a

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


http://adsabs.harvard.edu/abs/1964ApJ...139..560M

4+ 3[3UT INOH 4x

"(£961) J0AR

“H D ‘wonyeorunmuwod 23eauid pue (7961) I9YEUEO[S PUE ‘YSNO[MOIW ‘WAEW wolf #
‘woxya19y} uopejodiajur Aq
PUE (£96T) JEOINYM PUE IDUPILD) JO BIEP Y} WIOIJ PIALIIP ‘PIYBIIPUT ISTAIIY)O SSITU() Il

“IFUIPABM UID-CF"6 }E OPEWE SI9M STUSWILINSEIW IS,
1=(S/2) 2 W M 9501 X }

“Xng 1303 343

SE $)IUN SWeES 9y} UT paInseaw ‘APAndedsat ‘(,06 — X) “(X) pue (,£% — X) ‘(.$% + X) 38 spody
SY) UM poure}qo Isuodsdl IHPWOIRFIAIUT 3y} Jo Sepmyydwre 3y) aie 1] pue Q] *

Z0F0¥ | TO0F 0T o #0TF0LT | #TTFTTE | 00L 'V 34D
C0FST | €0+99'1 TOF ¥0| TO+ 01 TIT0F6LT | oF FoST c10+8e’1 €T 'V ¥H
N ‘1 60°0FS9°0 | SO'0OFE8'0 [ 8T'0FZS 0| 9T°0F #' 1| o€ Fo501 0+ 8'T 6C £6¢ D¢
€0F9¢ | €O0F 8| OTFS8T| OT+ €6 9" F L'F| OTFSL 6| of TSI %N.NH 1T | 0ST "'8C1S OON
) ‘| TO0F €0 |ST'0OFS90 | 400 F8I'0| L0°0F6C°0 | o8 +.801 2°0+88°0 o1 ) 0. D¢
#+CFE x+xCFO0T | O'TFET + S T+ 0 LT | ’ N ) | #o€ F.7ET &:H. 8'¢€C | 0CL ‘qer)
o ’ ) 1 9T°0F6S°T TOFIP 0 | o8 FoLIT | 70+ ST 8¢ 'V od
1 os §'s
} &nsua g
tyoor| n| oot} 3| fvoezt| | 1veest| B} o8| | xose| O \esz| | Negz| @) | o18uy JAnsuaq - 301N0g§
uornisod xng -[od [e10L

(389 -1sBq 21y suopjeredsg BUURUY [[V)

(WD 9°0T) S/OI 0F8T LV « |2 ANV 4|O| 40 SINTWAINSVAIN

¢ d1dVL

w019y} uorjeodidim Aq
pue (z961) 2911J pue 19doo) pue ‘(£96T) JL0IYM PUE ISUPIED) JO BIEP 3} WOIFPIALD §
"£061 ‘A30[0UY0R], JO SINJISUT BIUIOJ[RD) ‘S159Y} *(I Yd ‘UuBWB[PY ‘T N 1

1-(8/9) 2. W M 90T X 4

*XDp [210) 33 S€

SITUN SUIES 3Y) UT PIINSLIW 318 AT, "A[0A1I09dS3I ‘(,06 — X) (X) PUB (,§F — X) ‘(5% + X) 1e
Spesy 9y} M Paure)qo 95wodsal 1939W0IR3I2UTAY] Jo sepnyridure ay3 a1 [/] | pue ||

ST'OF¥S'0 | ST'0F68°0 oSTT | STOFLET L1 3 o _ _ : "0LT OF
EF L€ | 9CF ¥ET | JFFOF ¥F 78T | 092 T s'¢ TF S°9T | ofFoSLT 9F 7z | OIf "821S DON
€0+¥C'C COFLYT oS 402 7o+ LT 89 T0+S0°T | CTOFST'T oS +408 (AR a4 89 'V 101014
s s
§x §os §x §og
xort| | x| | 918uy L &ysuaq %hw_MaMQ xesz| | ez | | 38uy L &ysuaq ._..awﬂmnoﬁ
wonsod xnid ‘1od Ewa ontsog xug od | ot 2ow00g
S/ON 9991 S/OW 0T¥1

S/OW 999T ANV S/OIN OZFT LV «|2| ANV |D| 40 NOILVEVAES VNNILNY ‘M-"H 1004-007 V HLIM HAVIN SLNIWTINSVIWN

T 419VvVL

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


http://adsabs.harvard.edu/abs/1964ApJ...139..560M

) - 1397 “560M!

