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WHEN high-power radio waves propagate in a
plasma, in particular, in the earth’s ionosphere,
several nonlinear effects are observed: cross-
modulation (the Luxemburg effect) and the inter-
action of unmodulated radio waves with their “self-
effect” (cf. for example reference 1, §64 and ref-
erences 2 and 3. In the work cited above consid-
eration has been given only to the nonlinearity as-
sociated with the dependence of the effective num-
ber of collisions vggr on the field strength E; of
a strong radio wave, say 1. In the simplest case,
in which radio wave 1 is unmodulated, E; =
Ejcos (wt —k-r) = Ej cos ¢; the condition
w? > vier is satisfied and we can neglect the
constant magnetic field. In this case the non-
linear effect is simply related to the change in
electron velocity. The velocity associated with
the forced oscillations is vy = (e/mw) E; sin ¢
and the change in the absolute magnitude of the
velocity is Av ~ e?E} sin® ¢/2m?w?v, where
v~ VkT/m is the velocity associated with
the thermal motion (e and m are the charge
and mass of the electron and it is assumed that
AV K v =vy + AV).

The corresponding change in electrical con-
ductivity is

AG [0 = Avesi [ Vest = Av /vy = e? Elsin?o /2m2 vi w2, (1)

since o = eszeff/ mw?, where N is the electron
concentration. For simplicity, it is assumed that
the basic role is played by collisions of electrons
with molecules, so that veff is proportional to the
velocity v. When the electron velocity distribution,
modulation etc. are taken into account the picture
becomes more complicated. These effects, how-
ever, will not be important in what follows, since
we wish to point out the existence of a nonlinear
effect of another kind.

In a non-uniform isotropic plasma (also in a
uniform magneto-plasma), in contrast with an
isotropic uniform plasma, the electron concentra-
tion depends on the field associated with the radio
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wave. In the absence of transverse charges, when
div €¢’E = 0, in an isotropic non-uniform medium
we have

divE = 4mp = — E+ Ve’ /¢,

where € = ¢ — i4no/w is the complex dielectric
permittivity. If the ion motion is neglected in the
plasma, we have p = eAN where AN is the
change in electron concentration. Thus wave 1
produces a change

Ae'= — 4=e? AN | mo (0 — ivess)
— eE*Ve' | me'o (0 — iverr), (2)
since
g =1—4we? N/ mo (0 — iVess).

In a magneto-plasma, which for simplicity we
also consider uniform and nonabsorbing, for div D
= 9 (€jkEk)/9xj = 0 generally speaking div E =
4meAN = 0. We consider a plane wave in a magneto-
active medium, having in mind elliptical polariza-
tion of the general form

E; = Egacos¢ + Eg,sineg,

obviously
ATN = %:!Tc {Egacos fysing + Egpcos 6, cos 9},  (3)

where @ = wt —k-r, n=ck/w is the refractive
index for the given wave, which is assumed to be
normal (ordinary and extraordinary components )
and 6, and 60} are the angles between Eg;, Egj
and k. All these quantities can be found from the
general formulas (cf. reference 1, §§62 and 75).
The change in electron concentration AN is pro-
portional to the change in the complex permittivity
tensor for the magheto-active plasma e€j. If the
external magnetic field is strong and we neglect
unusual directions of propagation (for example,
along the pole) cos 64 and cos 6, can be quan-
tities of order unity. In such cases the effect given
by (3) is larger than the effect given by (2) if the
wavelength X = cn/w is smaller than the charac-
teristic distance L, the distance in which there
is a significant change in the properties of the
medium.

It is clear from (1) and (3) that the relation be-
tween the present nonlinear effect and the one
usually considered is characterized by the param-
eter

£ = m?uwdn/2nce® NE,. (4)

with n~ 1, v~ 107 (T ~ 300°K), & ~ 107283/
NE,. It is apparent that with N ~ 10° and w ~
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10" (A =27mc/w ~ 180 m), £~ 1 for a field E,
~ 1/300 v/m.

It is important to note that the usual effect (1)
is a quadratic effect and leads to the appearance
of combination frequencies w’ + 2w (w’ is the
frequency of the field of a weak radiowave which
propagates in a medium which is perturbed by a
strong wave at frequency w). On the other hand,
the effects in (2) and (3) are linear* with respect
to field 1 and the combination frequencies are w’
+ w.

It should be noted that effects (2) and (3) are,
by their nature, the same as occur in the scatter-
ing of transverse (radio) waves on plasma waves
in an isotropic medium (cf. references 4 and 5).f

The concrete role played by the effect described
in (2) and (3) on the propagation of radio waves in
the ionosphere of the earth and the solar corona
require special investigation.

*Obviously we are considering here the nonlinear depend-
ence of the tensor €, on the field. In this case the field
equations are clearly nonlinear.
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tWe note that the existence, of plasma oscillations excited
by various perturbations in the ionosphere can be verified ex-
perimentally by observing on earth radio waves in which com-
bination frequencies are produced as a result of scattering in
the ionosphere.
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FOURTEEN events of charge-exchange scattering
of 77 mesons on hydrogen with the subsequent de-
cay of the 7° meson into a photon and a Dalitz
electron-positron pair? were observed in a diffu-
sion chamber filled with hydrogen at 25 atmos and
placed in the 150 Mev 7~ -meson beam of the syn-
chrocyclotron of the Joint Institute for Nuclear Re-
search.! The sensitive volume of the chamber
measured 380 mm in diameter. A constant mag-
netic field of 9000 Oe intensity was used. The 14
events mentioned were found in the scanning of
45,000 stereophotographs and were identified by
7~ -meson track endings in hydrogen accompanied
by electron-positron pairs. Photographs of two
such events are shown in Fig. 1. It is estimated
that other processes giving rise to similar pairs
(internal conversion of photons in the reaction

T+ p—n+ 7y, pair creation by a photon near the

decay point of 70 — 2y, etc) are negligible under

our experimental conditions.

The number of conventional 7°-meson decays
(into two photons) must be known in order to de-
termine the relative probability for the decay proc-
ess ™ —e~ + et +y. Direct counting of the num-
ber of charge exchange events is extremely diffi-
cult in a diffusion chamber, owing to the existence
of local insensitive regions and to edge effects.
However the number of 7° mesons can be deter-
mined from data on the cross sections for charge-
exchange and elastic 7 -p scattering,3 whose
ratio is 1.8 at energies ~ 150 Mev. Since we ob-
served 600 events of elastic m~-p scattering it
follows that the number of 7’ mesons was 1080.
Consequently the ratio of the probabilities for the
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