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ABSTRACT

Photoelectric observations have been made with
a dc polarimeter in an attempt to detect polarization
in the light from 15 extragalactic objects. Consider-
able polarization was found in NGC 3034 (M82)
and in NGC 5128 (Cen A). The investigation of
M82 has been reported by A. Elvius (1).

In NGC 5128 the light from the dark band
crossing over the object turned out to be partially
polarized, up to 6%, with the strongest electric vector
roughly parallel to the dark band. Of the two inner
“hot spots” observed by the radio astronomers (2, 3,
4) the northeast one is known to be strongly polarlzed
in radio wavelengths (5, 6). Our optical observations
in this region reveal small polarization with the posi-
tion angle (9) of the electric vector definitely dif-
ferent from that of the radio data. We find optically
§=70°48°, whereas a position angle §=147° was
predicted by the radio astronomers after allowance
had been made for the Faraday rotation influencing
the radio observations (7, 8). Spectra and photo-
graphic colors were obtained for many stars sur-
rounding NGC 5128 and measures of the polarization
of nine selected objects were obtained. When our
data are corrected for the foreground polarization in-
dicated by the data for these field stars, it seems im-
probable that any intrinsic, optical polarization has
been detected in the northeast “hot spot” of NGC
5128.

The light from the Andromeda galaxy M31
(NGC 224) and four other galaxies in the same
region of the sky was found to be slightly polarized.
This polarization, however, is most probably due to
interstellar polarization in the Milky Way. The ab-
sorbing matter in our Galaxy seems to introduce a
polarization Amp=07018 (=07003) and §=90°
(=£=10°) in the general direction of M31. This would
correspond to a total visual /absorption A;>0.3 mag-
nitude and a reddening Eg_y,>0.1 magmtude

Other extragalactic objects included in the pro-
gram have the following NGC numbers: 185, 205,
221, 253, 891, 2841, 3031, 3077, 4258, 4565, 4631,
5195, 7331. The polarization effects recorded in the

and
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light from these galaxies usually did not exceed the
uncertainty in the observations by a significant
amount. The conclusion to be drawn for these objects
is that polarization is either small or absent in the
observed areas.

Observations

A search for polarization in the light from ex-
tragalactic objects was started in the fall of 1961.
The first few observations were made with the 24-inch
Ronnie Morgan Reflector at the Lowell Observatory.
Observations made in the spring of 1962 and of 1963
were carried on entirely with the 69-inch Perkins
Reflector of Ohio Wesleyan University and the Ohio
State University at the Lowell Observatory. This
telescope, located 10 miles SE of Flagstaff, was ad-
vantageous, not only because of its large aperture, but
also because of the dark sky background which is so
essential for observations of faint extended sources.

Through the kindness of Dr. Haro it was possible
to continue the study of NGC 5128 with the 40-inch
reflector at Tonantzintla in March, 1964. Here the
air mass for this southern object (Decl= —42° 45’),
when on the meridian, is 2.1 as compared to a value
of 4.8 at Flagstaff. Although the sky background
was somewhat higher than at Flagstaf, the Tonant-
zintla data not only confirmed the Flagstaff results,
but also included much needed observations of dis-
tant galactic stars in the general direction of NGC
5128.

All observations were made with a photoelectric
photometer used with a direct current amplifier and
Brown recorder. The 1P21 photomultiplier, used in
the interval 1961-1963, was always cooled with dry
ice. The Tonantzintla observations were made with

"an EMI 6256S which operates very satisfactorily at

room temperature. In most polarization measure-
ments the analyzer, consisting of a polaroid disk,was
rotated manually to different positions. For a given

region sequences of settings were usually made at

*The author’s work at the Lowell Observatory was made |
possible by generous financial support from the Sweden-
America Foundation and an additional grant from the
Swedish Academy of Sciences.
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position angles 0°, 90°, 0°, 45°, 135°, 45°. Further
details of the equipment including the color response
of the photometric system are given in reference (1).

The polarization of the sky background was
measured near the object being studied, and the ob-
servations of the object were always corrected with
these measures. In many cases both the light intensity
and the degree of polarization of the sky background
exceeded the corresponding values for the object
alone.

An offset guider, mounted between the telescope
and the polarimeter, was used to set the telescope
with high precision at any desired region of the ob-
ject relative to the position of a guide star or the
nucleus of the galaxy under observation.

