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plicities and momentum distributions of nucleon-
nucleon and pion-nucleon collisions at a few Bev.
The Fermi theory neglecting isobaric states gives
poorer agreement with experiment. It must be
noted, however, that angular distributions of par-
ticles in the given experiments do not agree with
predictions from the Fermi theory.

In conclusion I wish to thank I. L.. Rozental’ and
E. L. Feinberg for their interest in this work, and
N. G. Birger and S. A. Slavatinskii for a discussion
of the cosmic-ray data.
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FOR the case of paramagnetic absorption in par-
allel fields there exists a phenomenological theory
due to Shaposhnikov.! Experimental curves ob-
tained by Garif’ianov? and Sitnikov® support this

theory. However, Smits et al. have experimentally
found a more complicated dependence of the absorp-

tion on the field at 10% to 107 cps and at 20°K. Ku-

rushin® obtained similar curves for Mn(NHy)9(SOy), *

6H,0 and Mn(NOs),6H,0 at 9.3 x 10° cps and
room temperature. In this note we report the
results of measurements of the paramagnetic
absorption in parallel fields in powdered salts
Fe(NH,) (SO4)5 * 12H,0 and Fe(NOs)s * 9H,0 at
9.3 x 10° cps and 295°K. The measurements were
made with a radiospectroscope consisting of a
klystron generator connected by a waveguide to a
reflecting rectangular resonator operating in the
Hy; mode.

The absorption curves of x”(H) have the fol-
lowing maxima: in the case of Fe(NH;)(SOy),*
12H,0 (curve 1 in the figure) at a constant field
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of 1600 Oe, and in the case of Fe(NOg);z° 9H,0
(curve 2) at a constant field of 2600 Oe. To ex-
plain this shape of these curves, it is apparently
necessary to develop further the theory of spin-
spin relaxation.

The investigation was suggested and directed
by K. P. Sitnikov.
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IN connection with the discovery of heavy antipar-
ticles (antiprotons and antineutrons) there have
been several papers discussing the possibility that
antiparticles have negative gravitational mass.!»%:3
The attractiveness of such a hypothesis lies in the
fact that it enables us to understand the absence of
antiparticles in our stellar system and its vicinity,*
since the gravitational repulsion of matter and anti-
matter would be a mechanism assuring their spa-
tial separation.

It is of interest to discuss the degree of agree-
ment between the hypothesis of antigravitation and
present physical theories and experimental facts.

1. Experiments on the deflection of positrons
and antiprotons in magnetic fields provide evidence
that the inertial masses of antiparticles are positive
(if we regard it as established by the fact of anni-
hilation that the electric charge of the positron is
positive and that of the antiproton is negative).

2. According to present ideas, physical phenom-
ena in a set of antiparticles must go on in just the
same way as in a set of ordinary particles (invari-
ance of the laws of motion with respect to combined
inversion). This leads to the result that the inertial
masses of particles and antiparticles must be of the
same sign, i.e., positive. In the opposite case, two
antiparticles interacting gravitationally would fly
apart (independently of the sign of the gravita-
tional mass), in contrast with the behavior of or-
dinary particles. These same considerations re-
quire us to suppose that the gravitational masses
of antiparticles are proportional in magnitude to
their inertial masses, as is true for ordinary par-
ticles.

The considerations presented in these two points
indicate that the inertial masses of antiparticles
must be positive. If this is so, the hypothesis of
negative gravitational mass for the antiparticles
is in obvious contradiction with the general theory
of relativity (the principle of equivalence).

3. Acceptance of the hypothesis of the negative
gravitational mass of antiparticles also leads to
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a number of additional difficulties, connected with
the existence of bosons (particles with integer
spin). According to the present quantum theory
there is for bosons no difference between particles
and antiparticles. Remaining within the framework
of this theory, we may suppose that all bosons have
gravitational masses of the same sign. We then
have two possibilities: either the gravitational
masses of bosons are different from zero, or they
are equal to zero. In the former case it is not
hard to show that by using the phenomena of in-
terconversion of bosons and fermions (creation
and annihilation) in a gravitational field we can
arrive at a violation of the law of conservation of
energy. The second assumption contradicts the
usual interpretation of the observations on the de-
flection of light in the gravitational field of the Sun,
and the observations of the gravitational shifts of
spectral lines in light coming from white dwarfs
and other stars. The hypothesis that bosons are
divided into particles and antiparticles with dif-
ferent signs of their gravitational masses does

not agree with the observed angular distribution

of the photons in three-photon annihilation of an
electron and positron.

4. From what has been said it can be seen that
acceptance of the hypothesis of negative gravita-
tional mass of antiparticles would require radical
changes in our present physical ideas. Owing to
this, a direct experimental determination of the
sign of the gravitational mass of antiparticles
seems extremely desirable, despite the enormous
difficulty of the experiments in question. One such
experiment could be the observation of the “fall”
of positrons in the gravitational field of the earth.

The writers are deeply grateful to Prof. D. I.
Blokhintsev and F. L. Shapiro for helpful discus-
sions.
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