=)
£

L

RADIO SOURCES 563

inction of antenna separation in wavelengths. In addition, we show the values ob-
ined for the unpolarized radiation by other investigators (Moffet 1962; Lequeux 1962).

In general we note that for the “double” sources the measured values of | U| are not
; small as those obtained for the Crab Nebula, for instance. From this we conclude
iat the electric vector changes its orientation over these sources. On the other hand,
Q| varies in a similar manner to | I} for the unpolarized radiation and we conclude that
>th components of the double sources are linearly polarized but in different directions.
ence, as a first step in interpreting the data (and until more extensive data become
railable this is probably as far as we can profitably go), we have compared the observa-
ons of the “double” sources with simple double-source models for the distribution of
slarization. These models are assumed to have a Gaussian distribution of polarized
«diation with the electric vector having constant orientation in each component. In
able 3 we list the suggested parameters for these models. In the absence of phase meas-
-ements we can solve for the angle between the electric vectors of the radiation from the
vo sources and their relative polarized flux densities, but we cannot identify a position

CRAB NEBULA
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F16. 1.—Visibility amplitudes for three Stokes parameters of the radiation from the Crab Nebula.
| Q| and | U| are normalized to the zero spacing value of [I|. The curve through the measured values
| Q| corresponds to a Gaussian model of width 1!9 to half-intensity points in the E.-W. direction.
easurements in the neighborhood of S00\ are needed for | U| before a model can be attempted for the
stribution of that parameter. b, The visibility amplitude for the total intensity as measured at 21-cm
welength by Lequeux (1962).
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NGC 5128 (central)
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Fic. 2.—Visibility amplitudes for three Stokes parameters of the radiation from the central source
in NGC 5128 a, | Q| and | U| are normalized to the zero spacing value of |I|. The solid-line curves
correspond to a double Gaussian model having E.-W. diameters of 13 for the stronger polarized source
and <1’ for the weaker. Increasing the diameter of the weaker source to 1.3 leaves the | Q] curve rela-
tively unchanged but alters the | U| curve to the broken line. b, Taken from Moffet (1962).

APPARENT FRACTIONAL FLUX DENSITY

TABLE 3
POLARIZATION PROPERTIES OF THE DOUBLE SOURCES AT 2840 Mc/s
UNPOLARIZED RADIATION PoLARIZED RADIATION
SOURCE . Angle
Sep . Intensity
PA= Diameter Intens.xty Assumed Diameter Ratio betwee.n
90°) Ratio Sep 7 Electric
Vectors Ax
Pictor A* 4’6 2’ 476 12 60°
3C 270 . 4'7 27 1:1 47 e . 11 20°
NGC 5128 See text | See text 1:1 5’ 1’3 &<1'0 45 44°
3C 353 2’5 2:1 2’5 22 29°
Her A 179 14:1 .. See text | See text
Cygnus At 1159 1’6 14 60°

* The structure of this source may be complex (Moffet and Maltby 1962)
t Measurements were at 9 45-cm wavelength.
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angle with a particular source. The diameters quoted are those between half-intensity
points. For comparison we give the corresponding values for the unpolarized radiation
from Moffet (1962). In all cases the separation of the polarized componeénts of the
sources has been taken to be equal to that for the unpolarized components of the radia-
tion. In the case of NGC 5128 the data are sufficient for an estimate of the diameters of
the individual sources to be made. However, no reliable values can be deduced for the
remaining sources. In the case of Pictor A, NGC 5128 and 3C 270, limited observations
are available at additional frequencies which should indicate any gross changes in source
structure with frequency. As a test we have fitted simple double-point-source models to
these observations and we have solved for the intensities and position angles of the
polarized sources. It is quite conceivable that the polarized concentrations in extra-
galactic radio sources are not centered on the concentrations of total intensity, but lie in
between for example. Since we have no measurements of the phase of the transforms, we
have again assumed that the separation of the polarized sources is that of the unpolar-
ized ones and that it is not a function of frequency. The results are tabulated in Table 4.

