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Nonlinear effects which arise i the propagation in the ionosphere of modulated and
unmodulated electromagnetic waves of arbitrary amplitude have been computed with con-

sideration of the earth’s magnetic field.

1 The elementary theory of the Luxembourg-
Gorkov effect has been given by Bailey and
Martin.! Later, the theory was improved by Ginz-
burg, who gave a rigorous analysis of nonlinear
effects in the ionosphere by means of the kinetic
equation.

The kinetic equation was solved by Ginzburg by
means of successive approximations, in which
analysis he, for well understood reasons, re-
stricted himself to a consideration of the first ap-
proximation only. In the same paper the results
were applied only for the case of sufficiently
weak electromagnetic fields.* Meanwhile,the use
of the velocity distribution function of the electrons,
obtained in closed form in Ref. 3 for the case of
propagation in a plasma of an amplitude modulated
high-frequency electromagnetic wave of arbitrary
intensity ( in the presence of a constant magnetic
field) permit us to carry out the calculation of the
magnitude of cross modulation and other ionospheric
nonlinear effects without any assumption as to the
smallness of the field intensity. As aresult of
such a calculation, an essential simplification of
the theory of nonlinear effects in the ionosphere
can be achieved, inasmuch as we can avoid the
direct application of the unwieldy method of the
kinetic equation.

Suppose that a high power transmitter produces in
the ionosphere the field

E,=E,(1 +pcosQt)cose, t, @)

where p is the depth of the modulation, () the
modulation frequency and w, the carrier frequency.
Further, let us suppose the existence of an addi-
tiona! disturbing electromagnetic wave with fre-

*We note that, as a consequence of the omission by
(%mzb'urg of a solution for arbitrary magnitude of the
field intensity, the very meaning of a “‘weak field’’
therein remains insufficiently defined.
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(1934).

2V, L. Ginzburg, Izv. Akad. Nauk SSSR, Ser. Fiz. 12,
293 (1948).

3
V. M. Fain, J. Exptl. Theoret. Phys. (U.S.S.R.).28,
422 (1955). Soviet Phys. JETP 1, 205 (1955),

quency w, . In the quasi-stationary approximation,
which exists for & << w,, and upon fulfillment of
the conditions

033 > ng; l Wy — gy l > Vefs (2)

where vy = | (e /mc)H |, the absorption  coefficient.
k is proportional to w, . Therefore, the field of the
wave with frequency @, at the receiver is propor-
tional to the expression4

E ~vexp {— (wy/c) | kods — (@a/c)7 | kods}. (3)

Here (,/c) [k ds is the total absorption in a

wavelength for the weak field. For brevity, the
notation np=A Vef / Vef,0 is introduced, where

Yef,0 is the effective number of collisions in the
weak field; AVef":Vef‘ Vef,o0 is the increment in
the effective number of collisions under the action
of an electric field of frequency @, radiated by
the transmitter; 7 is some mean value of the
quantity  along the direction of propagation. We
emphasize that, because of the conditions (2), Eq.
(3) is equally applicable for both small and large
values of Av, .

We seek the quantity 5, which characterizes the

cross modulation, in two limiting cases. Inthe
first case,

Q << avefy (4‘)
while in the second,
Q> d,, 5)

where & characterizes the mean energy lost by
the electron in a collision with a molecule or an
ion. Below we shall consider only elastic col-
lisions. Then

0= 2m/M, (6)

where m is the mass of the electron and M is the
mass of the molecule or jon.

2. We consider the case (4). If the condition

4
Ia. L.. Al’pert, V. L. Ginzburg and E. L. Feinberg,
The propagation of radiowaves, Moscow, 1953.
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where £, and E are the components of the elec-
tric field respectively perpendicular and parallel
to the earth’s magnetic field H, T is the tempera-
ture of the ionosphere (more precisely, the tempera-
ture of the molecules and ions).
In a weak field, in the case of collisions with
molecnles,
rg? .. —
Yef,mo = iga_ Nnv, (9)

where v = (84T /wm), /2 ais the molecular radius,
N,, the molecular concentration. For collisions

with ions,*

éne‘Nﬁln o
EIC
where N; is the ionic concentration, ()L:Q/prm/e2
(P, = the maximal impact parameter?).

In the strong field of the transmitter with fre-
quency ®,, the quantity v, is found from Figs. (9),
(10) by simple substitution of Ter for T:

4ma? /" 8kT
"ef,m = j:,’iNmV ef .

