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Since, for example, if the ratio of the pion for-
mation cross sections in reaction (1) for incident
proton energy 340 Mev for 0° and 180°, calculated
on the basis of this theory with a core radius
0.5 ﬁ/m,rc is equal te ~ 10, then this ratio for
670-Mev protons increases to ~ 120 if the same
wave function parameters are used and if the de-
pendence of the angular distribution of reaction
(3), which is indispensable for the calculation, is
obtained by extrapolating the data for the inverse
reaction for the meson energy region 174 to 370
Mev.? The differential cross sections calculated
by this model for the incident proton energy 670
Mev, is

d5(12°),dQ = 3.1 107, d5 (25°) / dQ=2.4-10%°cm?/sr

The quantitative disagreement between the cal-
culated values and the experimental data is evidently
due to the fact that in all these calculations one
looks at the formation of positive pions from the
collision of the incident proton with the proton of
the deuteron only as reaction (3), and one does not
take into account the contribution from pion for-
mation in the reaction p+p —n+ p + 7", whose
total cross section exceeds by a factor of a few
tens the total cross section for (3) in the inci-
dent proton energy region near 900 Mev, that used
in the impulse approximation theory calculations.
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:[_-ANDAU1 was the first to show that a gas consist-
ing of free electrons is diamagnetic, if one neglects
the electron spins, and that its diamagnetism is
equal to one third of the spin paramagnetism. Lan-
dau evaluated the magnetic susceptibility of an elec-
tron gas, starting from the expression of the ener-
gy spectrum of a non-relativistic electron in a mag-
netic field.

To evaluate the magnetic susceptibility of a rela-
tivistic electron gas one could use the solution of
the Dirac equation for an electron in a magnetic
field.? It is, however, simpler to use the method
of the quantum transport equation with a self-con-
sistent interaction.® Starting from the Dirac equa-
tions for an electron in an external transverse
electromagnetic field, we obtain the following trans-
port equation with a self-consistent interaction for
the quantum distribution function which depends on
the momentum p, the coordinate r and the spin
indices a, B, v
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where « and B are the Dirac matrices, u = mcz,
A is the vector potential of the transverse electro-
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magnetic field. To determine the magnetic suscep-
tibility it is necessary to evaluate the current den-
sity which in the case of the relativistic electron
gas is of the form

j=ec Sdp (@asfap)- (2)

The magnetic susceptibility of the gas x* is deter-
mined using a solution of the stationary linearized
equation (1) as follows: Ji = ck®xAy, where ji and
Ak are the Fourier components of the current and
the vector potential. After simple calculations we
find the magnetic susceptibility of a relativistic
electron gas

oo

i

[

where f,(p) is the equilibrium momentum distri-
bution function of the electrons normalized to the
total number of electrons per unit volume. The
one in the curly brackets in (3) is caused by the
electron spins and corresponds to the spin para-
magnetism of the electron gas, while the second
term 1/3 corresponds to the diamagnetism of the
free electrons. The diamagnetism of a relativistic,
as of a non-relativistic, electron gas is thus equal
to one third of its spin paramagnetism. In the non-
relativistic limit Ep =p =mec? and Eq. (3) goes
over into Landau’s well-known expression.

For a relativistic degenerate electron gas a
simple evaluation of the integral in (3) gives

{I——i-}ln Po+Vp—g—}-—mZ;
3

me ’
where p, =h (3mN )1/ 3, In the ultrarelativistic
limit, p, > mec, we get from Eq. (4)
4h2 (3=2N)7  I°
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It follows from Eq. (5) that the magnetic suscepti-
bility of.an ultrarelativistic degenerate electron
gas increases logarithmically with increasing
density
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T

Yo==0.5-107% In (2% (3=2N)" /mc).

In real cases xg < 1.

For an ultrarelativistic Boltzmann electron gas
(kT > mcz) Eq. (3) goes over into the following
expression for the magnetic susceptibility

. 1
/8= (
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: Zeric) 2;}7‘ K ;n'; > 1‘1 ‘?} Lln,l—fz + 0'116]' (6)
In the equilibrium state of the system the number

of electron-positron pairs formed through collisions
is for kT >» mc? equal to! N*=N"=0.183 (kT/hc)®.
Taking this into account in Eq. (6) we conclude that
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the magnetic susceptibility of the system increases
logarithmically with increasing temperature, xp
~ 107 In (kT/mc?). In real systems yp< 1.

We express our gratitude to V. L. Ginzburg for
his interest and for discussions of this paper.

*We emphasize that we are dealing with the susceptibility
of an electron gas in a thermodynamic equilibrium state. The
magnetic moment of the system may in a non-equilibrium state
be appreciably higher.
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WE showed earlier! that for nickel the ratio
Ap/Al (where Ap is the change of electrical re-
sistivity for a change in magnetization of AI pro-
duced by a magnetic field, in the region of magnetic
shturation) is approximately equal to the ratio
(pT —po)/(Iy—IT), where pT and IT are the
specific resistivity and saturation magnetization
at temperatures T < 20°K, p, is the residual re-
sistivity and I is the saturation magnetization
derived by extrapolation to absolute zero. It was
also established that at hydrogen temperatures and
below, the law pp—pg = aT%? holds for iron and
nickel, where a is the constant of proportionality,
and that above hydrogen temperatures the differ-
ence pr —py—aT¥? is roughly proportional to T°.
From this it was deduced that at hydrogen and he-