3C353
r 10 b) UNPOLARIZED
3 RADIATION (3lcms)
2 o6}
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E 1 1 ) 1 | 1 L L I ]
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T 500 1000
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Fic. 3.—Visibility amplitudes for three Stokes parameters of the radiation from 3C 353. a, |Q| and
| U] are normalized to the zero spacing value of |I|. The curves correspond to a double-source model
having a ratio of 2 2:1 for the polarizéd fluxes and an angle of 29° between their planes of polarization.
The fit is relatively insensitive to the diameters chosen for the polarized sources (see text). b, Taken from
Moffet (1962).

APPARENT FRACTIONAL FLUX DENSITY
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There, Ax denotes the angle between the electric vectors of the two polarized components
and Z their intensity ratio. The discrepancy between the values for Ax given in Tables
3 and 4 for the source NGC 5128 arises since the values in Table 3 are for a model with
best fit to all available observations, whereas the values in Table 4 rely only on observa-
tions at zero antenna spacing and at =~300M\ antenna separation. In this method of
analysis we have similar data available at three frequencies.

IV. DISCUSSION OF RESULTS

Due to the errors involved, it is not clear whether the data of Table 4 can be taken as
evidence for a change of Ax with frequency. Any differential Faraday rotation between
the components must be <15 radians/m? Gardner and Whiteoak (1962) give a value of
~1rad/m? for the components of Fornax A. In the case of NGC 5128 the data of Cooper
and Price (1962) indicate that while the rotation measures of the two outer sources (~68
rad/m?)differby less than the errors, the average of the central sources has approximately
7 rad/m?less than the mean rotation measure of the outer sources. Since the central source
lies on the line joining the outer ones and is fairly close to one of them, it seems to us that
the difference in rotation measures could be due to ionized material close to the central
source itself. A variation in either the density of this material or the field across the

TABLE 4
POSSIBLE FREQUENCY VARIATIONS IN THE SOURCE PARAMETERS
NGC 5128 Picror A 3C 270
FREQUENCY
Ax V4 Ax VA Ax zZ
1420 Mc/s 17°+20° 5+2 42°+20° 34+1 e
1666 Mc/s 22°4+20° 5+2 62° +20° 16+1 30°+20° 31+15
2840 Mc/s 48° +-20° 442 60° +20° 11+0 4 13°+10° 11 .

region of the central source would then give rise to a change of Ax with frequency. How-
ever, if the absolute values of Ax at 2840 Mc/s are as large as indicated in the last
column of Table 3, then almost certainly the magnetic fields in the two components of
the sources are inclined to each other, since the total rotation from an infinite frequency
to 2840 Mc/s is much less than Ax in all cases except that of Cygnus A.

The disparity in the polarized intensities of the two components of the double sources
in Table 4 does show a tendency to increase with decreasing frequency, but even this
effect may merely be due to the experimental errors. More observations are needed to
settle these points. In the following section we give a few comments on the individual
sources.

V. NOTES ON INDIVIDUAL SOURCES
a) The Crab Nebula

In Figure 1 we have plotted |I| and | Q| for the Crab Nebula. The measurements of
| U] are too limited to justify drawing in a curve. It is of interest to note that at 1100\
the value of | Q| is comparable to that of |I| and the source has a very high apparent
percentage of polarization.

The observed components of | Q| are accounted for quite well by a single Gaussian
model whose E.-W. diameter to half intensity points is 1:9. This diameter is almost half
that of the unpolarized source (3/3) and practically identical in dimensions with the
central region that is strongly polarized optically (Oort and Walraven 1956). If one as-
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sumes that the N.-S. diameter is equal to the E.-W. diameter, then the percentage
polarization in the central region at 10.6 cm must be between 8 per cent and 10 per cent.
Soboleva, Prozorov, and Parijsky (1963) have recently reported that observations with
the Pulkova telescope at 3.2 cm reveal that the polarization at that frequency is confined
to a region of the order of 2’ and that the percentage in this region (17.5 per cent)
practically equals the averaged optical. It would appear, therefore, that within this
region where the polarization is confined, depolarization sets in somewhere between the
wavelengths of 3 and 10 cm, and not at much shorter wavelengths as might appear if
account is not taken of the changing size of the nebula with wavelength.

