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protons with energy 18.1 mev and is based on the 
optical model with a diffuse boundary of the nucleus. 

It is seen from the comparison, that we ob
served a fourth minimum at large angles, which 
qualitatively corresponds to the theoretical cal
culations 14 (the fourth minimum is in the region of 
160 ° for Nickel). Deeper first minima, obtained 

in Ref. 10, can probably be explained by better 
energy resolution of the apparatus due to the use 
of the many-channel analyzer. 

Figure 3 shows data for nickel and copper. It 
is seen from these curves that, in the range of 
angles up to 110 °, the cross section for elastic 
scattering qualitatively corresponds to the ''black 
body" model; for larger angles, the cross section 
for these two neighboring elements differs con
siderably. Since the size of the nickel and cop
per nuclei are very nearly the same, the observed 
difference in the cross section could characterize 
the influence of such factors as spin, magnetic or 
quadrupole moment, and also the shape of the dif
fuse boundary. For a final check of this supposi
tion it is proposed that a study of the elastic 
scattering from various isotopes be undertaken. 
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ACCORDING to the present point of view, the neutron 
does not have an electric charge. This con

viction was originally based on experimental data 
concerning the ionization caused by neutrons during 
their passage through gases 1. An estimate of the 

upper bound for the neutron charge , based on these 
data, gives a value less than 1 /700 of the electron 
charge e. 2 However, a considerably more precise 

estimate of the upper hound for the neutron charge 
can he obtained if it is based on the neutrality of 
atoms and molecules. Recently, Rabi (see Ref. 3), 
experimenting with a molecular beam of Csl, came 
to the conclusion that the charge of this molecule, 

if not equal to zero, is less than 10- 10 e. Con
sidering this, and assuming that the proton charge 
is equal to the charge of an electron, or differs 

from it by a small quantity equal in magnitude and 
opposite in sign to the charge of the neutron, it 
can be obtained that the charge of the neutron is 
less than 2 X w- 12 e. An analysis of this type 
assumes that the law of conservation of charge is 
absolutely accurate. At the present time one can
not exclude the possibility of constructing theories 
(many dimensional type) with more general conser
vation laws, in which strict conservation of electric 
charge, taken separately, does not necessarily hold. 
It should be also noted that, for instance in a 5-
gimensional theory by Ramer4 , any particle of a 
finite mass, including a neutron, is given an elec
tric charge. In view of the above considerations, 
it is interesting to consider the question of the 
possibility of the direct determination of an upper 
boundary for the charge of a free neutron. 

From the experiments on the observation of the 
ne-utron-electron interaction5 it is difficult to make 
any conclusions about the magnitude of an upper 
boundary for the neutron charge in view of the un-

certainty of the data concerning the meson cloud 
of the nucleon. 1 A direct estimate of the magni
tude of the upper hound of the neutron charge can 
he obtained from the fact that the interaction cross 
section of a thermal neutron with the nucleus does 
not depend on the charge of the nucleus. This 
gives evidence for the smallness of the Born parame
ter: 
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2rcZqc I 137v ~ 1, (1) 

where q is the ratio of the electric charge of the 
neutron to the charge of the electron, v- speed of 
neutron, and c - speed of light. For a thermal 
neutron ( v"' 2 x 105 em/sec) and for a heavy 

nucleus Z ;;;;- 90 we obtain, based on Eq. (l ), the 
estimate q < < 10-6 • In the present work a direct 
experiment leading to a considerably smaller value 
of the upper bound of the neutron charge is reported. 
This experiment consisted of an attempt to observe 
the deflection of a neutron beam in an electric field. 

Let us assume that a narrow beam of thermal neu
trons, having kinetic energy W, passes through a 
plane electric condenser of length l, and perpen
dicular to the direction of the electric field intensity 

E. With the charge of a neutron equal to qe, the 
defl-ection of the beam ~x directly at the exit from 
the condenser will be 

(2) 

a Cd 

By measuring the deflection ~x one can, using 
Eq. (2), determine q. 

