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A method for establishing 

the parameters of equal - reflection plasma 

Wieola* Marini» eu and Rudolf Vie tor 

In thla paper la preeented a aetbod to find tbe condiţiona of 

existence for anisotropic different plaaaaa which present tbe aaae reflection 

coefficient. Tbe analytical dependence of tbe complex reflection coefficient 

on tbe plasaa parameter* was exaainated. Then tbe numerical calculation» «ere 

aade with tbe uee of a computer. The result» ol these calculations bane been 

plotted on a special dlagree thus allowing tbe direot dateralaatlcn of the plasaa 

peraaeters w /w, a>. /u , v/u with the reflection coefficient being known froa p b 

measure mente and on of tbe shone aentioned paraaeters, or to establish «Hat 

are tbe dist inct sets of value» for tbe plasaa parameter» w , u , >• for 

which the sans reflection coefficient i s obtained. The method also could be 

applied, in two both cases of plasaa explored by a swan» ot TBM mode and 

by guided waves respectively. 
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In the presence of an exterior magnetic f ie ld B the e l e c 

tromagnetic properties of a plasma are drast ical ly modified. In 

•this case the plasma becomes e l ec tr i ca l ly anisotropic i . e . the 

permeability remains equal to u_ but i t s permitivity becomes a 

tensor 111. Plasma behaves as a doubly refracting mediutr. and exhi- ' 

b i t s band-pass cnaracter ls t ies . That i s , for a certain frequency 

ranges, depending upon the plasma properties and the strength and 

direction of the magnetic f i e ld relative to the incident wave, the 

plasma i s transparent to radio wt /es , while the other frequency 

ranges i t i s opaque. In two peculiar cases of propagation namely 

perpendicular and paral le l to B could be distinguished four prin

cipal or characterist ic waves [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) from the evanescent region (s°top-band). This 

means that for spec i f ic conditions, radio energy at frequencies 

well below the plasma frequency can penetrate through the piaţa*. 

In the case in which B i s collineary to one of the coordi

nate axes say z direction of a rectangular system, the d ie l ec tr i c 

tensor from which the propagation characteristics can be determined 

i s written: 

(
t u " Je»a o , 

j M a t u O (1) 

' ° 0 es:i 

where the element of the matrix are 
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ii 
« i 2 (j) 

(1 - Jv/«)a- («b/«)
a 

e,a = (3) 

(1 - Jv/»)a - C«b/M)« 

€33 « 1 P , (4) 
1 - Jv/W 

The introduced symbols in (2), (3) and (4) have all the well-known 

significations . 

•p ' <^)h <5> 

s the plasma frequency, 

n -is the free electron concentration, 

e,m - are the electronic charge and mass respectively, 

tQ - is the permitivity of free space, 

n/2«- is the wave frequency, v is the collision frequency 

sad respectively, 

Ulb - I B0 (6) 

denotes the electron cyclotron frequency. 

If the plane wave sources is such oriented that the propa-

gatlon vector is parallel to B0 (i.e. along the z-axis) the plan 

polarized Bx> E wave iwplnglng on the plasma is splitted into two 

circularly polarized waves of opposite sense of rotation. The per-' 

mlttlvitytof the two circularly polarized waves »:+ " en± c u is 

glvsa by: 
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Di3-(til + U). ) 
= 1 _ _J>_ 5 _ 

u[((j_ +<D ) 2+ v a ] u>[(u»^(i)h)
2+va] 

( 7 ) 

The + s i g n e s a r e a s s o c i a t e d wi th t h e two o p p o s i t e s enses of r o t a 

t ion of t h e c i r c u l a r l y p o l a r i z e d waves. 

