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The scattering cross-section has been derived by an a,pprommate method for a thin plasma plate and for
thin spherical and conical shells. The computed results for scattoring cross-section for a plate and spherical
and - conicel shells a1e obtained. The results are presented in the form of scattering - cross-section aspect
angle plane. .

Recent developments in .8pace technology have led to many researches in the electromagnetlc
theory of a plasma medium. Scattering, reflection and radiation by & plasma is important not only as a
part of electromagnetic wave theory, but also in space communication technology. The problem of -

‘scattering of electromagnetic waves in plasmas has attracted considerable attention, since this pheno-

menon is related tolong range atmospheric propagation of short waves beyond the limits of the ‘‘radio
horizon”—the idea for the explanation for the scattering of electromagnetic waves is taken from Booker
and Gorden’s theory?. The theory of scattering of plane electromagnetic waves from an isotropic sphere
has been presented by Stratton®. It isrecognized that scattering is responsible for radar Teturn sngnals
from the wakes of high speed re-entry objects..

This paper presents some theoretlcal aspects for scattering cross-section for plasma containers with
computed results. :

THEORETICAL APPROACH TO THE PROBLEM

When an electromagnetic wave is incident on a plasma, a polarization current?® is induced which pro-
duces a scattered radiation pattern. We know that the polarization current density at each point of

. the plasma body is proportional to the total electric field at that point and the field of the scattered wave

from other points of the plasma. The polarization current density is given by
it ==jwle, —e)E '

where ep 18 the plasma dielectric constant and e, is the free space dielectric constant. For this approxuna-
tion, each dielectric sheet is replaced by an infinitely thin polarization current?sheet located at the centre
of the original sheet. The resulting boundary value problem can be rigorously solved by the Wiener Hopf
or related function-theoretic technique®®. The solution gives the expressions for the reflection and
transmission coefficients in terms of the eigenvalues of propagation constant for the problem.

Here, the solution for the total electrickf_.ieldhin a plasma (complex medium) is difficult, but under
certain conditions scattering cross-section may be obtained by the use of first order approximation of
the total electric field. To find out the electric field within a thin plasma sheet, we consider a case of
arbitrary incidence angle on an infinite ~plasma sheet. In order to solve the problem, we have the
following boundary conditions as the thickness of the sheet decreases

(a) the field outside the plasma approaches the incident field,
(b) the tangential electric field within the plasma approaches the tangential incident electric field,

(¢) the normal electric field within the plasma approaehes €/, times the normal incident field.

On this basis, the differential scattering® for far field by a small differential area d4 of a thin -
walled plasma is given by

Eb. k2 €p - %o o exp(-32kR)
d[f] 477(“ 1)[1 (1 -%—)sm 0] £l . tdd (1)

where E; is the amplitude of the incidenf linear plane wave, E, is the back scattered field of the incident
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. polarization, R is the distance to the seé{tteringf element, § is the angle between the incident electric field
' and plane tangent to the surface, ¢ is the wall thickness, and & = w/c = 2m/A. ' .

- For a conducting area element, physical oi)tics yields a differential contribution to the back SGa,t'ter"—
- ed far field given’ by S

E,1_ —jk exp(—j2kR) .
d[E]—ﬂﬂf R -44., : @)
when .. S 5 (cp/eof-l) <<l

“Hence ’the"dieléctriq-body scatters much legs than pond/uctoré"((say, plasma). For t‘khe.scatt,ering’ CTO8s-
section (1) is integrated over the surface and the following relation® is applied - EREN
. | o=4nR|L,[Ef )
In order to check this'technique analytically we consider a square plate of side length § whose scatter- :
ing cross-section for the TE-wave (electric field parallel to the surface) is given by L
' sin (kS sing) 2

ME = B8 Hele~D) ey | @

where $ is the ‘angle of incidence relative to broadside.

For a TM-wave (magnetic field parallel to the surface) scatbering eross-section is
2 . o
tM = °TE [1—(1-—:£)sin2e] )

0
" Also, for a spherical shell of radius a, the scattering cross-section is given by
: ) ; sin (2 ,ka), cos (2 ka)

kat (epfe, "'-(1) (Sln(2 lyf@‘)":”[l-‘-—’eo/ep][ (@R T 2ka ])
For.a conical shell (without a base) in which the dielectric constant is so low that (1——¢p/ep) sin? 6 may

be set equal to zero in (1), the back scattered field for nose-on incidence is given by

E.g t ’ t 2 ! ., ) . ] _.2 R '
g, =g (wlo—1) [%J[(l+;2kL)exp(-y2kL)—-1]. exp(Ri k Ry) -

 where L is the cone lehgth, 4 is the cone angle, and RO is the distance from the base.

