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On Polarization of Radiation by
Interstellar Medium

W. A. HILTNER

Yerkes and McDonald Observatories, Universities of Chicago and Texas,
Williams Bay, Wisconsin and Fort Davis, Texas

February 20, 1950

T has been suggested by several authors that the polarization
of the radiation from distant stars' is a consequence of
elongated interstellar particles with axes pointing in a common
direction.2~¢ It has been assumed that these particles were aligned
by interstellar magnetic fields which are believed to exist® and
which have been successfully employed by Fermif in theoretical
investigations on the origin of cosmic rays.

If the mechanism assumed above for the origin of interstellar
polarization is correct then it must satisfy the observed charac-
teristics of this polarization. The most stringent requirement is
that the mechanism must predict the observed amount of
polarization as a function of wave-length. If interstellar polariza-
tion is produced by the same particles as those that are responsible
for interstellar absorption then it follows that interstellar polariza-
tion should show the same wave-length dependency as interstellar
absorption which is known to be 1/\. The original observations of
July, 1948, indicated that the amount of polarization is approxi-
mately independent of wave-length, in sharp contrast to inter-
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FiG. 1. Interstellar polarization of BD +62°643, closed circles, as a
function of wave-length. Open circles refer to BD +40°500. The ordinates
represent the change in intensity (expressed in magnitudes) when the
Polaroid was rotated through 90°. See Astrophys. J. 109, 471 (1949) re-
garding the observational procedure.
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F1G. 2. Interstellar polarization of BD +58°607, closed circles, as a function
of wave-length. Open circles refer to BD +40°500.

stellar absorption. It is important, therefore, that the spectral
region be extended to more extreme wave-lengths than those
originally employed.

In December, 1949 observations were extended to the infra-red.
A [Ag]—Cs.0 photo-cell (Ce—25) was used in conjunction with
Hp in a.c. Polaroid. The estimated effective wave-length is 8000A.
Two stars were observed, BD+62°643 and BD+58°607, with
BD+40°500 serving as a check star with an assumed zero polariza-
tion. The results of these observations are shown in Figs. 1 and 2.
The observations at effective wave-lengths 4200A and 5500A
were made with a 1P21 multiplier photo-cell with Corning filters
No. 5850 and 338S respectively.

It is obvious that interstellar polarization does not show the
same wave-length dependency as interstellar absorption, that is,
as 1/\, but, to a first approximation, is independent of wave-
length. Since electron scattering is independent of wave-length,
the question arises as to whether or not an orientation of electrons
by an interaction of their spins on the assumed magnetic fields
may be responsible for the observed polarization.

A lower limit for the number of free electrons N, per cm? in
interstellar space can be easily computed on the assumption that
the electrons are uniformly distributed in space and that their
spins are oriented in such a manner that the cross section, o, for
scattering of radiation has the value zero for one component and
Thomson’s value, o=_8we!/3m2* for the other. This assumption is
an extreme one but it will provide a most favorable test for the
idea. For the cluster # and x Persei it has been observed that
8=0.075. The accepted distance of this cluster is 1920 parsecs.”
Consequently the minimum number of electrons necessary to
produce the observed polarization is N.~17. This must be con-
trasted with the estimated N.~3 from other considerations.?
While the latter estimate is uncertain, it is unlikely that it is in
error by a large factor; indeed considerations relating to the
dynamics of the galaxy would appear to rule out a value of N.>>3.

Although the new material presented here is limited, it is
difficult toignore the somewhat smaller polarization of BD+-62°643
at 8000A than at the shorter wave-lengths and the remarkable
constancy of polarization with wave-length in the case of BD
+58°607. If further observational material confirms the sug-
gestion that the wave-length dependency of polarization is not
entirely uniform from star to star then this may give a clue to the
origin of the observed polarization. Van de Hulst® has shown that
the law of interstellar reddening can be predicted by the proper
size distribution and refractive index of the interstellar particles.
It seems likely that the same procedure may be applicable to the
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prediction of the observed polarization as a function of wave-
length.

It is a pleasure to thank Dr. Ohman for emphasizing the im-
portance of extending the observations to more extreme wave-
lengths, and Drs. S. Chandrasekhar and O. Struve, for valuable
discussions.
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Measurements of the Influence on the Fountain
Effect of He® Dissolved in He*

K. W. Tacoxnis, J. J. M. BEENAKKER, AND Z. DoOKOUPIL
Kamerlingh Onnes Laboratory, University, Leyden, Holland
February 27, 1950

ELIUM gas containing 0.23 percent He?® was condensed in

a vessel of approximately 1 cm? capacity, which was con-
nected to a second vessel by means of a narrow slit above the
liquid level. The slit was almost gas-tight but open to the helium
film. The pressure inside either of the two vessels, which were
surrounded by a helium bath, could be measured against the
vapor pressure of the bath by means of two differential oil
manometers. In the second vessel there was a heating coil.