In the experiment conducted in the present work 
the intensity of the neutron beam, which was fil
tered by graphite in front of the collimator, was 
approximately 106 neutrons/ cm 2 - sec. The 
width of the beam was determined by a collimator 
consisting of two sheets of cadmium with slit 
openings 2 mm wide and 50 em from each other 
(figure 1). Perpendicular to the plane of the 
slits aluminum plates of the electric condenser 
b were placed. The distance between the con
denser plates was 7.5 mm. In front of the receiver 
of the thermal neutrons c was placed an exit slit 
of Cadmium which could be moved by means of a 
micrometer screw in the direction perpendicular 
to the neutron beam and parallel to the direction of 
E (axis X on figure l). A special vernier allowed 
the slit to be placed at any point of axis X with 
a precision of 0.01 mm. The width of the slit in 
the main experiments was 1 mm., All parts of ~he 

b 
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FIG. 1. Apparatus: a- neutron collimator; b- electric condenser; 
c-.neutron receiver. Dimensions are given in mm. 

equipment after careful centering were fastened on 
the rigid metal frame. As will be seen from the 
following, direct measurements with neutrons 
proved the exactness of the centering of the ap
paratus. 

The average neutron energy used in the experi
ment, measured by absorption of neutrons in boron, 
was W = 0.026 ev. The background in the neutron 
receiver for the conditions of this experiment was 
2~ of the number of counts caused by the neu
trons of the direct beam. The contribution of the 
neutrons above cadmium (absorption) did not ex
ceed this value. 

The spatial distribution of neutrons in the beam 
was studied by moving the slit along the axis X 
every 0.5 mm. As is seen from Fig. 2, on which 
are shown the results of these measurements, the 
dimension of the region with maximum neutron 
intensity corresponds to the width of the collima

tor slit~ (2 mm). The half width of the curve is 
approximately 4.5 mm. Dotted lines show the 

position of the condenser plates. The distribution 
found is fully explained by the geometry of the 
apparatus, corresponding exact centering of all 
parts of the apparatus, and absence of scattering 
on the edges of the cadmium diaphragms. It is 
also seen from figure 2 that the neutron beam does 
not touch the condenser plates. 

In measurements with the electric field, the vol
tage on the condenser plates was 10 kv, and the 
exit slit was put at the points on the axis X 
shown by crosses in figure 2. During the place
ment of the slit at points on the axis X correspond
ing to the descending parts of the neutron distri
bution curve, a 0.03 mm deflection of the neutron 
beam should have caused 1% change in the number 
of registered neutrons. The measurements were 
conducted in such a way that the readings with 
the electric field were alternated with the readings 

without the fi&ld. In the table are given the values 
obtained for the quantity ~ N /N, where M- is 
the reading difference with and without the ·field, 
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and N - is the total number of registered neutrons. 
The numbering of points corresponds to the label
ing in Fig. 2. In the table are also given the 
probable statistical errors. In the last column of 
the table is given the smallest displacement of the 
neutron beam which could he detected in this ex
periment. 
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FIG. 2. Dependence of the intensity 
of neutrons on the position of the exit 
slit on the axis perpendicular to the 
neutron beam and parallel to the elec
tric field intensity. 

As is seen from the table, the effect does not 
exceed the experimental errors. In other words, 

Number 
The smallest 

Relative effect detectable di 
of the /).N/N in% placement of 
point the beam in 

s-

mm 

1 +0.3±1 ,0 0,03 
2 -0.2±0,5 0,02 
3 -0.8±0,8 0.05 
4 -0,8±0,7 1.00 
5 -0,6±0,5 0,05 
6 -0.8±0,7 0.05 
7 -0,55±0,4 0.02 

the displacement of the beam under the influence 
of the electric field was not detected. This . 
means that the displacment of the neutron beam 
was less than 0 •. 02 mm. Considering this fact and 
Eq. (2), we obtain the following value for the 
upper hound of the neutron charge. 

q <Bxw-12. 

In conclusion we express our thanks to I. M. 
Frank for the discussion of the present work and 
to V. P. Kudriashov who helped us during the con
duction of the experiment. 

•Based on the angular anisotropy of the scattering 
of thermal neutrons from venom atoms, Feld3 giv.es, 
without deduction, .the estimate q < IQ-18 e. It 1s 
not completely clear, however, how this number was 
obtained. 
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I T is known that the A-transition in liquid helium, 
as well as the transition to a superconducting 

state in the absence of a field, are typical exam
ples of transitions of the second kind, that is, oc
currences without release of heat and without 
change in volume. However, the superconducting 
transition in the presence of a magnetic field, and, 
consequently, of superconducting surface currents, 
changes from a transition of the second kind to a 
transition of the first kind, that is, it takes place 
with absorption or release of heat. Although the 
temperature of the transition from a superfluid to 
a normal state in liquid helium is lowered at in
creased pressure, the A-transition remains a transi
tion of the second kind, and it was assumed in the 