In t h e c a s e s in which B i s p e r p e n d i c u l a r on the propaga

t ion d i r e c t i o n ( say a long the x a x i s ) t h e plasma p e r m i t t i v i t y i s 

w r i t t e n : 

e = 
P 

e 11 0 0 

0 eaa " j 6 " 

0 j c 3 » £aa 

T 

(8) 

where the elements of the matrix are given by: 

(V<»)a 
£11 = 1 ^ 

1 - Jv/u 
(9) 

22 (1 - jv/M)« - («h/u)
a 

(10) 

(itf / u ) ) 3 (<» b/w) 

(1 - Jv/o»)a - (« b/
M > a 

(11) 

Tbe p e r m i t i y i t y of the ordinary and extraordinary wave r e s p e c t i v e l y 

are given by : 

- 1 p 

*<>r ' " a ^ a 

c a - e a 
t. m . JJ I A -

- J "p - w " 
lit ( U a + V » ) 

(12) 

(13) 
ex 

H i 
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2. THE REFLECTION COEFFICIENT ANP THE WAVE IMPEPANCE 

OF TUB PLASMA REGION 

The r e f l ec t ion coeff ic ient R could be expressed in terms 

of the normalized input impedaace of the plasma region bx the 

relationship: 

zn - 1 
R = -* (14) 

2P + 1 

where 

z_ » l z« te J = (15) 

and therefore Iz I,f may be wri t ten as : 

Up!» (16) 
[>/(Ree)a + <I B O a l* 

respectively 

1 I_e 
T - - arc tg ( - g2_ j ( 1 7 ) 

where c could be either e + or e^, e 
— o ex 

The following expression for modulus and arguaent of the 

reflection coeff ic ient could be obtained: 

IRI . E E ( i s ) 
l z_ l a • 2 i t I co*» T • 1 

2 1 z I s in f 
P • a r c t g • ••• * ( 1 9 ) 
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3. THE ANALVTICAL AWP GRAPHICAL REPRESENTATIONS Of 

THE REfLECTION COEFFICIENT 

From (14) it follows that waves Impedance is expressed in 

terms of the reflection coefficient by the relationship: 

1 - I R 1 a 2Im(R) 
IK I - : + i — - — (20) 

[Re(R)-l]a • [lB(B)]a [*eW~$* +LIm<R>ia 

By iden t i fy ing the imaginary and realy terms of the equation (20) 

i t follows that : 

[Re(R) - 11* + [ I m (B) l s 

2I m < R ) WV 
(21) 

1 " , R | 3 - R „ < 0 (22) 
[Re(B) - l l 2 • t I m (R) l a 6 P 

From (19) results: 

a 3 
1 1 

CR„(R) - I P + II_<R) 1 - I 1 (23) 

W W 
Taking into account that in (22), |R|3 * [Re(R))

a • [Im(B)]
a ajid 

using (23) the following expression can be derived 

[I_(R) • -£-*-] + [R.(R)]a - [1 • --2,-i- ] (24) 

W * V«p> 
Th'<* expressions (23) and (24) are the Analytical forms of two 

1 / V « D ) 

.families , of circle» with radii r. - and r, - vi +[m t*x] 
1 i . ( . > a î?V 

1 Be<V 
respectively and having the centres in 1, T -TT-T »nd 0 , - f-r=r% 
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In the cartesian representation of the complex plane IL(R), I_(B 

the two familie* are represented in fig. t. The z variation is 

similar to a shift of the two centres along tbe line x»0, x»l. 

The circles of minimum radius are obtained from the (21) and (22) 

when I„(z„) • 0 or IL(z_J = 0 and they have the values 0 and 1 m p e p * 

respectively. From the expressions (16), (17) it could be seen 

that z is a function of four variables: w, <•> , v , u». . So a 

graphical family could be obtained by varying one of the four 

parameters wbil'e the other three remain.unchanged. 

4. tHVtGMVE COUPLtTtLV FlilEP »ITK PLASMA (AXIAL î^) 

The method previously presented could be applied both to 

free space plasma and to a plasma contented in microwave circuit 

elements. 

Opposite to +he propagation of the plane wave TEH in un

bounded plasma some constraints appear during the propagation of 

certain types of polarization in a plasma contented in a waveguide 

due to tbe 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 3 parallel to the propagation [1] and if 

B is parallel to the great wall or.to the small wall, only the 

extraordinary mode or the ordinary mode could be propagated 

respectively. 

If the waveguide is filled with a homogeneous plasma, its 

wave ihpedence normalized to the value in the absence of the plasma 

is 

1 - ( U./ M)** 
, - I - ] (25) 

• T> c - U c / « ) ' 



where u> denotes I the critical frequency of the waveguide without 
c 

plasma, c - the equivalent dielectric constant of the planmţ. 
To give 1 few examples for the manner in which the above 

method could be applied, some situations have been considered in 
which a circular waveguide («c/w = 0-5> filled with plasma imersed 
in a magnetic field B could be found. 