Most observations with the Perkins telescope
(scale 676/mm) were obtained with a circular aper-
ture, 6 mm or 4 mm in diameter. For observations
with the Morgan telescope (scale 22”/mm) a cir-
cular hole 2 mm in diameter was often used. In
some cases elongated and especially-oriented aper-
tures were used in an effort to measure the polariza-
tion of elongated objects.

A depolarizer was mounted between the cathode
of the photomultiplier and the analyzer in order to
avoid spurious polarization. A second depolarizer
was occasionally placed directly in front of the
analyzer to measure possible instrumental polariza-
tion. A cylindrical lens, mounted immediately in front
of the Fabry lens, was used to produce an elliptically-
shaped image (5 x 8 mm) on the cathode of the
1P21 photomultiplier.

Standard stars of known polarization were
measured for calibration of position angles. Other
stars, known to be unpolarized or very slightly polar-
ized, were observed in an attempt to discover possible
instrumental polarization.

Table I gives a summary of different investiga-
tions of instrumental polarization. Because of changes
in the optical system the instrumental effects were
studied separately for each year. All results in Table
ITA, except those obtained with the Morgan teles-
cope, and the main part of the results in Table IIB
were obtained during 1962.

It was found that no systematic instrumental
effect can be detected in the polarization measures
made during 1962. The mean error in one polariza-
tion measure for the objects studied in 1962 and
given in Table I was found to be 0.3 per cent
(Amy, =0r007).

In the observations made during April and May
1963 the random errors seem to be higher than be-
fore, because of an instrumental effect which ap-
peared when a new offset guider was first introduced.
These observations seem to contain a systematic er-
ror of the order of 0.5 per cent polarization in posi-
tion angle § =75° We have applied a correction for
this effect. The only objects observed during this
period are NGC 4258, 4631, and 5128.

A number of observations were made at Tonant-
zintla in an effort to detect possible systematic errors.
These were found to be comparable to those shown
in Table I for the 1962 observations.
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TABLE I. Investigations of Systematic Effects.
PERKINS TELESCOPE

1962 Observations

No. Polarization
Type of object Aperture Obs | P (%) 6E
Unpol. star 27" | 2 0.08 3°
Unpol. star 40 2 0.11 81
Mean 0.03 —
Star + depol. 27 3 0.18 168
Star + depol. 40 4 0.08 122
Mean 0.09 155
Gal. + depol. 27 or 40 2 0.17 101
All Obs. with depol. 9 0.07 —

April and May 1963 Observations

Laboratory tests
+ obs. at telescope

Var. 6 0.5% 75°

During 1962-63 extensive polarization and color
measurements have also been made with the same
equipment in the Merope nebula and other nebulosi-
ties within the Pleiades cluster. These observations
will be described in a separate paper.

Results of the Polarization Measurements

Table IIA. The galaxies listed in Table ITA are all
fairly close together in the sky. NGC 205, 221 (M32),
224 (M31) form a multiple system and the nuclei
of these galaxies are seen within an area of one
square degree. The systems NGC 205 and 221 are
elliptical galaxies and there is little reason to expect
them to be polarized because of light absorption or
scattering within the systems themselves. We used
them as test objects. They were both found to show
a polarization of 0.8 per cent with the electric vector
in position angle 80°+5° and 84°=5° respectively.
This indicates that the observed polarization is most
probably due to the polarizing action of interstellar
matter in our own Galaxy. The nucleus of NGC 224
(M31) was found to be polarized by 0.8=0.1 per
cent in position angle 95°=6°. This polarization is
close enough to that found in the other two galaxies
to be explained in the same way. This is also true
for several other regions measured in M31.

The results contained in Table ITA provide in-
dependent checks on the negligibly small instrumental
polarization indicated by the data in Table I. Some
regions of M31 have been measured both with the
69-inch telescope and with the 24-inch telescope.
Most observations were made with the polarimeter
mounted in position angle 0° and some in position
angle 90°. No systematic differences have been found
between these different series of observations.

