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Thus puper presents & method using the trangimisgion lme theory for
abtummg wn expression for the propagation constant £ for the case
when the plasma s wnwxial in nature and is moving  with a uniform
veloeity miside the cyhndrical waveguide of imner radius v, and ouler
rading 1, Both the £ and {7 waves have been considered

1 INTRODUOTION

The propagation of electromagnetic waves along plasma columng has been mvesti-
gated by Trivelpieee & Gould (1959), Sodomsky (1959). Pak (1\62) and others
and a great deal of literature 13 available on both fast and slow wave propagation
Howover, the guiding systems employed previously have all possessed stop hands
ranging from the plasma frequency to some higher frequency, the precise vahwe ol
of the highor frequency depending upon the actual gudmg systom concerned
The propagation of clectromagnelic waves along a coaxial lme partially filled with
plasma was mvestigated (Pmder 1974) because 1t was thought that this gmding
system would propagute at all frequencies higher thah the plasma frequency.
thereby enabling the propgation to be studied at frequencies close to the plasma
frequency.  The propagation of elestiomagnetic waves along such a coaxial Ime
18 best deseribed in terms of u Brillownn diagram, a graph of operating angular
frequency, w agamst a propagation constant f  Suzuki & Fukar (1969) have
representod the electromagnetic fields 1n a moving medum by using the trans-
misgion line thoory. In this paper we have presented a method using the  trans-
mission line theory for obtaming an cxpression for the propagation contstant
A for the case when the plasma is umaxial in nature and 1 also moving with s
untform veloeity mside a cylindmeal waveguide of mner radius 7, and ouver radius
15
2 Taeory

The geometry of the problem s us shown m lgure | As montioned ahove the
medium is supposed o be a uniaxial, plasma (very similar to biaxial crystal

*I'his work was done by the author when ho was at the Tohoku Umiversity, Sendw, Japan
during January 1974,
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WAVE GUIDE
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¥ig 1. Goeoumetry of the problem

having u diagonal marix dielesiric constant) moving uniformly in the = direction
ingide the cylindrical waveguide of mmer radins 7y and outer radms ry The
~dioleetric constant and permoability for a unaxial plasma can be written as

¢ 0 0 1 0 0
Yo | 0 & 0|, p—ufo 0 0 . ()
0 0 e, 0o 0 1

Now, for static coordmates the field equations can be writton as (Suzuki & Fulat
1969)
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Now in the ¢ylindrical coordinates the differential operator may be 1oprosented as

0 a
0 o PR
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v () 0 ~ “
ad 1 9
Y T of v

Assuming the phase dependence as exp(wf—fz) and reprosenting  the differential
opuerator s (4/dr) = vy,, the cquivalent dicleciric constant and permoability
can be represented as
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Now in order 10 represent the electromagnetac field my terms of the lme parameters
we agsume that when H, = 0, the propagation wave is £ wave  In the
way when B, = 0, wis the I wave which is propagating  Farther for B waves
we assume  that mode voltage V;1s proportional to the clectnie ficld E; and the
mode current £, 18 proportional to the clectric field E¢  Also for H waves,
current. [, is proportional to tho field I, and the mode voltage ¥, is proportsonal
to %,. Thus we can obtain the propagation cquations for £ and H wave which
will be the funetion of »  For £ waves we have

sanme
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Trom cqs (7) and (8) we can get

{ :.Vr("Vr)'l' kc"’} Al UN ()

where

1 ¢
* = b :‘: D) ey (@t A, By = w® poty

Now rewriting eq (8) us

I _.Wifz‘)’ v, ... (10)
ky?
We can caleulate the voltage T and the current £, and these can be represented
s
Vy = ATy(k,V)
1

H

A weyesr
I= =y 5 ke J

where J,, and J, are the Bessel lunctions of zeroth and first. order respectively

Thus the input impedance at r = #, may be represented as

) . _V,l,(r") L Jolkyr)
Zm(7ll) - = rl(r(’.) ]wt‘_,(,._. JI(k|;'l'(,) 3 wre (12)

and similarly the owupuv impedance can he representod as

(
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Then in ovder that the Jongitudmal resonunce may take place mside the wave-
guide the total impedance should he zero  So, Z;,+Z, — 0 and from cqs (12)
and (13) we goet

ke Jo(kero)

ve = , o (14
ty J1(kc'r0) Q[,IR(Q“T,,, Qllrl) ( )
trom which, the propagation constant # may he caleulated  Similarly for II
waves we have

av,

— 228 = o], e (15)

- a_alrz =j 0_; A . (16)



736 D. C. Agarwal

where
2
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Proceeding as before, from egs (15) and (16) we may get an expression for the
propagaticn constant £ as

{:‘ VAT | l"cz} Iy=0
I~ ;]’—{e,lc,,’az—(mgl—l-ﬂ)z}. - (1T

3. SUMMARY

In this paper we have presented a mothod using the transmission line theory
for obtainme an expression for the propagation constant 2 for the caso when the
plasma 15 unisxial in natwre and 1 moving with a uniform velocjty inside a cvlm-
drical waveguide of inner radius 7, and outer radius ;- Both the Z and 77 waves
have been considered. )
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