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A method for establishina
the parameters of equal - reflection plasma

Bicolae Marimescu and Rudolf Nistor

In this paper is presented a method to find the conditions of
existence for anisotropic different plasmas which present the same refleétion
coeffizient. The analytical dependence of the compléx reflection coefficient
oo the plasma parameters was examinated. Then the numerical calculations were
made with the use of a computer. The results oif these calcuiations hawe been
plotted on & special diagram thus sllowing the direot determination of the plasma
parame ters “’p/w. wy/w, v/w with the reflection cosfficient being known from
measurements mnd on of the sbow mentioned parameters, or to establish what
are the distinct sets of values for the plassa paramoters wp, w , v for
which the same reflection cosfficient is obtained. The method also could bLe
applied in two both cases of plasma explored by a means of TEM mode and

by guided waves respectively.



I.INTROODUCTI1ON

In the presence of an éxterior magnetic field ;o the elec-
tromagnetic properties of a plasma are drastically modified. In
%“his case the plasma becomes electrically anisotropic i.e. the
permeability remains equal to u; but its permitivity becomes a
teasor [(1]. Plasma behaves as a douktly refracting mediur and exhi- °
b1ts band-pass cnnracteristico; That is, for a certain frequency
ranges, depending upon the plasma properties and the strength and
direction of the magnetic field relative to the incident wave, the
plasma is transparent to radio waves, while the other frequency
ranges it is opaque. In two peculiar cases of propagation namely
perpendicular and parallel to ;o could be distinguished four prin-
cipal or characteristic waﬁes [2] whose polarisation does not
change during the propagation. These waves exhibits resonance fre-
quencies and cutt-off frequencies who delimit the propagation
regions (pass-band) trom the evanescent region (stop-band). This
means that for specific conditions, radio energy at frequencies
well below the plasma frequency can penetrate through the nlagma.

In the case in which ;° is collineary to one of the coordi-
nate axes say z direction of & rectangular system, the dielectric
tensor from which the propagatfion characteristics can be determined

is written:

£11 = Jega 0.,
‘?; =/Jeqa ces O ' (1)
) 0 Ly

where the element of the matrix are
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The introduced symbols in (2), (3) and (4) have all the well-known
significations .
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s the plasma frequency,

n - is the free electron comncentration,
e,m - are the electronic charge and mass respectively,
o " is the permitivity of free space,

w/3s- 18 the wave frequency, v is the collisiom frequency
snd respectively,

°

Wy =558 (6)
denotes the elqctrom cyclotron frequency.

1f the plane wave sources is such oriented that the propa-
gation vector is parallel to ;o (1.e. along the z-axis) the plan
polarized Bx, E.y vwave impinging on the plasma is splitted intc two
circularly polarized waves of opposite sense of rotation. The per-’
mittivitysof the two circularly polarizéd waves :, = c4* cq2 i9
gives by: -



w2(e ¥ w) w2
e, =1--R___ 0 -3 —-2 (7)
- wl(w +wb)2+ v2} w[(“""“b)z*\’zl

The + signes are associated with the two opposite senses of rota-
tion of the circularly polarized waves.
In the cases in wuich ﬁo is perpendicular on the propsga-

tion direction (say along the x axis) the plasma permittivity is

writtern:
€11 C 0
-
t-’.p = 0 €22 ‘jt:z (8)
0 jeaa €aa

where the elements of the matrix are given by:

(v _Jw)?
€qs =1 - P (9)
i- jv/e
<9p/w)=<1 - jv/w)
€2 = 1 - ' (10)
(1 - Jv/u)2 - (wb/w)2
(w_/w)? (w, /w) )
£33 = P b (11)

(1 = $3/0)3 = (up/»)?