10

Vef,i,0 =

wm (] )
2 _etNjlna, /8T,
=3 g )/ e 10)

where Crg = 2kTef pm/e2 . Pence, for the quan-

tities 7, and 7;, which characterize the cross mod-

1 2
ui_hzz)z—i—b“zﬂ)(l +p coth)“],

v
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is satisfied, where z=a)2H / (w2l+ v2), the iso-

tropic part of the velocity distribution function of
the electron is a Maxwell function with effective
temperature

- (8)

ulation, in the case of collisions with molecules
and in collisions with ions, we get, respectively,

. AVt Vet 7 Vefmo — l/ _Qf___ 1 (11)
i Vef,m,0 Vef,m, 0 T ’
Avé’f.i T"/: 1n Otef (12)
M= T = -

Vef,i0 - T:}z Ina

In the case of propagation of the transmitter wave
(frequency w;) close to the gyromagnetic fre-
aquency wy (0, = wy), we must consider that this
wave, generally speaking, is elliptically polar-
ized. The electric field at an arbitrary point of
space is then written as

Ey=Ey:coswt(l + pcosQt),
Ey = Eyycos (of —B)(1 + pcosQ#),
E; = Eg,cos (of —1)(1 + pcos Qt).

The velocity distribution function of electrons
in the presence of snch a field and a constant
magnetic field /. directe1 along the x axis, is

obtained by the method set forth in Ref. 3. It
has the form (in this calcnlation, D. Ta. Kaushan-
skii took part) f(v):f0 (v) + v -f; (v), where the

isotropic part of the distribution function is equal

(we recall that we now assume the quasi-station-
ary condition (4) to be satisfied) to

(B2, +EX )Ml

fo (v) = Cexp [—Sd'vmfv{kT—i— (1 -f—pcoth)Z%i( oy oA

0

EG M2 2F JE
+ 60)212+ V2
where
P e i (e o
1(T+7) ’ 2
I _OH v
FET ' T T

oy EozweH Misin (B—v)|™")
3Ame (0F F (1 1 27) )J I

(1 is the mean free pathlength of the electron,
e=—|e| is the electronic charge) and
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f, = %(1 +1cosQt){[dy(EoycosBj—+ Eoocostk) + g1(—HEp,cos7j + HEycosBk)
+ r(HEqsinyj — HEqysinBk) 4 g,(— Eoysin §j — Egzsintk)+ hyEgii]cosot
+1g1(Eoy cos Bj +Eq; cos 1k)+ r1(— HEo, cos j + HEy cos k)
g1 (—HE,sinyj +HEyy sin k) + d1(Eoy sin Bj + £, sin 1K) + p1Eos] sin wt},

where
Gm L o= on
1= 7T A 8y’ 31T glel(1—2 Y+ v*(1+2')] 005
b L 3 elom—vd)
1 w22 492 0v ’ = me (0 +v2)
p= ) ofo . ry=— e(wdy 4+ vgy)

T (@ Fv) v dv ’ me (w4 v?)

We note that in the isotropic part of the distribu-
tion function, the term 2MlEoyEozmeH sin(B—¥)

3Ame (o 4 v3)(1 + 2')

fo= Cexp [—dem«v {kT—I— (1+ pCOSQt)?-’;—:- ((

0

is positive if the electric field has the direction of
rotation corresponding to the so-called extraordi-
nary wave, and negative for the direction of rota-
tion corresponding to the ordinary ‘wave. If
B=y=0, i.e., if the electric field is linearly polar-
ized, then the velocity distribution function of the

electrons coincides with the function obtained in
Ref. 3.
Let the condition

o = 0;; 6] >V 13)

be satisfied. Then the isotropic part of the distri-

bution function takes the form

2 2
EZ, + E2)M
122

iz EgeM  Eg\E,, MH sin (8 —v) ) }—1}

2
6w1

In this case, e=— le|.
The effective collision number is found from the
formula*

@

4 (0t Of
Vef = — —3—87-—0; dv.
0

(15)

Normalizing f, to unity and substituting in Fgq.
(15), we find, for I = const (as will be the case in
the collision of electrons with molecules), that
8kT,

—m & (),

4ma®
Yef,m = 3

N (16)

where

6v2 [H]