b) NGC 5128

1t has previously been found by Bracewell, Cooper, and Cousins (1962) that at 10-cm
wavelength the NE. component of the inner double source associated with NGC 5128
was 15 per cent polarized in P.A. 115°. The present observations show that both com-
ponents are polarized. In particular, the SW. component has 4.5 times less polarized flux
density and must be 5 per cent +1 per cent polarized at 2840 Mc/s. In Figure 2 we
have plotted our observations of | Q| and| U| for the central source, and attempted to
fit models to them. The best fit would appear to be a model having a diameter of 1:3 for
the stronger NE. component and considerably less than 1’ for the weaker SE. component.
Due to the unequal intensities and the angle of inclination between their planes of polar-
ization, the| Q| curve refers essentially to the stronger source and is relatively unaffected
by the diameter of the weaker source. On the other hand, the | U| curve is very sensitive
to the diameter of the weaker SE. source. This is illustrated by the dotted curve for | U|
which refers to a model with both components having a diameter of 13.

The E.-W. diameters and the intensity ratio of the unpolarized regions have been
measured at 31 cm (Moffet 1962), 21 cm (Twiss, Carter, and Little 1960) and 9 cm
(Little 1963). Over this frequency range the stronger source seems to have a constant
diameter of ~2/4 whereas the weaker source apparently changes from this value at the
lower frequencies to <1’1 at the highest (Little 1963). The diameter of the polarized
region in the stronger source we find is 1’3, approximately half that of the unpolarized.
Even if the ratio of sizes were nearer unity for the weaker source, it is not surprising
that we find the polarized region in it to be considerably smaller than 1’. It would be of
great interest to determine the size of the polarized region in the weaker source at a lower
frequency where the unpolarized diameters of the two components of the double source
are apparently more nearly equal.

¢) 3C 353

If an equal diameter double-source model for the polarized radiation is fitted to the
data it is found that the fit is relatively insensitive to the diameter assumed for the
components. A double-point-source model gives a ratio of 2.1:1 for the polarized fluxes
and 25° for the angle Ax between their planes of polarization. If 16 is assumed as the
diameter of each polarized component, the corresponding figures are 2.3:1 and 33°. The
diameters of the unpolarized components are 14 (Maltby and Moffet 1962) and only
observations at greater antenna separations than used by us will enable a proper esti-
mate for the sizes of the polarized components to be made.

In addition to the measurements made with crossed feeds shown in Figure 3, an ad-
ditional series made with parallel feeds at two perpendicular orientations is available.
Combining the two sets leads to the conclusion that the less intense of the two compo-
nents is the one with the greater degree of polarized flux. According to Maltby and Moffet
(1962), the ratio of intensities is 2:1 with the stronger component toward the east. The
percentage polarization at 10.6 cm is therefore 3.5 per cent and 14 per cent for the east-
erly and westerly components, respectively, if the assumed model is the right one.
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d) Cygnus A

. The present data only allow us to say that there is more than one plane of polarization
in'the source and that the polarized radiation is not concentrated in a region small com-
pared to the resolution of the interferometer at the spacing used (1290N). At a neighbor-
ing frequency, Rowson (1959) determined an E.-W. separation for 1.59 for the compo-
nents of the double source. If the same model is adopted for the polarized radiation, then
the polarized flux densities are in the ratio of 1.4:1 and their preferred directions are at
approximately 60° to<one another. Recent observations by Hollinger, Manella, and
Mayer (1963) of the polarization of Cygnus A at three wavelengths in the neighborhood
of 5 cm suggest a phenomenally high rotation measure for the source (>1000 rad/m?)
at that wavelength. A very slight difference in this large amount for the two components
will produce a fairly rapid variation of Ax with wavelength and its attendant changes of
apparent average polarization of the source. It may be noted that if the planes of
polarization of the two sources in the model assumed here are made parallel, the net
fractional polarization will be increased to about 1 per cent, a value not much lower
than the 1.3 per cent + 0.2 per cent measured by Hollinger ef al. (1963) at 5-cm wave-
length. While this could account for the change in fractional polarization between 5- and
10-cm wavelength, it cannot explain the rapid depolarization from 8 per cent at 3 cm
(Mayer et al. 1962) to 1.3 per cent at 5 cm. It might be necessary to postulate a third
polarized region, possibly bridging the other two, which is already effectively depolar-
ized at 5 cm by internal Faraday rotation in the manner suggested by Woltjer (1962).