1. What value are to be given to the waveguide reflection 
coefficient (in both module and phase) if the plasma parameters 
ana B are known. To solve the problem (25) has been introduced in 
(23) and (24); in which V/H and -» /w have been fixed to. the values 
v/w • 0.7, u /» «0.5 and u»b/w has been taken to generate the 
family of circles. In fig. 2 the centrss and the radii of tbe 
curves in the families given by (23) and (24) obtained by a' compu
ter calculation .have been presented. In the figure it can 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 different 

o 
families Indicates bv. its length the module of the reflection 
coefficient sad by the angle to the abscissa axis - the phase. 
Pecularly if »b/« «1.5 then |R| - 0.85 « - 120° 

2. The parameters v/w and «_/« for the plasma waveguide 
are known; what value is to be given to tbe magnetic field in 
which plasma is immersed to obtain a desired reflection coefficient 
with respect to a certain frequency of tbe wave in the guide. The 
above procedure could be applied once again, obtaining the two 
circle faailies upon which tbe vector corresponding'to tbe desired 
reflection coefficient is superposed. If tbe end of the vector 
reaches the luterssctlon of .two curves for tbe sanr* BQ in the two 
families, than this B 0 is the one needed; if not the problem is 
solutionless. 



- 8 -

8. Ldk two circular waveguides filled with two plasmas 

having to /u • 2, v/w «0.7 and %/"> = 2, v/w = 0.5 respectively 

arc given what tire the magnetic fields B g l and B 0 2 respectively 

in which the plasmas have to be immersed to obtain: 

a) the same module of reflection coefficient and 

b) the same phase pf reflexion coefficient. 

The procedure above has been done by coirputer, 'for each 

plasma, obtaining families of curves (23) and (24) respec t ive ly 

( f i « . 2 and f ig . 3 ) . From these f igures the points having 

M./M * 0 .1 ; " 1.0; 1.5; 2.0 bave been chosen and p lo t t ed on a 

I (z )/R (z ) diagram ( f i g . 4 ) . The condition of equal module are 

given by the points to be found on the same circumference centered 

in the origin of the coordinates. As f i g . 4 shows, these points 

are l(wi/w » 2, v/« • 0 .5 , «b /« • 0 .5) and 8(*» /« » 2 , v/w « 0.7 

ww/tt " 2 ) . To ge t the parameters of equal phase reflexion coef f i 

c ient p lasms we have to look for the point layed on the same line 

which passed through the origin of the coordinates, as f i g . 4 

shows, these points are 3(w /u - 2, v/w • 0 .5 , «^/w * 1.0) and 

6(ttp/w • 2, v/w • 0 .7 , w /̂w • 1 .5) . 

5 . CONCLUSIONS 

Certain simplifying assumptions were considered in order to 

perform th i s study. Namely we assumed a uniform homogeneous and 

isotropic plasma; the BQ f i e l d in which the plasma i s immersed was 

a lso assumed to be uniform and homogeneous; the influence of the 

matal l i e vessel with heldlng the plasma was assumed to be 

neg l ig ib le . 

We bave also to mention that we have neglected the energetic 

balance for the Interaction plasma-immersion f i e l d , being known 

that there i s an increase in. concentration and electronic 
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temperat ture once B i s 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 

f i e ld . We note that the above method can be equally applied with

out neglecting the changes in electron concentration with respect 

to BQ'once the variation law n « n(B ) i s known. 
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FIGUK CAPTIONS 

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

Fig. 2. Superposition of curve faailies (23) and (24) for 

« /»« 2 v/« «0.7 

Fig. 3. Superposition of curve fanilies (23) and (24) for 

» /« " 2, v/« • 0.5 

Fig. 4. Equal modulus points 1(« /» • 2, v/«* • 0.5, 

*,,/* - 0.5). i(«p/« - 2, v/« - 0.7, «,/• - 2), 

• and equal phase poiuts 2(u /<• • 2, v/w «0.5, 

«b/« « i.0) and (tlu^/m.m 2, v/<* » 0.7, «p/e - 1.5) 

obtained from fig. 3 and fig. 3. 
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Fig. 4 


