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REPRESENZATION OF PROPAGATICN PARAMETERS FOR THE PIASMA IN A MAGNETIC
FIELD.

In a recent paper the properties of a wuniform plasma for the

propagation of electromagretic waves were irepresented dy curves

-
plotted in the com.le. prenagsatiou plene*. Tue efiect of a d.c.
maguetic fieid can e showm by eilendiang tuesc carves to thiree di-
mensional mocdels ir the way descri.ed 2elow.

The comple.. ~runegatlnn »iane is rercesented by cuordinates
A=0a (c/w) and B = » (¢/w) vhers o ard p are the real and imeginary
parts of the compler propagution vonstant and (c¢/w) is the ratio
of the velocity of 1light to the {-egien.y of prepagation. In re-
ference 1 tue pararmefers pleited were the normalized collision fre-

cuency 2 = 0/0» where  jc thz2 collision frequency and the nor-

",

ma’ized electron dersity X = (U\fwﬁa» where ) is the plasma fre-
cuency. The equationc for the c;rves were derived from a conformal
transformetion of ccrrespondinz curves in the complex dielectric
p-une. These enuations in turn weie Gerived from the wave equ-
ation using the dielectric coecficient for a uniform plasma.

A later. communication2 indicated that by suitably choosing
the normalized parcmeters to include thz electron cyclotron fre-
quency @ tae: : same curves could e used for the case of a plasuma
in the presence of a dc megnetic iield. Thec purpcce of this note
is to point out that the original curves plotted ir. the compler pro-
rasation pla.e can be extended to three-dimensional models for the
case of a dec magnetic field by ictroducing & third coordinate Y = a%/m.

A;dleton’'s equation for tle complex refractive incex of a mag-

) . k3 3 b Q
neto-ionic medium is given o;~

no=1- - Y T =12
3 R 3 A / Y 1" 2
1-32-1/2 . +11/4 2's + X




vhere X and 7 are the normalized parameters deiined above and

where
Yz = ma/w = the norralized cyclotron frequency in the direction
of propazation, =z
Yy = a%/a)= the normalized cyecictron frequency i the y-direction
®, = (e/n)B ccs €
®, = {e/m)B sin 8
& = angle betwveen the mognetic field B end the direction of

nronagatlion, z

For the case of a lonritudinel magretic field, Yy = 0,

Y =Y and (1) reduces to

=1 - X (2)

1-J2%Y

Since the square of the refractive indet is =jual to the di-
elactric coefficient, one can rctiionnlize the righd-hand side of (2)
and equate the real and imaginary parts to Kr and Ki’ the real and
imaginary parts of the dielectric coefficient K. & conformal trans-
formation frcm the complex dielectric plane to the complex propa-
gation v ane yields the following twn eguations for the normalized

collisica freguency case and for tke norralized electron density

case.
22 2AB(1 %+ Y) .
- A F = 3)
z
(a2 + 8%, % . (2 - " )P -5+ (2 - : ) =0
1 t Y 14 Y
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Por inc special case of no wrg.etic {iel: these equations ree
Suce to Ecuations (12b) and (13L) of referencz 1. Tuey are also
consistent with the redefined perareters of referance 2. TPlots of
~cuations (3) and (%) are shown in Figg.l,yvhere surfsces are formed
Jor differentc valucs of Z aud X. The xius sign in (3) azxd (&)
corvesyonds to sropagation o the orlirary wave wnile tiie mizuc sizgn

corregnonds t¢ mromagoation ~f tle edtiaccdinary wave.

Thiec workx wias partially _vppocied oy 5 BA und o regeas sh 4ount

no. NsG 4°-0.
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FIGURE 1
COLLISION FREQUENCY MODEL
ORDINARY WAVE
A= (c/a))a = normalized attenuation constant
B = (c/w)p = normalized phase shift contant
Y = mz/co = normalized cyclotron frequency
Z = VYo = normalized collision frequency
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FIGURE 2

COLLISION FREQUENCY MODEL
EXTRAORDINARY WAVE

normalized attenuation constant
normalized phase shift constant

normalized cyclotron frequency

normalized collision frequency
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FIGURE 3

ELECTRON DENSITY MODEL
ORDINARY WAVE

normalized attenuation constant
normalized phase shift constant

normalized éyclotron frequency

normalized electron density
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FIGURE 4

ELECTRON DENSITY MODEL
EXTRAORTINARY WAVE

normalized attenuation constant
normalized phase shift constant
normalized cyclotron frequency

normalized electron density






