
LETTERS TO THE EDITOR
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FIG. 1. CoefFicient of recombination of ions in oxygen, the function
of pressure. The abscissae give the pressure in atmospheres. At 1 atmos.
~p=2X10, a1, =6 8X10 6, n=2X106.

theoretical evaluation is very difficult and which may be
quite large, so that d = (12Dt'/~q)&. Let n be the number of
electrons so that in a time dt the number of electrons
attaching will be given by dn=nhedt/X, where h is the
probability of attachment and 8jX is the collision fre-
quency. If n is the number of electrons after a time t and nQ

is the number at t =0, then f= (n/n0) e ""t~ Hence
f=e ~~'»4~', which neglecting the variation of X and It

with electron energy can be written f=e t&tvs'&'. Since
again 4me(k++0 ) =b(760/p) the equation for a becomes
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FIG, 1. Logio Ie plotted against log1Q I& for various collector voltages.

Currents are expressed in pa.

interference colors, roughly from 600A to 6000A thick, are
best in the production of this effect.

A summary of measurements made on treated barium
borate films in a tube similar in structure to that used ~by

Malter' is presented in the accompanying figures. They

where p is the pressure in mm of Hg. There are at present
no reliable extensive data to check this theory and our
experience indicates that they will be very difficult to
obtain. Insertion of the values of the constants into the
equation indicates from the unsatisfactory data on hand
that y will have to be of the order of 10'. The shape of the
curve for 02 is indicated below. The j.902 data of Langevin'
strongly indicate a behavior of this sort and in the limits
of high and low p it is naturally in agreement with the
character of the results of Gardner and Machler.

LEGNARD B. LQEB
University of California,

Berkeley, California,
May 8, 1937.
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Thin Film Field Emission

Recently, Malter' reported the existence of anomalous
secondary electron emission from specially treated elec-
trolytic aluminum oxide. The same type of phenomenon
has been produced by evaporating BaOB203 or quartz on
to a metal plate and treating the film with caesium and
oxygen; the treatment is similar to that used in the case
gf atumjqgm qxide, Filmy showing first apd st;copd order
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FIG. 2. Logpo I~ plotted against logic Ve for various primary currents.
I, is in pa, V& in volts. The zero of the ordinate for c@ch succes5ive bne
is inoved up 0.$ ug, it;s,
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are in general agreement with his data. Fig. 1 gives a
logarithmic plot of the current to the collector, l„as a
function of the incident bombarding current, I„, for
constant voltage on the collector, V, . Fig. 2 gives a similar
family with I, and V, as variables, and I„as the parameter.
The points were taken with 650 volt primary electron
beam covering an area of.0.3 cm' on the target.

Fig. 1 clearly indicates that the collector current, pro-
vided it is less than 1.2 ma, is proportional to some power
of the primary current; the exponent decreases from,
roughly, unity at zero collector voltage, to the constant
value of 0.59 above 25 volts. With similar restrictions on
collector current and voltage, the family of curves in
Fig. 2 is also a group of parallel straight lines. Within these
regions the data can thus be expressed by the relations:
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where a, n, and m are constants for a given energy and
area of the bombarding beam and activation of the
surface. For the data presented, a=2.5&10 ', n=0.59,
and m = 2.23. The consistency of the relations can be
further checked by the fact that the intercepts of the curves
in Fig. 1, plotted in Fig. 2, belong to the family of latter
curves and vice versa. The intercept curve is shown in

Fig. 2; the ordinate scale is shifted up 2.4 units for this
curve.

As in the case of aluminum oxide, the treated borate
surfaces exhibit a time lag between the incident current
and the current to the collector, both when the primary
current is turned on and off, and when the collector
potential is turned on. All the points were taken at the
maximum value of I. with time.

Barium borate, without any treatment, exhibits anoma-
lous emission but to a lesser extent than treated surfaces.
Without treatment the current to the collector is much
smaller, the build up is much slower and decay very rapid.
The collector voltage must be raised to 200 volts or more
to observe the anomalous character of the collector current.

E. R. P1ORF.
Electronic Research Laboratory,

RCA Manufacturing Company, Inc. ,
Camden, New Jersey,

May 14, 1937.
& L. Malter, Phys. Rev. 50, 48 (1936 .

Experiments on the Magnetic Moment of the Neutron

In order to perform experiments in which polarized
beams of neutrons are used, such as determining the sign
and magnitude of the magnetic moment of the neutron, it
is desirable to have as large a polarization as possible.
Various types of single magnet experiments have been
performed in an effort to obtain larger effects. As pointed
out before, ' these experiments with a single magnet
eliminate difficulties due to adiabatic transitions when the
neutrons pass through regions where angular v'elocity of the
changing magnetic field is of the same order of magnitude
as the Larmor frequency, gIJH/h, of the neutron.

The experiments~ involving the transmission of neutrons
through three 0.65 cm iron plates magnetized to saturation
and then demagnetized have been repeated using neutrons
which were emitted from an "howitzer" cooled to ap-

FrG. 1. Change in magnetic scattering v ith velocity of neutrons.

proximately the temperature of liquid air. Both experi-
ments were then performed using two plates instead of
three. The experimental set-up was identical in the two sets
of measurements. The results of these four experiments are
compared graphically in Fig. 1. It is seen that with three
plates the magnitude of the effect (percentage increase in
transmission of slow neutrons with the plates magnetized' )
increases from 3.6 percent & 0.6 percent to 5.3 percent
&1.0 percent. With the two plates the effects are smaller,
being 1.9 percent & 0.7 percent and 2.9 percent & 0.7
percent, respectively.

From these data it is seen that using slower neutrons
increases the effect. Also greater thicknesses of iron increase
the effect if multiple scattering within the iron is not
excessive. However, thicknesses much beyond that corre-
sponding to the three plates reduce the slow neutron
intensity to very small values compared to the fast neutron
background.

These results are consistent with theory' 4 in that the
change in scattering cross section is proportional to the
form factor, J'exp(i(ko —k) r) m(r) dt, where koand k are the
propagation vectors of the incident and scattered neutrons,
respectively; and m(r) is the magnetization density. For
slower neutrons this expression becomes larger and the
percentage increase in transmission with the plates
magnetized should be greater. Furthermore, within the
limits of experimental error the effect varies with the
square of the thickness in agreement with the theoretical
prediction. ' 4

Several at tempts were made to increase the effect through
collimating the neutron beam as completely as possible by
various methods. No improvement in the effect was found
by this method.

Several types of experiments have been performed with a
single magnet in which the scattered neutrons rather than
the transmitted neutrons were detected. In one, the same
three plates were used; but the central portion of the beam
was blocked out with cadmium. Thus the majority of the
neutrons detected were scattered neutrons. As is to be
expected in this case, the number of neutrons counted was
less with the plates magnetized. The percentage change was
1.1 percent + 0.5 percent, Since it was possible for a small


