If we put
20_1(1=1/2y = a_;U = 3/2) = 20_,{p p) + [2W1/2) =w3/2)]lo_;(y,n), (L)

where 0., are integrals similar to (1) of the corresponding cross sections and w(I) is the
averaged probability of encountering the value of the isospin I in channel (3), then, assuming
w(1/2)/w(3/2) = 0, 0.1, 0.3, and 0.9, we get in the right side of (1) the values 11.6, 1kL.2,
18.3, and 21.4 mb. The value of the left side is in this case 13.7 mb. Thus, assumptions of
quite general character lead to a result of practical significance, namely that the connection
between channels (2) and (3) via the unitarity condition is immaterial. A study of the me-
chanism of intensification of the transitions in the state with I = 3/2 in the three-pacticle
reaction channel (3), predicted on the basis of the sum rule, may be of interest in connection
with the problem of the "trineutron" n3, which has been widely discussed in the recent litera-
ture (see [7]), and the problem of excited levels in three-body nuclei.

In conclusion, I am grateful to A. M. Baldin and V. N. Fetisov for interest in this work.
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Nonlinear effects in metals placed in an electromagnetic field are usually small. In a
quantizing constant magnetic field H, however, as is well known (see [1]), the magnetic moment
M and the conductivity o oscillate with a frequency cS/efiH >> 1. As noted in [2], a nonline-
arity appears in these oscillating terms even in a relatively weak alternating field. To this
end it is sufficient to have an external-field amplitude H; on the order of the period of the
quantum oscillations, i.e., H} 2 H(efiH/cS)(S - area of the Fermi-surface section).

To observe quantum oscillations it is necessary to have a sufficiently strong magnetic
field (hQ > 2n2kT, Q1 > 1, the latter is equivalent to r < 2. Here Q = eH/m*¥c, 1 and & are the
time and mean free path of the electrons, and r their Larmor radius).

Nonlinearity takes place at all frequencies, The effect reaches a maximum at w << 1
(v is the frequency of the alternating field), when the system is able to "attune itself" to
the alternating field existing at the given instant, -and can "follow" the frequency.

For simplicity of calculation we assume that the normal skin effect conditions are sa-
tisfied: § >> £, and therefore also 6§ >> r (8 - thickness of skin layer). At distances r and
£ we can therefore assume the field to be homogeneous and all the relations to be local. It is

therefore possible to use in the main approximation the formulas obtained for the static case.
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We assume that the magnetic susceptibility is small* (i.e., according to [2], that
(VF/C)Z(CS/eﬁH)3/2<< 1), so that the magnetic moment can be regarded in Maxwell's equations as
a perturbation. Then, in the main approximation, the alternating electromagnetic field in the
metal has the usual form

E- Eoe—z/scos(wf ~-2/8), H, =H10e"/5 cos (wt - Z/8),

and in the next spproximation we have in Maxwell's equations the magnetic field in the speci-
fied zeroth-approximation field, i.e.(since, as stated above, we can use the static formulas),
we get M = Mgcos{kH; +B) when (cS/ehH)(H]/H)2 << 1, where B = cS/ehH, x = cS/ehH sina , and a
is the angle between the direction of H and the normal to the metal surface.

In order for the nonlinear effects to be appreciable, we obviously must have xH;g >> 1.
In this case the value of M oscillates rapidly with depth at distances &§/xH;; which are small
compared with the depth § of the skin layer. Therefore, naturally, the field intensities on
the surface will be dtermined only by the value of the magnetic moment on the surface: M =
Mgcos(kHjg coswt +8).

In particular, the reflection coefficient of the n-th harmonic is connected with the n-th
coefficient of the expansion of the function cos(xH)q coswt), i.e., with

2m

c, =1z { expli(kHy cosx —nx) dx = expl-{(7n/2)ilJ {xHy, ) .

It is easy to see that several cases are possible when xH;p >> 1. If n > kH;g, then <y de-
creases exponentially with change of n/kHjp; if n < kHjp, then <, v l//;. Finally, when
n = kHyg we have a peculiar "pseudoresonance": e, n'L/a, with a relative "half-width" on the
order of n'2/3. As is clear from the foregoing, this "pseudoresonance" has essentially a
quantum nonlinear character.

Let us estimate the amplitude of the resonant harmonic. First, it is proportional to
the amplitude of the magnetic moment, the order of which (see [1]) is M ~ H(VF/c)z(cS/ehH)l/z.
Second, a factor Vw/o appears as a result of the nonlinearity of the effect under consideration
(we get from Maxwell's equations that the electric component of the field in the metal is

E ~ Yw/oM; at the n-th harmonic there is no incident wave, only a reflected one, and therefore
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the electric and magnetic field components are equal at the boundary; this gives rise to the
factor Yw/o for the magnetic field component). It is important to note that the conductivity
0, which enters in the equations, has a different order of magnitude than the conductivity op
in the absence of a magnetic field (see [3]). If the sections of the Fermi surface are closed
curves, then, as shown by calculation, o ~ (r/%2)og if the number of electrons is not equal

to the number of holes, and ¢ ~ (r/%2)20y if the number of electrons is equal to the number of
holes, if H is not parallel to the surface of the metal. The width of the resonance peak is
n~2/3, When kHjg/n < 1 there are no oscillations and the curve falls off exponentially. When
kHjg/n > 1 there are rapid oscillations. We present the calculated amplitude of the n-th re-

flected wave, H;ef, in different regions:

(1 1 H
— Y Qe R (kHyo << 1)
n! n+y/n 2
H
(-ii--l-g--e)"e'(""'w’z/z" (1<< kHyg << n)
n
/__2______( _5)—1/48-01(-{) M2y (n=23 <<—g<< 1)
nkHy,
! rassy 3T
Href_ H oy 473 38 (| €] <«<n=¥3)
n 217\/3 n
2
—— e £~VAcos (--n§3/2--) (n=/3 <«<g<<)
mkHy, 4
/ (nkH g m e = 2y Hip)
e ([ =~ COS (N K - m——— =) (n<< K
(KH,O)&/Z " TR 10
\

E=2(1 - - )
n
o V
H - et 2Bl ey,
char ! kHyp=1 o ¢ ehH

The derivation of the formulas and a discussion of the results will be the subject of a sepa-

rate article.

[1] I. M. Lifshitz and M. I. Kaganov, UFN 78, 411 (1962), Soviet Phys. Uspekhi 5,878 (1963).
[2] M. Ya. Azbel' and G. A. Begiashvili, JETP Letters 3, 201 (1966), transl. p.128,
{31 I. M. Lifshitz and M. I. Kaganov, UFN 87, 389 (1965) Soviet Phys. Uspekhi 8, 805 (1966).

*We refer to the differential quantum magnetic susceptibility [2].
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ERRATA
Volume 5, No. 11

In the article by A. A. Galkin et al. (p. 324), the upper figure should be labeled
"a" and the lower 'b."

In the article by M. Ya. Azbel' et al. (p. 340, 10th line from top), replace "

... in
different regions:" by ".

..in different regions (see the figure):"