2

(6)

o =17

The scattering cross-section for a TH-wave (electric field parallel to the surface) for the plasma conical
shell simplifies to :

o “ tan ¥/2 |2 |
o=~ lktL(Gp/F‘o'—l) W‘ sik
and ' ?
g | . tan 2\ sin (kL sin ¢) f2
Opp — T , (IctL(ep/eo-- 1) cos 92 ) kL sin ¢ J'

. For a TM-wave (magnetic field parallel to the surface) the scattering cross-section from (5) is
given by o :
' Oy = Opp [ 1—(1—¢feg) sin? g - (9)
RESULTS AND DISCUSSION

Tig. 1 gives calculated results for two typés of polarizations for a plasma square plate 5”x5"x1/5"
(side length 8 =5 inch and thickness ¢ = 1/5 inch) with ep/e; = 0+5 at 2000 MH,. The results for a spherical

shell for low frequency limit are given in Tables 1 & 2 for a fixed value of €p/€, == 05 and relative dielectric
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SuarMA : Wave Soattering by Plasma Containers -
, ‘ :cbnstanti near unity. Table 3 represents the scattering
L1673y : " cress-section for the limiting cases of a very small

- dielectric constant.

- For a conical shell plasma, we have¢-=— 0-00595 L,
| o LjA-=628, ¢ —45° with epfe, = 05 at 2000 MHz. The
167 o - ~ caleulated results are shown in Fig. 2. Tables 4-6
.+ represent the scattering cross-section for the limiting
~cases of a very small dielectric constant. When .we
- . o inerease the radius of the shell (or the cone length),
. ~— e M —»  the electrical size of the shell is increased for ka>>1
[ SR SR 2./0 G PO P A ST and using (6) the scattering cross—sec@on becomes
‘ . . ASPECT ANGLE (@) DEGREES ~ . o & wl kat (epleg — 1) £in (2 ka) 12, for ka>> 1 (10)

I;ig. IQ—Computed scattering cross-section for a plasma
square plate (57X 5" x 1 /87). -

SCATTERING  CROSS SECTION

From this statement we conclude that only dielectric constant and the shell thickness affect the scattering
~ _cross-section by a factor | ¢ (epfe,— 1)%. Hence it is possible to replace an actual shell with an equivalent
~thinner one of appropriately high dielectric constant® to determine the back scattering cross-section of a

thin dielectric shells. The reverse case in case of plasmas is also true. This type of problem was studied
by Aden® for a shell of arbitrary thickness but these results were, however, complicated for numerical
treatment. Table 3 also illustrates that such treatment is suitable for large spheres when the dielectric
constant is small. The scattéring in case of large sphere is produced by the front and rear surfaces where
the electric field is tangential, but for a small sphere the entire surface is considered. For the first case
‘anjle @ is equal to zero and for the second case angle 6 has a complete range. Hence, the geometrical
optics approach discussed by Peters & Thomas’ for solution for scattering from a sphere with concentric
spherical shell yields results that are most similar to the large sphere case of (10). In the cage of frustum
the net scattered field may be computed from the contribution of the full cone minus the contribution
of the removed conical tip. In the limit as the cone angle goes to zero, a frustuni becomes a cylindrical

- ring?®,

z
Z.
o
-
-3
g 107
[V
b
o L
[« 4
(9]
&
lll:' ) .E
g 10 v Ehk 4 0.00595L
00-Oter B ool Lix =628
Yy =as’
ele°=o~s
TE -WAVE TM - WAVE
& T —t= T T U T T T T T T T T T T T ’
180 140 100 60 20 0 20 60 100 140 180

