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A cylindrical geomotry having a conductor (radius ¢,). ving source
(radius @), air column (radius b), gascous plasma (radius ¢). solid state
semiconductor plasma (radius d) and gaseous plasma colunim (radius ¢)
s studied.  This multilayored system gives radiation  peaks for
particular values of b, e. d and ¢ while the source of excitation boing
the ring of maguetic currents. The amplitude of these radiation
peaks gots alfected with the change in theso parameters. Almost
in all the cases radiation pattern happens to be of the samo nature
in the directions from 71° 1o 90°,

1. INTRODUOTION

Excitation of leaky waves on plasma columns was studied by Tamiv of al (1962,
1963). They considorod the exewation of leaky waves on plasma surfaces.
Gupta et al (1967) diseussed the radiation pattorn due to ring sonrce while plasma
column was assumed to be eylindrieal shaped and extending upto infinity in
axial direction. They also interprotted this type of pattorn due to leaky waves,
Welonhanced peaks heioro and near critical angle wero obtained by Dhani Ram
et al (1972) whon they included a central conductor along tho z-axis of the eylin-
drical coordinates. They assumed the source to be immorsed in plasma which
unfortunately for experiments poses a serious problem. To be safe on the
cxperimental side Sharma et al (1975) discussed the problem assuming the ring
source situated outside the plasma column. In continuance of tho above cited
work hero we have studiod the plasma columns with the hely: of ring of magnetic
cufrents. Plasma columns are assumed to bo homogoneous, loseless, isotropic
and in-compressible in nature while the semiconductor plasma column heing
lossy in naturo. The columns are assumed to be extending upto infinity along
z-axis and the source is placod in z = 0 plane.

2. ANALYSIS

Stating from the Maxwoell’s equations (Dhani Ram et al 1972, and Sharma
¢t al 1975) one can expand the inhomogeneous eqn. in cylindrical coordinates
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for the first asymmetrical mode and can come across with the solution in the form
of hessel’s and hankol’s functions which can bo given as,

Iy = Ay y(0ep)+B Y (vyp) oy < p < (la)
Iy = Agd (vep)-F By Y (vep) @< p <2 b (1b)
hy — Agdy(vp)--BgY(vyp) b<p<c (1c)
hy = Agd((0p* + By Y (vap) ¢ << p<d (19)
hy = Ay y(3p) + By Yy(oyp)  d < p-Ze (le)

Agll W (vyp) C-Lp (1)

whore £ s Fouricr transform of 14 given by

h(p. kz) = ? 1l g(p. =)e o2 diy

—

ad the inverse transform is given by
o0
Hy(p,z) = [ Mp,z)e %2 dk,
—00

Ji, Yo, and L are rospectively bassel function of first. kind, 2nd kind and
handels function of first. kind of »#-th order

ngE = e — k2t 0 — Wiy - b and ot = byt~ ket .

whore e, gy, G 0ty and Az wre vespectivoly the source [requency [ree space
permoability, permittivity, rolative permittivity ol gascous plasma, somiconduc-
tor plasma awd propagation voctor,

Applying the proper houndary conditions (Dhani Ram et ol 1972) and
substituting Az =k, Sin . the magnitude of the radiation field ean be made
known with the help of steepest descent method of saddle point integration
(Sharma ¢ al 1975). Now | Agkz = kosin 0)| will give the magnitude of the
radiation mode of the structure analysed here. The expression for A4, consists
of bossel's functions, hankol's functions, ¢y, vy, ¢, ete. and happens to be longthy.

The oxpression for g reads

| 1‘:711
el =] g
Ry — Boglly — Ry Boy By = Bog(Lqy—Lisg)
5 L , RR
Ry o= Rog— Ly 3 fiyy =T
]"SIng [\ T 'EMRW

