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where n is the molecular polarizabdity. The quadrupole energy is
V, = —

i,eQ, i,r '(1—3 cos'8), where Q,i, is the quadrupole mo-
ment of the molecule relative to the molecular axis and 0 is the
angle between the molecular axis and the line joining the center
of the molecule with the ion. When the measured'4 values of 0.
and Q,i, for N2 are inserted into the above expressions, it is seen
that

I V„I ) I V, I
for the whole range of separations at which

I V„I is of the order of kT. For pure polarizatior. scattering the
momentum transfer cross section averaged over all t.hermal en-
ergies is approximately equal to the cross section at the kinetic
energy (64/9ir)kT. Comparing the two interactions at the separa-
tion r=3.8A& I V„I =(64/9x)feT=O 059 e.v (T=300'K) while

I V, (e=ir/2)
I
=0.018 ev and

I V, (8=0)
I
=0.035 ev.

An exact calculation of the momentum transfer cross section
resulting from the interaction t/'„+V, is intractable because the
potential is not spherically symmetric and translational kinetic
energy is not con erved. However, in the case of a pure polariza-
tion interaction the Langevin formulas gives the mobility of ions
(single positive charge, atomic mass M) in nitrogen as
2.11(1+28/M)& cm'/volt sec. The inclusion in the Langevin po-
tential model of a repulsive force at small separations would cause
an increase in this calculated mobility by at most 15 percent, de-
pending on the eAective radius of the repulsion. This agrees reason-
ably well with the empirical results of 2.04 (1+28/3f)& cm'/volt
sec and indicates that the quadrupole interaction is not of primary
importance in determining the ionic mobility at room temperature.
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~ HE anomalous electrical properties of halide-contaminated
ice have been the subject of several papers by the authors. ' '

Such ice, frozen according to the methods prescribed, exhibits
unusual features: (1) it acts as a rectifier; (2) it possesses an ex-
tremely high dielectric constant for Gelds applied in the non-
conductivity direction; and (3) the conductive and dielectric
properties depend in a complicated way upon temperature, bias,
and frequency. The general behavior with respect to the prop-
erties enumerated. is such as to suggest electronic conduction.
This interpretation was given further support by the fact that the
passage of an electric current for long time intervals produced no
marked change in the conductive behavior of the crystal. It
appeared reasonable, therefore, to formulate an explanation based
on the premise that the partially shielded proton is displaced
under the stress of an applied electric field in such a manner as
to increase considerably the ionic contribution to the hydrogen
bonding between neighboring molecules. In spite of the relative
ease of proton displacement considered essential, the proton
appeared to be bound because of the high-energy barrier postu-
lated for proton transfer (26 kcal/mole or even more'). Moreover,
there is persistence of a sense of direction to the c axis under all
conditions of applied Geld —a condition considered incompatible
with the process of molecular rotation inherent in the transfer
mechanism.

An experimental re-examination of the conduction process has
revealed that the conduction of electricity in the forward direction
through the contaminated ice results in the liberation of oxygen
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S EVERAL recent experiments' ' have shown that protons of
energy 200-350 Mev scattered from nuclei are polarized. The

elastically scattered protons have a polarization (~60 percent)
that is somewhat larger than the inelastically scattered ones.
Fermi4 has proposed an explanation of the polarization for elastic
scattering in terms of a nuclear spin-orbit interaction potential
similar to that assumed in the nuclear shell model. He used the
Born approximation in his estimates. The purpose of this note is
to investigate the polarization e8ects of a nuclear spin-orbit po-
tential using the transparent nuclear model of Serber. ' That is,
we add to the nuclear complex potential which is constant over a
sphere of radius R, a term

—fi 'U(r)L o,
where L and l'ttr/2 are the orbital and spin angular momenta of
the proton. U is taken to be real since the absorption cross.section
of protons in nuclear matter is independent of its spin. The radial
and energy dependence of U are unknown, as well as its variation
with atomic number. We have assumed two specihc forms for U:

Ui(r) =NiR&(r —ff), Ue(r)=me(E/r)'. (2)

Ui(r) is the one considered by Fermi and is suggested by the
Thomas precession of a particle with spin under acceleration,
which, in the transparent nuclear model, is concentrated at the
boundary of the potential hole. By contrast, Ue(r) is concentrated
near the origin. LThe exact form of Ue, which was chosen for con-
venience in numerical computation, is implied in Eq. (8).)

The calculations are performed by a partial-wave analysis.
The degree of polarization (as defined by Oxley et af.i) is
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FIG. 1. Polarization P as a function of scattering angle e for various 61
calculated from potential U1 t Eq. (7)j for 316-Mev protons scattered by
Be. The top curve gives the Born approximation values for e1=7.5 Mev.

and hydrogen at the positive and negative electrodes respectively.
The amount of gas liberated is in quantitative agreement with
that associated with the total charge transfer. Contrary to our
earlier interpretations it now appears certain that the conduction
process is ionic—by a proton transfer mechanism.
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