ASPECT ANGLE (¢) DEGREES |

Fig. 2—Computed scattering cross-section for a conical shell of plasma (¢=0-00595L, L/A=6-28,
J—cone angle = 45°, epeg = 0°5). . )
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will be considered in a subséquent commumcatlon

bcATTLRING CROSS- SECTION FOR'A SPHLRICAL SHELL OF PLASMA : WHLN epleg

T Von.zs Jurx 1973

The present paper presents the compute‘

TABLE 1

QN‘CLUSION

results for the. scattermg cross-sectlon for a thin Walled‘

plasma square plate and spherical and conicalshells. The scattering from’ cylindrical plasma containers’
It may also be possible to reconsider this study for

three dimensional pIasma bodies for a very small dielectric ‘constant and a relative dielectric constant

very near unity by using a volume integral rather than surface integral: The application of this problem

has direct bearing to certain problems such as radar. meteorology The scattering. phenomenon is usefal -
to facilitate radar scattering cross-section control by changes “in the geometrical conﬁguratlons and

‘ .dlelectne properties of the plasma bodles (medlum) which can be varied at w1ll

0

Electrical size of the shell

B Scattering cross-'seotion

Elcctrical size of the shell

05 (FIXED VALUE) ‘

Scattering cross-section

. ka a ka o
gig%’ : g.gzzzx o 013499 X101 . 0-15442 x 101
0-20000 0-35326i5¢ 161 0-13999 x 101", 0+12267 x 101
024999 0-62761 x 1072 - 0- 1449910t - 0-90633
0-29999 O 182480 014999 100 " 0-60409
0-34999 0-27279 X 1071 - 0:15000x 101 0:34200
0+39999 0-88367x 10~ 015999 x 101 0-14179
0-44999 018779101 0-1645910% - 0:23807 707
0- 49890 0-32640 0-16999 x 101 0-62080 x 10~
0-55000 0. 50263 0+17409 3 10t 0-10306
0-60000 071244 0-17999 X 101 0-32423
0-64999 004934 0-18499 10t 0-67414
0-69999 0-12046 x 101 0:18900 107 0-11512 X 10*

. Py 0414877 X 101 019499 x 108 017478 X 101
0-79999 0-17267 X101 -, . 150010990 107 0:24498 10}
0-84999 010688101 020409 x 10 (03T
0-89999 0-21814x 10* 020099 x 101 5 04084 101
- 94900, 0-23524 x 107 0+21499 x 101 0+49614 101
0. 50699 0-24712 x 107 0-21999 x 101 0-58354 x 101

0+10499 x 101
0+10999 x 10
0-11499 x 10
0-11999 x 10t
0-12499 % 10

012999 < 10*

025203 % 10t
025212 x 101
0+24446 x 10

0-23012x 10

0-20944 x 10*
0-18396 x 10t

0-22499 x 10t
0°22999 x 10t
0+23499 x 10*
0-23999 x 10t
024499 x 10t

024999 % 101

066709 x 10*
0-74324 x 102
0-80859x 10t
086003 x 10*
0-8949 %102

0°-91119% 10*

TasLe 2

SOUATTERING CROSS-SECTION FOR A SPHERTCAL PLASMA SHELL FOR RELATIVE DIELECTRIC CONSTANT NEAR UNITY

2

Blectrical size of the shell

Scattering cross-section

Electrical size of the shell

Scattering cross-section
[

ka o ka

055000 0-24026 0:10499 x 10t 0482150
0-60000 0-31278 © 0410999 x 101  0-79093
064999 0-392%6 0411499 x 10* 0-73541
069999 0:47584 0+11999 x 10 065700
0-74999 0-55968 012499 % 10 055963
079999 068945 0+12999 x 10 0-44910
084999 0171050 0413499 x 101 0+33288
0-80009 0.76818 0+13999 % 10t 0-21994
094099 0-80817 0-14499 x 101 0-12034
099999 0-82682 0-14999 % 10t 0-44808 x 1071
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TABLE 3--

aNe Scattermg by Plasma Cont

; €1‘< < éc' ‘\

eples

Elécpriéﬁl si,z,g'é of ’the,‘ shell

Scattéi'ing ch'ss-séetgion Lo

ep/go 'Eiéct»i‘eiirsize gf’phe shell -
S ke

Seattering oross-section -’
e TR ReIOn

001
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050094 x 102
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SCATTERING CROSS SEOTION FOR A OONICAL SHELL OF PLA&MA

TA.‘BLE 5
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SCATTERING OROSS-SECTION FOR A CONICAL SHELL OF PLASMA
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