It is well known that in pure He* a fountain pressure (Ap)
occurs between two vessels when a temperature difference (AT)
is established, the contact being by way of the helium film. When
AT is a few hundredths of a degree, Ap corresponds already to
about 1 meter of liquid helium, hence the colder vessel in our
arrangement will be emptied completely. With this apparatus,
which is like that used by Daunt ef al.,! in similar experiments, we
found that the normal fountain effect can be compensated by dis-
solving He® in the colder vessel. Preliminary investigations at
1.38°K show that the “reduction” of the fountain pressure is
approximately pRTX, in which X is the He? concentration in the
liquid in the colder vessel, the warmer vessel containing no He?.
The quantity pRTX is the value of the osmotic pressure (P) for a
dilute He? solution according to Van’t Hoff’s law. The same re-
duction, P, in the fountain pressure may be expected to a first
approximation from the two-fluid model, if one assumes that the
He? dissolves in the normal fluid only. According to the formulas
given by De Boer and Gorter? (case A) the gradient of X gives
rise to a gradient in x, the concentration of the normal fluid. In
this picture the normal fountain effect is due to a gradient of x
and this gradient is decreased by the gradient in He? concentration.

The values of X were derived from the measured values of the
excess vapor pressure in the colder vessel due to the presence of
He? in the vapor. This excess gives the concentration in the vapor;
by measuring the height of the liquid level to obtain the volumes
of liquid and vapor, we could then calculate X, the concentration
in the liquid. The second column of Table I gives the values of the
fountain pressure derived from the measured AT values using
dates from Meyer and Mellink,? (the difference of the levels in
the two vessels and the difference in vapor pressure above the two
liquids can be neglected in first approximation in comparison with
the fountain pressures).

Columns 4 and 5 of Table I give the calculated relative concen-
tration ¢v and ¢z of He? in He! in the vapor and liquid respec-
tively. The ratio ¢v/cL should be 300 at this temperature ac-
cording to earlier measurements,® however, in these experiments
we did not prevent the film creep circulation and did not stir the
liquid as formerly, so that we are not surprised by these lower
values.*
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TaBLE I. Measurements on the fountain effect.
pPRTX P vliq

(mm Hg) (mm Hg) (mm3) cy +10? cr 103 cv/eL

3.3 3.2 54 11 1.1 100

4.2 4.1 52 9 1.4 64

4.6 5.6 28 13 1.6 81

5.4 5.8 33 9.5 1.8 53

~8 8.5 ~5 16 2.2 73

We thank Professor Gorter for very useful discussions.

Results at other temperatures will be published in Physica
’s-Grav., when the accuracy of the measurements has been
improved by a slight modification of the apparatus.
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On the Determination of the Relative Positron
Activity of Cu® in a Source of Cu®!

C. SHARP Cook AND CHiA-HUA CHANG

Department of Physics, Washinglton University,
t. Louss, Missouri

March 1, 1950

REVIOUS studiest2? of the positron spectrum of Cuf have
been reported under the assumption that any other activity
in the source is of negligible proportions. This has been borne out
through the fact that half-life measurements made at different
parts of the spectrum have indicated, within experimental error,
a single value of 3.33 hours, corresponding to the half-life for Cu®t.
However, since these sources were prepared by deuteron bombard-
ment of nickel it is quite possible that a certain amount of Cu®
was produced from the 1.16 percent abundant Ni® isotope by a
(d,2n) reaction. The purpose of this discussion is to set an upper
limit on the amount of positron activity which could have been
attributed to Cu®.

In order to determine the amount of Cu® present in a given
sample the decay of the Auger electrons® was observed by means
of a lens-type magnetic spectrometer over a period of more than
24 hours following the removal of the nickel target from the
cyclotron. Copper was separated by means of the electrochemical
process previously described.t

The concentration of Auger electron energies into a small inter-
val is advantageous for this experiment. One does not need a
source of very high intensity in order to have an appreciable
counting rate above background even for the very weak Cu®
activity. In addition the relative activity of Cu® to Cu® as
measured by the K-capture process is larger than the correspond-
ing ratio of positron activities. The lower intensity activity can
thus be more easily observed.

If only the 3.33 hour Cu® activity were present, correction of
the experimentally observed data to an initial time should always
lead to an Auger line whose intensity is constant. Correction of
the data during the initial stages of the decay gave this result.
However, as time progressed, it was found that the 3.33 hour
half-life correction gave ever increasing intensities for the Auger
line at the initially chosen time. The assumption of the existence
of a small amount of a second activity having a half-life of 12.8
hours could however account for the decay of the sample as
observed.

When corrected to the end of the 2§ hour period of cyclotron
bombardment the Auger line was found to have consisted of 99.23
percent of the 3.33 hour Cu® and 0.77 percent of the 12.8 hour
Cu®.