(14)
A —T[l Mot Eoe ) Q)2
1= T e b

_ /Wezl2 2 2
u= ﬂm( Egy + Eg:

— 2F,Fy, I_Z', sin (8—1)) (1 + p cos Q)2

and the function g(u) is determined by the ex-
pression

Vr

Vi an
2

S xe™% (1 + x/u)? dx
g u) = 2 .
S Vie™ (1 + x/u)* dx

)
For integral values of u, the integrals which
appear in the function g(u) are expressed in ele-
mentary functions (see Ref. 5). The values of
g(u) for integral u are the following:

°I. M. Ryzhik and I. S. Fradshtein, Table of integrals,
sums, series and derivatives, Moscow, 1951.
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=20 1 2 3
g (1) =1,000 1,200 1,314 1,379
From Eqgs. (9) and (16) for the case of collision
of electrons with molecules, we find
Nm —l/ g (ll — 1

3. We proceed to the calculation of the magni-
tude of the cross modulation for the case

Q>> BVef.In view of the fact that in this case the

fo(v) =

((x)l = (.OH). (18)
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4 5 7 10
1,431 1,475 1,571 1,629

Dy,0 + Fo,1c08 Qf + G,y sin Qf + Fo,5c08 2Qt + G, 5 5in 2Q¢

quasi-stationary condition (in relation to the fre-
quency of the low power transmitter ) is

essentially made use of by us, the modulatlon
frequency Q must be limited also 31/ <<Q< <wy-

By the method developed in Ref. 3 it is easy to
find the isotropic part of the dlstrlbutlon function
in this case. It has the form

(19)

+ Fo,5c08 3Qt 4 Gy 535in 3Q¢ - Fy 4 cos 4QF -+ Gy asindQt ..

Expressions for ®g,00 Go, 10 F.1Gy 2 Fo

etc. have been developed in Ref. 3 When con-

ditions (5) and (7) are satisfied, these expressions
take the form

T;=T[1+ 2

Mez(i + L

m_ \ { mv® )
[ = ——F exp { — g ’
(D(),() (271"3 Tpf > 2le’f f

where

ar
2 (14
- 6/27‘(»1 m2 (EOJ (1 22+EO")}

I S 2 (1+z) 0<D
Go,z = ?Go,h
5 oG
1 i) . e s (14 2) E? 1 -+ 3 0,1
Fop=— 602Q W[(v m2w? | (EOL (1—2)2+ ol K g ") o
1 9 i v G ET0? 000,1] )
T Qv v l Ml dv
oG
1 9 (2 (1+42) z) 9 0.1
Fon= _12@—29%‘[”3 mia? | (EO-J = T 5 )¢ (54 7%5) B0
© a [ m v*Gy, ﬂ_ﬁaao,l].
71600 gu |M T 1 M T ov |’
/ oG
1 3] 5 e? s (14 2) Ez \3_51._ 0,1
F"”‘"_Wﬁ[ ey (EO_L —p T Eo ) 5o |
Foq= ‘%Fo,s;
1, et 2 (1+2) u? 0F, 0F0
Gos = 50 %[fy m2e? | (E"-L(1——z)2+E°") (T 67} 0v
OF, 2 0 '| 1 0 [ m V'F, ET3 0F, 3]
%To,3 LL 0,3 3.
(1 +_‘/ w T J+3m;2 av[M i el K
-1 0 3 ez 2 (1+2) u? 0F; o 0Fy 4
Goa = 249-02 7%[7) mi? \TOL (1= U=z Esy (TW 0v
u2\0F, , 1 a [ m v*F,, kT 61&‘0,4]
‘*(H' =) 5 )]‘*"mm%[?ﬁ Ry TRl

Substituting all these expressions in Eq. (15),
and setting [=const there, we find the effective
number of electronic collisions with molecules:
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Vef,m = Yo =+ Vg €08 QF +- v, sin Qf 4 v, cos 2Qf - v, sin 20¢

+ Vi, cos 3Qt -+ Vi, sin 3Qt + v, cos 4QF + Vi SIn4Q¢,

(20)

where
4 /BkT;f , 82u m (g (14 2) 2 .
VO == W pp VQ 3—*—9212,”20)%7”— <Eo_!_ (’_1 —Z)z —“ EO ")VO)
’ 4ue? 2 (1+2) 2
Vo —= —— 8 T -y i ’ o, L2 L
27 30 ma? ( 0L T—zr T Fo ”)’ 0= 16 20 0T gV
0y m e?u? (142
v _O’y —_ — 2 N = N s T __3[.1. -
3Q 30 M 189217120)? 12 ( 0L (1 _z)), v EO “)VQ’ V4Q == O, V4Q = “@ V3Q'
the linear approximation relative to £2 and, in
Hence