R = Ry R. 7 = Ra



Excitation of plasma columns

By = Rr.sRue
-sz = RvoRt)-z +R04Ran
Rag = Rogllpy—RoyRog

B — L5005

Ry = ByglRyg-- Ryl

Bz —= Loy iy, — By ly,
Ry = ByByg— Ry Ry,

Rl

I
R4y = Rollyy—Rglhiyy
By = Beligg— By B,
Ryg — gy

Ry = BRyRgg—aly,

R:m = RaRaa

Ry, = RyRRy— R Ry

Ry = v, Yo(vy€), V[
Ry —= Hy(vye), /.
Ryy = 6,0, Y ((vod). R
Roy == €0, Jg(01d), Ry
Ry — Y, (v,d), Ry,
By = €3 o(v16), Ry
Ry; = Yy(vy0), Bye

Boy = Ry Rys+ RepRos
Ryy = RyyRoy— Roy Ry
Ryy = RopRyq— Rag R
Ryy = RyyRy,

Ray = RygRog— RooRys

ol » >
Ry - ByoRyy— RygFys
Jb54JU,‘l4
Rr-s - R
an

Ryg - Bygllyy, — Ry Ry
L5y — Bygdig,— Ry Ly,
Ky = Loy llyy— By lqg

Ry dlyy

Ryg = Rys-1- Ry

Rlgy — HoqByy— By 12y,

Rag == Byltyy—RypRy
By — £y B
Ry = RyRy,
R,y = RggRy— RygRy,
Ryg — RoRy — R RRy

g = T,
— vy o(vy0), By = eyv,H j(v4e)
= ¥,(v0), Logy = Jy(v,4€)
= ¢V 1(Vod).  Ryy = €,0, Y o(v4d)
= Vy(vyd), Ry = Jy(v,d)
= Jy(vd), Ry = €0, Y o(v5¢)
= Uy Yo(ve€), g = €y0,Jy(v5C)
= J1(vy€), Ry = Y,(vs0)
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Ly = Jy(vy0). Ry = v, Y (mb). Ry, = v3J ()
Ryy = e, Yy(vb), Ry = ewegdolvgd), Ry = Yy(vya)
RRg — J\(vya). R, — Y,(vb), R, = Jy(vgh)
Ry = Y,(vb), R, = J,(n)), 1y = vaaY(vea)— Y,(vya)
Ry = vgud j(va) -Jy(vgn). By — Yo(vety), £y = Jo(veay).

| 44| has been computed with the help of TBM-1130 computer for the differont,
values of the various parameters e.g. «, a, b, c. d and ¢.

3. REesurrs AND CONCLUSION

Thoeorotical computod values of | A] 1e. for the magmtude of the radiation
field have heen given for numerical values ol the various parameters given ags
10 = 21 x 10" vad seet &, — 27/3 em~t. wy, (gaseous plasma olectron [requeney
= 2 10% rad soe™?, wp, — 1-57 £ 101 rad see™? (for Ga-As type semiconductor)
and v, (collision frequency of the semiconductor plasma column) = 10 x 1012
sec~!  Thoe various features of the radiation pattern arve following :

3.1 Effect of radii of conductor and ring source

The change in @; and a does not cause any important. variation in the field
pattern,  The pattern contains the fow peaks and almost the same intensity of
the radiation field beyond 72".  One plot for kg — 4188 has boon given in the

Yy 1 o : R
figure with dotted line. This plot gives the general behaviour of the field amypli-
g T g g I
tude with kyz i.e. . Tho samoe kind of variation was computed in the radiation

()
field when the change in @, occurs. This is not veported here.

3.2 Effect of the radius of the air colwmn

One plot is givon for kb = 6-178 with dot and cross in the figure. This
shows tho general nature of the field pattern with change in b.

Table 1. Effect of change in b on radiation pattern
Valuos of the various parameters

koty = 0-200.  koa = 3-874. leoh = 5235

koc = 7-330, kyd = 9424 and kye = 11-519

Divoction of Magnitudo of tho radiation field
radiation poak (in rel. units)
(in dogreos) - - - _
Iegh = B.55 kod = 6.178 kob = 6.80
01 0.276743 0.310689 1.306506
62 0.397806 0.312761 1.100239
64 0.140932 1.637926 4.336998

71 2.466507 0.058649 0.003632
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The peak occurs at 64°. Also in 71° 10 74° thore occurs no  radiation.
Beyond 74° the magnitude of the field almost attains the constant value upto 90°.
Fow more data are also given in table 1 for change in b, These data show that
peaks appear and diminish with change in . The maximum intense peak
appears in the direction of 71° for kb — 555