According to an investigation by Hiltner (9)
the ratio of polarization (expressed in magnitudes)
to total visual absorption is less than or equal to
0.06. The polarization found for the M31 group is
equivalent to Amp=0%018+0*003. This would in-
dicate a total visual absorption in the same region of
Ay >0m3+£0705. This would also correspond to a
reddening of light from M31 with Eg_y >071.
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A possible galactic absorption and reddening of
the light from M31 has often been neglected in
photometric investigations and distance determina-
tions. Th. Schmidt (10) tentatively used the value
Apg=0%2 (corresponding to Ay=0"15) in deriving
a distance modulus for M31 of m—M=24.4. With
a higher correction for interstellar galactic absorption
we would now get from his data m—M <24.3. More
recently Sandage (11) has published more accurate
results based on a very careful study of cepheid vari-
ables in M31 which was carried out by Henrietta
Swope. Her investigation (12) gives a true distance
modulus of m—M =24%20-£0"14 and a color excess
of EB—v=0716+0"03.

An independent indication that there may be
some interstellar reddening in the direction of M31
may be found in the results derived by Kron and
Mayall (13) in their investigation of the colors of
globular clusters. They found the M31 clusters to be
about 0.2 magnitudes redder than the clusters of our

TABLE IIA. Polarization Data for Five
Galaxies in the Region
O < &< 3and +40° < § < +50°

Designation Br. Polarization
No. Aper- Region

NGC  Region [Obs. ture Sky P% gE Rem.
185 Nucleus| 1 40" 2.3 2:| 97°
205 Nucleus| 2 | 27,40 53| 0.8 | 80
221 Nucleus| 2 | 27,40 50 0.8 | 84 | M32
224 Nucleus| 2% 44 40 1.0 | 95 | M3l
”  Nucleus| 1 40 82 0.7 | 94

”  Nucleus| 3 Mean| 0.8 95

” 1 2 27 11 0.7 | 93

” 2 2 27 22 0.7 | 90

» 3 5% 44 20 06| 74

> 4 1% 44 10 0.5:] 65:

»? 4 2 | 27,40 8 1.2:] 71:

»” 4 3 Weighted mean| 0.9 69

” 5 1* 44 2.0 1.9:] 155

? 5e 1*| 66x132] 1.9 2.0:/118

40

> 6 4 {20){40 1.0 1.8 | 85 Mean
»? 7 2% 44 5 1.5:] 60:

” 7 1 40 4 05| 50

? 7 3 Weighted mean| 0.8 55
891 Nucleus| 3 27 0.7 1.2:]133:

»  Nucleus| 1 [13x53 04| 3.8:| 82:

” 1 1 | 13x53 1.1<1.0:| —

? 2 1 113x53 13<1.5:| 87:

” Mean (used in Figure 1) | 1.0 110°

#*Morgan Telescope observations 1961.

fF is the position angle of the electric vector with
reference to equatorial coordinates. For sim-
plicity this is referred to as # in the text.

: Low weight.

For 891 an elongated aperture parallel to the dark
lane was used. Relative to the center of 891, re-
jon 1 was 77 S and 7” E and region 2 was
7" N and 13” W.

galaxy. Their conclusion that the color difference is
probably due to an intrinsic color difference between
clusters belonging to the two galaxies cannot be
ruled out. It now seems probable, however, that
at least part of the color difference is due to inter-
stellar reddening.

Figure 1 is a map of the region around the
galaxies listed in Table ITA. Polarization vectors have
been drawn on this map to show the polarization of
the galaxiés and surrounding field stars. The data
for the stars were taken from catalogues by Behr

Figure 1. Polarization found for NGC 185, 205, 221, 224,

and 891 and for stars in the same area of the sky. It is

apparent that most of the polarization found for the galaxies

may be produced by the interstellar medium associated
with the Milky Way.

(14), Hall (15), and Lodén (16). The polarization
of the light from the galaxies is seen to be quite
similar to that of stars in the same region of the
sky. When making such a comparison we must re-
member that most of the stars observed in this area
are apparently bright and, therefore, nearby objects.
The degree of polarization cannot be expected to be
high for such stars. The position angles of the electric
vector are more significant, however, provided it can
be assumed that the dust particles in the polarizing
clouds are oriented in approximately the same way
over large distances. In the polarimetric investiga-
tion of the Kapteyn Selected Area 20 by Lodén (16)
no systematic change of position angle with distance
or with degree of polarization was found.

The polarization measurements in the Androm-
eda galaxy M31 are exhibited in some detail in
Figure 2.

In some regions of M31 there may be a signifi-
cant amount of polarization caused by particles in
the clouds of the galaxy itself. Thus in region 7 in
the dark lane we find the polarization vector roughly
parallel to the lane (especially if correction is made
for the general polarization mentioned above). There
we might have an effect caused by the selective ab-
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