Nm = "y + 7, cos Qf 4 77, sin Q¢ (21)

+ 7, c0s 2Q¢ + 71’;",9 sin 2Q¢
+ "y cos 3QE + ., sin 3Qf

+ 7o 08 4QF 47 sin 4Q¢,

where

o=V T/ T—1;
77;1 = ylﬂ/ve ,m,o; 7);2 = V;Z/vef,m,o ;

~ ’ —_— ’ . " —_— " /
Toa ~“"20/“17‘,%0’ Moo = Yaql Yef,m0 H T I

We shall not consider the collisions of elec-
trons with ions, because of the small practical
interest of these collisions when condition (5) is
satisfied.*

4. All the formulas we have obtained agree in

the absence of a magnetic field, with the formulas
obtained in Ref. 4.* The difference between our
formulas and the corresponding formulas of Ref.
4 are illustrated in Figs. 1 and 2.

e By M
X 1tucos¥)? is plotted along the abscissa and the
quantity 1 = Ave/v.r,0 along the ordinate; the
earth’s magnetic field was not considered.
We now estimate magnitudes. In this case, we

consider that we need to replace the quantity
2m/M =6 ,; which characterizes the energy lost

In Figs. 1 and 2the quantity . _

by the electron in an elastic collision, for the
calculation of inelastic collisions by a certain
mean quantity §,. We assume, in accordance with
Ref. 6, that §, =2x 1073, Assuming that the sys-
tem of the transmitter radiates upwards with a gain
of g=1.5 relative to radiation isotropically radia-
ted in the upper halfspace, we shall compute the

field intensity Eo in the ionosphere by means of
the formula,

W
Ey = (10-5 l/ . “) exp {— ‘%1 Sk (w,) ds} CGSE,

KM

*In Ref. 2 the isotropic part of the distribution
f i << i
unction fOO +f01 for the case (). 8Vef,0 was incorrectly

not normalized to unity. Therefore, in this case our
formulas do not agree in the linear approximation with the
formulas of Ref. 2. In our work, Ave for the collision of

electrons with ions has the same sign as in the elemen-
tary theory, while in Ref. 2, Avef has a different sign,

because of the incorrect normalization.

L. G. Huxley, Nuovo Cim. Suppl. 9, 59 (1952).
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F1G. 1. Relative increase of the effective number of electronic collisions
with molecules 7, =/ ef,m’ Vef,mo 35 2 function of the parameter x, which is
proportional to the square of the amplitude of the high frequency electromag-
netic wave. I-according to the approximate theory with consideration of
terms only of order EZ; 2-according to the exact theory.

where W, w is the transmitter power in kilowatts, rad/sec, and considering that

T4m 1S the distance in kilometers. Assuming the o

distance from the power transmitter to the region C—’ S k(o)ds <~ -‘}2 S Ry (wy)ds =~ 1,
of the ionosphere, where the cross modulation takes

place, to be equal to 85 km, the modulation factor
of the field of the power station to u=0.5, the
temperature of the ionosphere =300 °K, the

we obtain a table for the comparison of the magni-
tudes of the cross modulation according to the
exact theory and in the linear approximation rela-

circular frequency of the power station w; =106 tive to E(Z) .
n exp l———?— .1_)8 k.,ds}
linear i ' linear
5 approximation exact theory approximation exact theory
=] X T
- Collisions
= B : K : s | B H :
o 3 K 3 o 3 2 3 o
2 o - o - o o Rl
o =9 = a8 = a9 = =8 =
] =) = = = =73 2 =% 2
El: 3 B 3 £ g * B z
125 0.53 0.26 0.72 0.24 0.44 0.77 0.49 0.79 0.645
250 1.06 0.53 1.44 0.44 0.62 0.59 0.237 0.645 0.54
500 2.12 1.06 2.88 0.77 0.79 0.35 0.056 0.465 0.455
1000 4.24 2.12 5.75 1.29 0.90 0.12 0.003 0.276 0.41
Thus, even for transmitter powers of mitter powers 2250 kW. We note that the amount

~ 250 kW, noticeable deviations from the results of  of cross modulation ianq- (3) is characterized
the linear theory are obtained. The above applies by the factor exp{-w’ n- fko(wz)dt?}, and that
particularly to the cdse of collisions of electrons it is impossible in th€ case of strong fields to
with ions. As a result, the linear approximation limit oneself to the first two terms of the expan-
relative to E% is no longer satisfactory for trans- sion of this exponent in a power series, as was
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done in Ref. 4.