The data on Hercules A cannot be fitted by any simple double source model. The
indications are that there are more than two distinct regions of polarization in the source.
Further measurements will dictate the complexity of the model needed to fit the observa-
tions.

e) M87

We give here the results of some measurements on M87 not included in Tables 1 or 2
as the technique used was not the same as for the measurements tabulated there. As
these results throw. some light on the distribution of polarization over the source, we
have included them in this paper for completeness. ;

Previous measurements at antenna separations of 300\ and greater, both E.-W. and
N.-S., have shown no detectable polarization down to the limit of 0.35 per cent (Morris
and Radhakrishnan 1963; Seielstad and Wilson 1963). However, new observations at
1420 Mc/s at an antenna separation of 150N E.-W., show a linear polarization of 0.6
per cent + 0.2 per cent in P.A. 138° + 7°. Barat, Lequeux, and LeRoux (1960) reported
a value of 3 per cent + 1.5 per cent at a similar frequency and resolution and suggested
that the polarized radiation arose in the ‘“‘jet.”” On the contrary, it is now clear that the
radiation in the halo is linearly polarized but that the central double source (Lequeux
and Heidmann 1961) remains substantially unpolarized (<0.35 per cent). Even at 150\
the halo of M87 is half resolved by an interferometer (Lequeux 1962). The percentage of
polarization that would be measured with a single antenna that does not resolve the halo
will, of course, depend entirely on the structure of the polarization distribution and in
principle is impossible to predict from interferometer observations at a few non-zero
spacings. However, it seems unlikely that an average linear polarization of > 0.5 per
cent would be obtained. Mayer ef al. (1962) have put an upper limit of  per cent at 9.45
cm, but at this frequency the contribution of the halo is negligible compared to that of
the core and the upper limit refers essentially to the latter. On the other hand, the halo
begins to predominate at wavelengths of 30 cm and longer (Moffet 1962), and it is
not inconceivable that a higher percentage of polarization than at 20 cm might be found
for the unresolved source. If any depolarization effects exist in the Galaxy as suggested
by Gardner and Whiteoak (1963), the proximity of M87 to the galactic pole (6™ =~ 75°)
would certainly help in reducing their effect at the longer wavelength.
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VI. GENERAL CONCLUSIONS

If the results described above are to be taken as typical of the double sources, we can
draw a few tentative conclusions. It seems to be the case that both components of the
double sources are linearly polarized, but at different position angles and to different
degrees. The evidence from NGC 5128 would indicate a greater concentration of the
polarized radiation into regions of smaller dimensions than that of the unpolarized radia-
tion. There is no evidence of differential Faraday rotation acting on the radiation from
the two components which is greater than about 30° over the range 1420 to 2840 Mc/s
(R.M. < 15 radians/m?). However, the disparity in the degree of polarization of the two
components may increase with increasing wavelength. In connection with theories for
the evolution of radio sources, it may be significant that the sources with large linear
dimensions, Centaurus (outer part), Pictor A and Cygnus A, have a large inclination
between the electric vectors of the polarized radiation from their two components (95°,
60°, and 60°). In contrast, the sources with smaller absolute dimensions (3C 270, 3C 353,
and the central part of NGC 5128) have smaller inclinations (20°, 29° and 44°). There
seems to be no simple relation between the angles of polarization and the major axes of
the double sources. It remains to be seen whether more extensive and accurate data will
show a relationship depending on the size or magnetic field of the sources. At the present
time, no such relation can be discerned. Consequently, if we consider the sources to be
clouds of plasma ejected from their parent galaxies, it would appear that their magnetic
fields are no longer under the control of the galaxy and that the components are evolving
independently of one another.

We are indebted to G. J. Stanley, director of the Observatory, for his interest and en-
couragement, and to G. L. Berge for much assistance with the observations. Our thanks
are also due to C. H. Mayer and K. I. Kellermann for kindly making information avail-
able prior to publication.
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