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RAY DEFLECTIONS IN NON-HOMOGENEOUS
PLASMA CLUSTERSY
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have been derived. This system of equations is advantageous for its simple numerical

integration and a possibility of finding both the space and the time behaviour of the
ray.

L INTRODUCTION

of plasma :o:-roEomosﬂ.:om, in estimates of the concentration and the other
parameaters of the plasma [1].

Let us denote by v the phase velocity of the electromagnetic wave with the
frequency w and the wave vector k:

[
e (1)

The unit vector in the direction of the wave propagation is
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written in the form [2]

®° = 0} + k%, (3)
where
2
w,= |1 4)
§\~wo

is the plasma frequency and # is the plasma concentration. With the aid of eq.
(3) we can obtain for the refractive index 4 = ck/w a formula

;\n/\ |@W (5)
w

As usual w, < @, we can write

; (6)

2w?

The deflection angle of the ray @ is in most cases calculated from the relation
{1, 3]

nﬂ%% wu\;&w amneﬁfe\”, (7
N Oy

which is valid for small deflection angles from the x axis only and that is why
approximately there takes place the relation

a=| L3 4 @)

N Oy

This relation does not take into account the gradient of the refractive index
in a general direction and so the ray deflection in all the three dimensions.
Furthermore, egs. (7), (8) are valid for small deflecations only and the limits of
integration could in some cases be hardly determined. A quite different and
sufficiently general method of description of this phenomenon via a system of
ordinary differential equations of the first order will be treated in this paper.

Il. EQUATIONS OF SPACE DEFLECTION

Deriving the equations of the space deflection of the ray, time will be taken
as a parameter describing the ray trajectory. In the simple two-dimensional case
in Fig. 1 it can be seen that for two sufficiently near points A, Band a sufficiently
short time interval &¢ the deflection angle of the ray will be
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_ B =B — a4~ 4y LB —v))sr 4
%Qf. - % _—— = Inllc
1B — 4] 1B~ 4 e_& ®)

Permitting the limits 4y -0, 6t -0, we get

v
da= - 24,
% (10)
This relation gives
da=- 344, (11)
AT dy

where the fact m.:m.: V= c¢/A has been used. If we used the length / (r) as a
parameter describing the ray trajectory, the eq. (11) gives

da=— = q; (12)

a)

X

Fig. 1. .;w ray deflection in the plasma non-homogeneity in the two-dimensional case. a) a
schematic figure b) the mechanism of deflection (A, B — two near points of the waveform)

In the three-dimensional case, the instantaneous axis of revolution (deflec-

:.o& wm the ray is perpendicular both to the phase velocity gradient and to the
direction of the ray propagation, i.e.

aaH:ucxxvm: (13)
or

da = :\w:g x x)dz. (14)

Hrn vector ais directed along the axis of deflection of the ray and its magnitude
1s equal to the deflection angle.
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Under an infinitesimal rotation through an angle da the unit vector s in the
direction of the ray propagation transforms according to

#( + 81) = #(1) + Sa x x(1). (15)
With the aid of the previously derived eq. (14) we can show that

dx c

= —— (VAN x %) x x, 16

iyt ) (16)
ie.

dx c -

MIHIJ:@“\IC? VA") x]. (17)

‘ 2

The points of the ray trajeactory satisfy the eq. dx/df = v (time is the
parameter describing the trajectory), i.e.

Having assumed .4~ (%) to be the known function given via space distribution of
the plasma concentration in the inhomogeneity and a relation (5) or (6), then the
system of equations (17), (1 8) is the system of the ordinary differential equations
of the first order for the functions (), x(1).

Hl. SOME OTHER QUESTIONS CONCERNING SPACE DEFLECTIONS

From the initial configuration of the ray x(f,), #(ty) we can determine with
the help of the system of egs. (17), (18) the vectors x(1), (1) for every time .
The total deflection angle at the time ¢ can be obtained from the relation

cos a(t) = x(1). x(z,), (19)
Le.
a(t) = arccos (x(t) . %#(1y)). (20)

Let us show now that for the situation from Fig. 1 (04 /0x = 0N [0z =
= %. = 0; @ < 1) the equations of the space deflection (17), (18) give the eq. (1 1)
for the two-dimensional case. Under the assumptions mentioned above we have
from (17)

MSH I%N. w»%x,.x_, @1
t A Qy )
dx, _ ¢ @I&MC — x2). (22)
dr  #? oy ‘
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In this case

»# = (cos g, sin q, 0) (23)
and both eq. (21) and eq. (22) give the relation

a’Q e o cos a, (24)

dr #? oy

which for the small angles a (cos & & 1) changes into eq. (11).

Let us remark that instead of the system of the six equations (17), (18) of the
first order we could use a system of three equations of the second order.
Substituting » from (18) into (17), we get after simple manipulation

2 2
a»»‘”Inl .\A\.DIWIAN\A\Q‘»‘vm\M. ANMV
de* 3 N dt/ dt

For the numerical integration the system of eqgs. (17), (18) is more suitable.
Furthermore, the total deflection angle can be better determined from it.

IV. CONCLUSION

The system of differential equations for space deflections derived in this paper
can be transformed into nondimensional variables and easily numerically inte-
grated. If the space distribution n(x) of the plasma concentration in the non-
homogeneity (i.e. the refractive index function A47(x)) is known, the light ray
trajectory can be determined from the system of egs. (17), (18). The system of
equations presented here holds for the deflections with an arbitrary magnitude
and the concentration gradient can have a quite general direction.
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OTKJIOHEHME JIYYA B HEOAHOPOJHBIX TJIAMEHHBIX KJIACTEPAX

B nactosusei pabore PaCCMOTPEHO IPOCTPAHCTBEHHOE OTKJIOHEHHE CBETOBLIX Jy4edt B HeoA-
HOpOAHOH nnaime. Bbina suiBeneHa cucrema auddepeHunanbHBIX ypasHe uil NepBoro nopsaaka,
OTHCRIBAIOLIAS TIDOXOXKACHHME Nyuelt uepes [1a3My C ONpEJENEHHbIM NPOCTPAHCTBEHHBIM pac-
TIPCACACHUCM W KOHUEHTpauueil. I71a cuctema YPaBHEHHUIA NPABNEKATEABHA TEM, YTO €6 MOKHO
POCTO HHUC.ICHHO NPOUHTErPHPOBATH. TO M03BOMAET HANTH KAK NPOCTPAaHCTBEHHOE, TaK M BPEMEH-
HOE NOBEACHHUE [Tyua.
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