S ———

FiG. 2. Relative increase of the effective
number of electronic collisions with ions
N;=BVef i/ Ves, jg @S @ function of the para-

b ’

meter x, which is proportional to the square
of the amplitude of the high frequency elec-
tromagnetic wave. I-according to the approxi-
mate theorg with consideration of terms only
of order E“; 2-according to the exact theory.

It is natural that in the two limiting cases (4)
and (5), our formulas, in contrast to the formulas of
Ref. 4, contain the frequencies 3Q, 41}, etc., in
addition to the frequencies Q and 2Q. It is curious
that the coefficients for sin ¢ and sin 2 ¢ in
Eq. (21) (in the case [ =const) agree in accuracy
with the corresponding coefficients* obtained in
Ref. 4. We also note that the coefficients 7 ’Q ,

1 ‘9q which already appear in the linear approxima-
tion relative to Eg, but which are ~ 81/6[/9 times

smaller than the coefficients 7" and 7 “9q » are
not considered in Ref. 4.

5. Vilenskii? considered the phenomenon of
phase and amplitude self-modulation of an electro-
magnetic wave which arises in its propagation
through the ionosphere. This phenomenon was
studied experimentally in Refs. 8,9 at a frequency
close to the gyromagnetic. In these works, the
phenomenon was given the name ‘‘automodulation’

*Provided that the presence of a magnetic field is not
taken into account.

71. M. Vilenskii, Dokl. Akad. Nauk SSSR 92, 525
(1953).

8)1.Cutolo, Nuovo Cim. 9, 687 (1952).
9
M. Cutolo, Nature 167, 315 (1951).
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(see also Ref. 10). However, in Ref. 7, the
normalization of the distribution function of Ref. 2
was applied incorrectly, as a result of which the
author of Ref. 7 obtained wrong results for the case
Q<< aVef,o' or the correct calculation, the
effect of phase self-modulation is some 103 times
smaller than that found in Ref. 7.

Actually, let the transmitter radiate a modulated
wave which, upon its entry into the ionosphere,
corresponds to the field E=EO (1+p cos Q¢) cos wt.
We set up the condition that the coordinate s runs
along the path of the wave so that on the lower
boundary of the ionosphere (for entry into it of the
electromagnetic wave) s=0. The field of the wave
at a specific point s in the ionosphere can then be
represented as

E = E, (s, £) (1 + 1 cos Qf) cos (ot — (s, 1)). (22)

We now calculate the current arising under the
action of this field. In such a case, in contrast to

Ref. 7, we shall neglect not the quantity v/ w2'<<1,
but the ratio v*/ w?. The distribution function in
the ahsence-of a magnetic field and upon fulfill-

ment of the condition Q K 5Vef will be:3

FOt) = folv,8) = vE, )
where
[m Ny morjert
fo=zmr;) " ’
. . - M eiﬁ‘f 2 |-
To=T|1 L(—)ﬁ m_‘o;T(l -+ w cos Qf) 1K
e 1 v
fl = E1 m [—’Z—)— w? 4 v2 Cos ((;.)f -7 (S))
1 . 1
+ -%—Ji—v sin (ot — 2 (5))J
X a.é_r;;_(l + gLCOSQt)
e [ cos (ot — @ (s)) 1 v\
~_E _m_{__:’_l____ + %(1 — —(;;)sm (ot

——q‘a(s)J%’l(l -+ pcos Qf) *

PRNESSNIE--—

*In the isotropic part of the distribution function, we
have neglected the quantity ( ¥/w)2, because in the cal-
culation of the-current density this is equivalent to
throwing away terms of order vt/ @t Just for simplicity,
we have neglected the ratio (v/ @) 2 in the coefficient
for cos (wt—cp\( s)) also, since this leads only to an
insignificant change in the calculation of amplitude modu-
lation.

10 . . .
A new nonlinear effect in the ionosphere, Usp. Fiz.

