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1 Introduction

In the last years a scatterin§ of electromagnetic waves Dby
charging clouds of particles 1s of great Interest.First of all
this 1s comnnected with the observing of anomalous strong
reflection of radiowaves by charging clouds.

In this paper it is shown,that the effects of Ilocalization
may be observed in thc scattering of electromagnetic waves on
the plasma formations,arising in a cloud of charged particles in
a atmosphere.The phenomenon of 1localization 1In  classical
systems,such as microwave or 1light propagation 1in  random
media,has been discussed In 8 number of papers [1,2]1.The
criterion of localization 1s ﬁvﬂ.s 1 ,where & g the elastic
mean-free-path, A 1s the wavelength.Beslides an absor%tio must
be small,li.e.the correspond inelastic mean-free-path ¢a must
be much more than the wavelength A .Achievement of these
conditions in condensed medlia is the difficult problem.Usually
gystems lioke paints,porous media,etc.are proposed,where the
condition 4 << 4, 1s carried out.However a strong localization
in these experiments 18 not observed.Early localization of
microwave radlation 1s found in random mixtures of metallic and
dielectric spheres (3].

2 Physical properties of the system

The considered physical system 18 a charged cloud of aerosol

Earticles.Charged aerosol clouds may be obtalned 1In the

aboratory [(4].It is known,that charged particles scatterer the
electromagnetic waves much more strongly than the noncharged
case.The -scattering sectlon of a charged article 1s
Ero ortional to the square of the elementary charge number

-gheregore the scgtteg%ng gection 1s iIncreased by a factor

0°- 10° 1f Z = 10°-10.However this 1s still 1Insufficlent 1n
order to be registered by radioclocation devices.In a cloud of
charged particles the corona discharges could exist 1in the
avalanche or streamer forms (4]1.The avalanche corona takes place
in the case when the charge of an 1ndividual particle exceeds
gome critical value 4. ,at which the emission of charges
begins.The,soncegtratjon of electrons in the avalanche 1s equal
ton, = 10'=-10'Y cm ~.The streamer discharges in air are plasma
needfe formations by lenﬁth L up toa few centimeters at the
atmosphere pressure.The density of charges in the streamers,the
radius of streamers and the,,volumg dggsity o:a streamer
formations are equal to Ny = 10'%= 10" em v, &8 =10“cm,N = 1
cm - respectively.

The cross sections of scattering Gs and abgorption da and
also the length of the elastic mean-free-path ¢4 &and inelastic
mean-free-path a may be expressed 1In terms of the
polarizability of the plasma formations 1in the field of
electromagnetic waves [5]
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where o 1s the polarizability, K 1is the wave number, & is the
concentration of plasma formations,sign < > means the averaging
on the orientation of needles.

The polarizabllity 1s determined by the dlelectric constant of
%he plasma formations,of which real and 1lmaginary parts have the
orm:
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where &), = (47¢ ”e/"") is the plasma frequency, V 1s the
collisioﬁ frequency, ¢ 1s the conductivity, w 1s the frequency

of the electrom etic wave.

The characterist parameters of plasma fomationa detemining
the 11! $u?§cy 1 range 70 l?caliz&tion _Zequal-io Wpx
510} 1-5x70 210718 ¢ T,k = 1 emA = 1072 em.N & f
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3 Frequency dependency of Gs and %a .

Let us consider as a model of plasma formations the
cylindrical needles with length L and radius 4 with L >>a .The
polarizability of such needles has the form [5]:
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where wm, = k)(&u“’ ?) m, = my (1 m;_)

Note, that the axes of plasma formations are orientated
I'andomly Inserti_ng (36-); to the expressions (1),we obtain the
dependences &g a versus the frequency w .

For the elligsoid form of plasma formations,an exact solution of
the polarizability exists [56]:
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where m%: £—) Ené'- =y = L(i—mz)'
In Fig.1 the dependency of functions 43(63/%) and é(ér"'yx) on

the /W) are Brssented i'or tlae ellipsoidal needlss with
.uexes g ; Y .0 =1¢em8a8= 1< ocm,N

Pm ' ~.1t 1s seen from figure :hat the localization “cditions

(S/da > 1 6sN/|< > 4 ) are fulfilled in the VTW range 4t

frequences order of 20 GHz.The optimum fre uenc at which
localization conditions are fulTilled ex StS }itimﬁﬁ frequency
18 decreased at the increasing of plasma formation Ilength L.A
plcture for cylindrical needles 1s analogical, however the
optimum frequency slightly is lower.

As a model of avalanche {lasma formations a conductin§ spheres
may be considered.The polarizability of such spheres with radius




has the form [51]:
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%n F%§2 the depimdences %(55/62 )d %d @(‘;S%) v?rsus the
unction Wh/w/ 4 are Eu:'e res e e parq.m rs of 8 res
equal to: G o > Eort et 107G TN =1 ohe.

is seen that the narrow range of fre uencles also exists at
which localization takes place.The opt frequency 1in this
case equal to o = 67 GHz. For others frequences the
observation of localization 1is complicated because of stro
decreas of scattering section &< .The window of localization
become wider at the increasing of concentration N.The increasing
of spheres radius leads to the decrease of optimum frequency.
.At the radius smaller than a certain value Ilocallzation 1is
absent for all frequenciles.
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4 Discussion and conclusion

Thus,in the system of plasma formations,arising 1in the
charged cloud of particles,the phenomenon of locallzation of
electrom etic waves takes place.Physically this corresponds to
the vanishing of the diffusion coefficlent for the waves.The
effect of localization may be observed experimentally at the
investigation of Dback scatter of electro etic
radiation.The occurrence of Ilocalizatlon 1s &also established
from measurements of the absorption coefficient [3].

The streamer formations arise also In the ordinary corona
discharge 1n a atmosphere and 1In the cover of 1lightni
channel.Therefore the etffect of localization could be observe
at the location of these discharges in the VHF range.

The effect of localization may be also cause the strong
reflection of radiation with a frequency 50 MHz from the golar
mesospheric clouds in the lonosphere,placed on the height 86 km
(61. 1s known,that the mesospheric cloyds consists ol charged
particles with concentration N = 10 cm .

The frequency region of localization i1s determined by the
parameters of plasma formations and of their
concentration.However these parameters depend also on the gas
composition and pressure.So,the conductivity of streamers in
clear nitrogen 1s essential more than In the air.Therefore the
frequency range of localization could be changed owing to
chanﬁing of characteristics of the medium.

ote,that in many cases localization takes place only 1n a
narrow range of frequencies.This needs the exact tuning of
frequency of electromagnetic radiation.This peculiarity of
localization 18 observed also In the experiment [3]1.Note that
the window of localizatiopn in the case of needles i1s wider than
for the spheric scatterers.Besides for the needles two windows
of localization at various frequencies exist.Thus,for the case
considered in f1§.1,the second window corresponds to the
Ire%uency Wo = T25 GHz.This %mgerty In a diagnostics of
scaftering medium,particularly,at the determining of relation
L/a of scatterers,may be used.
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