The permitiyity of the ordinary and extriaordinary wave respectively

are given by :

. o2 o oy _ )
tor =1 - —_—R . .y R (12)
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2. THE REFLECTION COEFFICIENT AND THE WAVE 1MPEDANCE'
OF THE PLASMA REGION '

The reflection cuefficient R could be expressed in terms

of the normalized input impedaance of the plasma regicn bt the

relationship?
z -1
R = -2 (14)
+
zp 1
where
. ]
= Y o
zp lzpie & ’ (15)
p
and therefore lzpl ,¥ may be written as: T
1
jz_|= (16)
P ya aph
IJ(Ret) + (Ims) ]
respectively N
1 'Ime
4 = 5 are tg (’_ﬁ';e_) {17)

where ¢ could be either ¢ + or e _, ¢

o’ "ex
The following expression for modulus and argument of the

reflection coefficient ¢nuld be obtained:

WIa312-1)2 + 412,13 stnsr]"®

iRl = " (18)
lzpl + Zizpl cos v + 1
2iz_| sin ¥
p = arc tg R (18)
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3. THE ANALYTICAL AND GRAPHYCAL REPRESENTATIONS OF
THE REFLECTION COEFFICIENT

From (14) it follows that waves impedance is expressed in .
terms of the reflection coefficient by the relationqbip:
1 - IR12 21_(R)

1z | = - + 2 -~
P [R(r)-1]2 + [1 (R)]2 MR (R)-1]2 +[1(R)!2

20)

By identifying the imaginmary and realy terms of the equation (20)

it follows that:

[RG(R) -1]1% + [Im(B)]’ 1
= (21)
21 (R) Im(zp)

[R(R) - 112 + [1 (R)}2 ¢ P

From (19) results:

3

]l (23)

a
1 1
'lRe(R) - 112+ [1AR) - — 1] = [—
. ' Im(zp) Im(zp)

Takang into account that in (22), (Rj2 = [Ry(R)]3 + (I (R)]2 and

using (23) the following expression can be derived

R (z ) 2 k. (z ) @
[In(R) + =21 + (R (R)]* = [1 + - 5B (245
lm(zp Im(zp)

Th2 expressions (23) and (24) are the analytical forms of two

1 R (s)) 2
and r, = V1 +(2 Ry

.families |, nf circles with radii r =

\ : xm(zp

: R.(z )
. 1 (-]

respertively and having the centres in 1, — and O,- ——T—n

. ' Iﬂ( zp; . ] I' lp)

Tn(zy)



In the cartesian representatiop of the complex plane h‘(k). I (B

the two fumilieés are represented in fig. 1. The z variation is
similar té a shift of the two centres along the line x=0, x=1.
The circles of minimum radius are pbtnined ;rom the (21) and (232)
when Im(zp) = 0 or-Re(zp) = 0 and they have the values O and 1
respectively. From the expressiong (16), (17) 1t could be seen
that z_ is a function of fouf varisbles: w, w

P P
graphycal family could be obtained by varying one of the four

,v,ub.Soa

parameters while the other thfee remain.unchanged.

4. WAVEGUIDE COMPLETELY FILLED WITH PLASMA (AXTAL 30)

The method previously presented could be applied both to
free space plasma and toa plasma contented in microwave circuit
elements.

Opposite to *he propagation of the plane wave TEM in un-
jounded plasma some cohstraints appear during the propagation of
certain types of polarization in a plasma contented in a waveguide
due to the presence of the metallic walls.

For instance the shift of the polarizing plane for a rectan-
gular waveguide filled with plasma cannot occur in the presence of
a static magnetic field §o‘para11e1 to the propagation (1] and if
éo is parallel to the géeat wall or  to the smalil wall, only the
extraordinary mode or the ordinary mode could be propagated
respectively.

If the waveguide is filled with a homogeneous plasma, its
wave invedence normalized to the value in the absence of the plasma

is

i - ((«»é/c.»)3 &
% - !
& - (uc/u)3

(25)
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where o , denotes ithe critical freqﬂency»Of the waveguide without
plasma, €p the equiﬁarent dielectric constant of the planma.

To give a few examples for the manner in which the above
method could be applied, some situations have been considered in
which a circular waveguide (wc/w = 0.5) fillea with plasma imersed
in a magnetic field ;o could be found. .