Nauk 49, 484 (1953).
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We find the total current from the formula

+oo . @ (24)
jt = Ne S vf(v,t)dv = /'TZM S f,v*dv,

—0 V]
which yields
i = E, {s cos (o —¢ (s)) (25)

sin (of — 9 (s))} (1 + 1 cos Q2)

e—1

—o 41t

-+ Ej}o, {cos (ot — ¢ (8))

+ Asin (of — o (s))} (1 + p cos Q£)?,

where NV is the molecular concentration,

Negvgfo 4 —
9= a5 V0 = g NV
_M s (0 ”’2""’)-
1= W kTe'm " T 1T Tme? \' Y e/

Vef,0

— (8T \'/2
7’=(?n‘> . A=—221-2"
In the following we shall for simplicity consider the
region of the ionosphere in which self-modulation
arises which ishomogeneous in an isotropic medium.
Then the quantities k(w), n, o etc., which enter
into the theory are certain averages corresponding
to the quantities of the real ionosphere.

For a homogeneous and isotropic medium, we get
from Maxwell’s equations

g (26)
i )

Substituting the current (25) and the field (22) in
Eq. (26) and taking into account that Q<< e,

we can equate separately the terms in sin(wt — @\(s))
and cos (wt— ¢ls)). As a result we get two
equations for E 'I=E 1 (5,8) (1 +pcosQt) and pls,2):

OF r (09 \? o’ 4moiAe i3
9 aE', 99 + El 0% + 4dmoe E +4Tro'1m E3—0
s 0s 17552 ¢ ! ¢ L

It is easy to convince oneself by the proper sub-
stitution that the solution, with accuracy to E 30,
which satisfies the boundary conditions (¢)__, 50

AND I. M. FAIN

and (E’l)s=+0=E0 (1+p cos Q¢) has the form:
Ey={E,(1 + pcos Qz)

o1 1+ 24k/n

— 3 Ty £ (1 + pcos Qtys) e—orsie

oy 1+ 2Ak/n

26 1+ 4(k/n) 53(1 —+ 1 cos Qf)3 g—3wksic,

+

@ o1 [ B 1+ 24k'n
¢(8)=—7NS+ 5o\ T+ 4 (kn)

— ij—} ES (1 4p cos Qf) (1 — e—2eksic),
or
B = Egemohle (1 —y —%/51u7)
X {1 + pqcos Qf — vyqcos 2QF — paq cos 3Q1}
X cos {wf — (wns/c) —a(l 4 p*/2)
— Bacos Qf — B,q cos 2Qt3,

where

j p 11— 4v42"ef.ok | on
1+ 4(k/n)

M e?
T Zm 6kTw'm \n

Ve ~
-L 1,10 :)'0} bg(l . e—zmks/c);.
M e
1= 2m TrTatn

1— 4,42, k/on

Eg (1 - e—‘zwks/c);

X T4/ np
bo = w(1—3y —%avup?).,
e T—y —%ye? 7
— ayp? .
20 = 7 — Y —%/gyp?’
1 ypl .
3 = [y—y Ba = 2ap;

Bon = ap2/2,
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If we assume that £ <<n, as is done in Ref. 7, and
use the final results of this work, then the quan-
tity a which determines the phase modulation is
1.2 x 10° times smaller than in Ref. 7, and the
quantity which determines the amplitude modulation
is about 4 times smaller.
Assuming the distance to the lower bound of the

ionosphere to be r = 100 km, the teniperature of the
ionosphere to be 7' = 300" K, the power of the
transmitter / =200 kw, the angular frequency of the
transmitter =3 x 10° rad /sec, the effective
number of collisjons Vef,0= 10°,, the angular fre-

quency of modulation Q=300 rad/sec, and replacing
the value 2m/M =6 el (which characterizes the

energy transfer in an elastic collision with a mole-

cule) by 2 x 102 (Ref. 6), we get for the frequency
shift Aw (upon satisfying the condition 2wks/c
>>1): dg/di=ow +Am=w-—,BOQsith, a quan-

tity of the order of 2 rad/sec.

We note in conclusion that the experimental
investigation of the phase self-modulation, arising
in the passage through the ionosphere of an ampli-
tude modulated electromagnetic wave would be
useful for the determination of the effective num-
ber of collisions in this region of the ionosphere
in which the phase self-modulation arises.

Translated by R. T. Beyer
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