HOR

=+= kob = 6178 kye ~ 11519 kja=3-B/4 )

[ kg = 1633 hob 5235 kgas 38 j
- hpa ~ 4188 koe w1519 kobe5.235

Kod, = 0: 200 I
ko€ = 7330

nrel.u tst

FIELD X3!
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! L L ) " L L 4 n il l
© 12 18 24 30 36 42 4B 54 60 66 72 78 84 90
M (i degrees’

Fig. 1. Varuiion of the amplitudo of the mdisgtion ficld with change m b, ¢ and a.

3.3 Effect of change v radius of gaseous plasma columi (inner)
The change in ke atfeets the radiation pattern appreciably as oxhibited in
table 2. In dircetions 617, 62° and 74" to 78" there occurs the coutinuous

Table 2. Etfect of change m . on radiation pattern

Direction of Magnitude of the rudhation fiold
radiation peak (m rol. units)
(in degroes) - —— <. —

kot = 8371 ko= 9424 kop = 10.47)
61 - .(T.‘947127 0. IﬁEl;I—')- B .;)-mg(i"m
62 5.271645 0.139819 0.062010
71 0.187475 0.360985 0.198519
72 0. 3376 1.000000 1.00000¢C
T4to 78 1.000000 No radiation No radiation

decroase in the amplitude of the radiation field when incrcase in ¢ is caused.
In the region viewed through 74° to 78° the decrease in the amplitude occurs
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so drastically that for ke = 9-424 and ke = 10-471 the directions (74° to 78°)
have no radiation field at all. The strongost peak happons tc be in the direction

of 62° for k., — 8377.
3.4 Effect of change in radius of the semiconductor plasma (d)

This is ghown ir table 3. No regular feature can be pointed out by viewing
this table.  For some directions, the increase in ‘@’ causos the decrease in ampli-

Table 3.  Effect of change m d on radiation pattersy

Diroction of Magnitnde of the radiation field
radiation ponk (m rel. units)
(in dogroes) _— —_—

Iegd = 9.738 Tegd == 10053 kod = 10,995

61 1.260337 0.0952770 (

. 288067

)
02 3.058328 0.0179776 0.042661
byl 0.107812 0.0530960 18.441030
H8 0.159423 10.,8036100 0.218746
70 0.482713 2.5968930 (.520023
71 1.751459 0.0939700 0.027993

tude of the fiold whilo for somo other ones. incrcase in that. The maximum
intense radiation peak oceurs at 57° for kyd — 10-995. .

3.5  Hffect of change in radius of the outer gaseous plusma columa C'

For ky = 11-833 the plot is given with solid line  The peak oceur at 62°
for this value of ke, In 61°, 62°, 71° and 72° diroctions the increase in e gives
the continuous inerease in the magnitude of the radiation ficld while no change
in magnitude is found at 72°.  Another important {eature of the pattern is the
oveurrence of vanishing amplitudo of the fiold in tho rogion viewed through 74°
to 79° diroctions.

Tablo 4. Effoct of change in e on radiation pattern

Direction of Magnitude of tho radiation field
radiaticn poak (in rol. unitg)

(in degroes) - —

lge = 11.833 ke = 12,147 koe == 12.461

61 0.562195 0.679040 0.775576
62 1.5563001 2.231304 2.887645
71 0.172674 0.175839 0.180503
72 1.000000 1.000000 1.000000

74to 79 No radiation No radiation No radiation
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Having a glance at the above results one can conclude that tho theorctically
calculated radiation patiern is appreciably affected with tho change in b, ¢, d
and ¢. For particular values of these parametors theve oceurs cortain peaks of
radiation which may happon to be useful while sending the signal in some pro-
forred directions. The geometry analysed here comes into exmtence whils a
radiating antonna having a central conductor. semiconductor column and ring
source (placed in between thom) encounters the ionospheric plasma which consti-
tutes the inner and outer layer of the gascous plasma leaving the ring in the air
The physical explanation can be borrowed from Tawin of al (1962 1963) wnd
Dhani Ram et al (1972) to oxcite such geometrios with sources
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