1. lhat value are to be given to the taveguide reflection
coefficient (in both module and phase) if the plasma parameters
ana bo are known. To solye the problem (25) has been introduced in

(23) and {24): in which y/w and »_,w have Deen fixed to the vaiues

v/iw = 0.7, wy/w = 0.5 and up/w hl: been saken to generate the
family of ci;cles. In fig. 2 the centrés and the radii of the
cutves in the families given by (23) snd (24) obtained by & compu-
‘ter calcnlution,huvo been ﬁro-optod; In the figure 1t'ean be
noticed that the vector in IRi - plane whose end is given by the
intersection of the circles for the same B, in the two ditferent
families indicates bw its lemgth the module of the'reflection
coefficient and by ;5é'aqcle to the abscissa axis - the phase.

Pecularly if uw /u = 1.5 then [R| = 0.85 ¢ = 120°

3. The paraseters ,/uw and wp/u for the plasma waveguide
are known; what value is to be given to the magnetic field in
which plaswa is immersed to obtain a desired reflection coefficient
with respect to a certain frequency of the wave in the guide. The
above procedure could be spplied once again, obtaining the two
circle families upon which the wector corresponding' to the desired
reflection coefficient is superposed. 1f the end of the vector
reaches the iutersection of two curves for the sam? B, in the two
families, than this B, is the one needed; if not the problem is

solutionless.
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8. lat two circular waveguides filled with two plasmas
'havirg wp/m = 2, vu = 0.7 and up/m = 2, vie = 0.5 resaectively
are¢ given what Bre the magnetic fielcs Bol and 802 respectively
.in which the plasmas have to be immersed to obtain:

a) the same module of reflecticn coefficient and

b) the same phase of refiexion coefficient.

The prccedure above has been done by computer, ‘for each
plasma, obtaining families of curves (23) arnd (24) respectively
(fig. 2 and fig. 3). Prom these figures the points having.

@/ = 0.1,71.0; 1.5; 2.0 have been chosen and plotted on a
In(zp)/'l!e(zp)' diagram (fig. 4). The condition of equal module ave
given by the points to be found on the same circumference centered
in the origin of the coordinates. As fig. 4 shows, these points
are 1(0ﬁ[.-. 2, vJju = 0.5, ub/u = 0:5) and 8(09/9 =2 vw=0.7
ub/u - 2_). To get the parameters of equal phase reflexion coefn'-
clent plasmas we have to look for the point layed on the same line
which passed through th; origin of the coordinates. as ﬁ.'g.. 4
shows, these points are 3(uplc_n = 2 v/fuw=0.5, "b/'" = 1.0) and
.O(UP/U = 3, v/Q = 0,7, ub/u = 1.58).

5. CoONCLUST ONS

Certain simplifying assumptions were considered in order to
perfom'this study, Namely we assumed a uniform homogeneous and
uot_gopic plasma; the io' fiéld in which the plasma is ismerged was
also assumed to be uniform and h0mogensous; the influence of the
metallic vessel vith helding the plasma was assumed to be
regligible.

We have also to mention that we have neglected the energetic
balance for the inmteraction plasma-~immersion field, being known

+hat there is an increase in concentcstion and electronic
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temperature once Bo is increased. The laws to which these changes
obey are rather complicated depending on the nature and pressure
of the gas the design of the vessel and the gradient of magnetic
field. We note that the above method can be equally applied with-
out neglecting the changes in electron concenfration with respect

-

to Bo'once the variation law m = n(B,)) is known.
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FIGURE CAPTIONS

Pig. 1. Typical dependence of curves famjlies (23) and (24)

Pig. 2. Superposition of curve families (23) and (24) for
up/u- 2 v/u=2@.,7

Fig. 3. Superposition of gurve families (23) and (24) for
up/u =2, v/wum=20.5

- Pig. 4. Equal modulus points l(up/u =2, v/esws 0.5,
"’b/" = 0.8), O(uplu =2, vie=0.7, ub/u = 2),

* and equal phase polats 2(up/u = 2, vie= 0.5,
w,/¢ + 1.0) and U(uplv.- 2, v/o = 0.7, v,/w = 1.5)
obtained from fig. 2 aad fig. 3.
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