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rotate the spin of the i-th nucleon by an angle =
about the direction q. This allows to determine
the transformation properties of various spin
characteristics when RJ is replaced by RO,
For example, this exchange leads to a change in
the sign of the polarization P which takes place
in the collision of unpolarized nucleons.

We finally remark that changing the sign of all
the phase shifts (taking the complex conjugate of
RJ) leaves the cross section unchanged, and
changes the sign of P,. Thus a simultaneous ap-
plication of this transformation with the transfor-
mation R} into RGN leaves unchanged the cross
section as well as the polarization. Therefore the
two sets of elements of R obtained from one an-
other by means of the indicated transformation,
cannot be distinguished through the simplest polar-
ization experiments (double scattering).
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I'].-IHE phenomenological description of the propa-
gation of electromagnetic waves in a plasma is
based on the possibility of introducing an index of
refraction for the medium. A magneto-active
plasma is usually characterized by two indices of
refraction. It is well known that at certain values
of the electron concentration one of these indices
becomes infinite (neglecting the collisions of elec-
trons with heavy particles). This may be called
a resonance effect since the singularity in the in-
dex of refraction is related to the resonance prop-
erties of the plasma."2

In the resonance region, an electromagnetic
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wave incident on an inhomogeneous layer is par-
tially or totally absorbed. The first of these ef-
fects has been discussed by Ginzburg (cf. Ref. 1,
§79, and Ref. 2) for the case of quasi-longitudinal
propagation. A calculation of absorption in the
region of the singularity in the index of refraction
has been carried out by Budden3 using a simplified
model of an inhomogeneous layer. The complete
solution of the problem can be obtained in the case
in which the plasma is not highly inhomogeneous.
The results of an analysis of this kind are given
below.

In a weakly inhomogeneous medium, except for
one case which is discussed below, the interaction
between the ordinary and extraordinary waves can
be neglected. For simplicity, we consider trans-
verse propagation although the final results can be
generalized quite easily. In transverse propaga-
tion the index of refraction for the extraordinary
wave has a singularity, the dependence of which on
electron concentration is given by the following:

( 0(2) = ARV (z)

n? (U) =1— 1UL1 u—:l)v

- ﬁ)(n
w?
(the wave propagates along the z axis, and the
electron concentration N depends on z). The
function n?(v) has two zeros, vy(z;) =1 -+vu
and vy(2zy3) =1 +Vu, and a pole at v3(z3) =1
— u. We consider the case u < 1, in which the
resonance region (v =vjy) lies between the zeros
of the function n? (v). The solution for the reflec-
tion of waves from such a layer by the “standard-
equation” method* shows® that the reflection coef-
ficient for the region (vyv,) is

[R2=1—4e"3(1 —e3)sin?s, (2)

where § and s are defined by the expressions

23 2y
b=2ik,\Vndz s =k, | Vdz (ko = %) 3)
2 23
Equation (2) indicates that the maximum value
of the absorption coefficient (1 — |R |2) is approx-
imately 35 per cent.

In calculating absorption in the resonance re-
gion it is necessary to take account of the inter-
action between the different waves only in the case
of quasi-longitudinal propagation. In this case, in
the region v ~ 1 (in the vicinity of which the res-
onance is found) the index of refraction for the
ordinary wave n,(€) and for the extraordinary
wave ny(€) (€ =1 -v) assume values which
are approximately the same and two waves exhibit
a strong interaction effect.?

If an ordinary wave is incident on the interac-
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tion region from below, it produces a reflected
wave of the same type, characterized by a reflec-
tion coefficient |Ry| = (1 — e—zéo)_ The trans-
mission of the wave is characterized by a trans-
mission coefficient |D, | =e %0 (cf. Ref. 6). In
this case the mean absorbed energy is

1 —|R|2P—| Dy P =e" (1 —e2%). 4)
The real quantity §, is defined by the integral

8, = — % iky § (1 — my) da. (5)

The integral is taken over a path which encloses
the two singularities of the integrand at which n,
=n,. If, however, an extraordinary wave is inci-
dent on the interaction region from above, it is not
reflected but is scattered into two waves in the in-
teraction region. The amplitudes of these two
waves are (cf. Ref. 5)

dy = (1 —e—29)", (6)

d-[ = e—.s';

The factor d; characterizes the transmission of
the ordinary wave. The factor dy characterizes
the extraordinary wave which is produced in the
interaction region and holds in the direction of the
pole of the functions n% (€). This wave is then
completely absorbed. The absorption ( I dy lz) is
small only when &, is small. When §y > 1, d,
~ 1 and the wave which is incident from above is
almost completely absorbed in the region of high
n% (€).

Because of the thermal motion of the electrons ?
a wave traveling in the direction of the pole of the
function n% (€) is converted into a plasma wave,
the energy of which, in the final analysis, is dis-
sipated in heating the plasma. Thus the absorp-
tion effect being discussed is related to the con-
version of electromagnetic waves into plasma
waves,

Finally we may note that in experiments in
‘which the ionosphere is “sounded” by pulses the
interaction mechanism being considered here may
explain the fact that only three pulses are ob-
served. The incident wave is presumably split
into an extraordinary wave and an ordinary wave.
The extraordinary wave is reflected at a level
corresponding to € =vVu (first signal); the ord-
inary wave is reflected in the interaction region
(e =0) (second signal) and partially penetrates
as an extraordinary wave into the region € < 0.
The extraordinary wave reflected from the point
corresponding to € = —Vu passes through the
interaction region without reflection and reaches
the point of observation as an ordinary wave (third
signal). Thus, multiple-reflection effects are im-
possible.
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The author is indebted to V. L. Ginzburg for dis-
cussion of the results of this work.
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IN an earlier work! an estimate was made of the
cross-section for recombination capture of minor-
ity carriers by radiation defects in the crystal
structure of N-type germanium, produced by ir-
radiation with fast neutrons. The following rela-
tions were used in the calculations

Ie —1/zg = nav,h, (1)
Ng = nGeNnA_/-ds- (2)

Here 7 is the lifetime of the minority carriers
after irradiation, 7, the lifetime of the minority
carriers before irradiation, n, the concentration
of the radiation lattice defects, v,, the thermal
velocity of the minority carriers (holes), nge the
number of germanium atoms per cm3, N, the in-
tegral dose of neutrons (expressed in neutrons per



