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ABSTRACT

Experimental investigations have been made to determine the behavior of a
short; cylindrical antenna at the refractive index resonance and cut-off regions of
a cold, lossy magnetoplasma. The static magnetic field is oriented parallel to
the éxis of the antenna. The experimental results have been compared with the
theories proposed by several authors. Of particuiar interest is the series of
resistance maxima noticed at discrete frequencies corresponding to the cut-off
and upper-hybrid resonance conditions. The significance of these results in
interpreting the maxima in cosmic noise intensities and the''resonance spikes"
observed in the ionograms of top-side sounder satellites has been discussed. The
possibility of using suchban antenna as a diagnostic probe for measuring electron—

densities of over-dense magnetoplasmas has been indicated.




I. INTRODUCTION

A knowledge of the impedance behavior of dipole antennas radiating inside
a magnetoionic medium is necessary for accurately interpreting the data obtained
from diagnostic and propagation experiments performed in the ionosphere and
outer space using rockets and satellites. The practical significance of this
problem has prompted a number of theoretical papers describing the rédiation
'characteristics of antennas immersed in magnetized plasmas; as the literature
on this topic is quite vast only these papers which are relevant to this
investigation will be mentioned here. Tor the most part these theoretical
investigations are based eéither on quasi-static approximationl) or on an

3)

uniaxial type approximation (strong magnetic fields 1imit)2" with an assumed
current distribution on the antenna. The very nature of these approximations
precludes the consideration of antenna bghavior for all ranges of the magneto-
plasma parameters andespecially near the resonance and cut-off conditions where
the most interesting ionospheric phenomena manifest themselves. The antenna
behavior at these critical frequencies is also conspicuously different from that
in free space. Near resonance the refractive index of the characteristic wave
becomes infinity thereby causing the antenna dimensions to become large in
comparison with the characteristic wavelength. The quasi—static approximation
becomes invalid in this region and the actual current distribution on the
antenna will also differ significantly from the simple triangular distribution
assumed in the analysis. In the uniaxial approximation it is assumed that the
off-diagonal term of the permittivity tensor characterising the magnetoplasma
is small in comparison with the leading diagonal term, which is true only when
the applied static magnetic field is very large. When the plasma parameters
approach cut-off however, the value of the off-diagonal term increases rapidly

and becomes equal in magnitude to the leading diagonal term causing the




refractive index of one or the other of the characteristic waves to become zero.

4)

q
As will be explained later in thisg paper, the analysis of Lee and Lo and Aoki”)

have shown that the simple triangular current distribution is again inadequate

for predicting impedance behavior of the antenna under such conditions. The
difficulty in the analysis and the doubts regarding the validity of the theoretical
formulation at these critical regions underscores the need fof more experimental
investigations. Relatively few meaningful experiments under carefullyvcontrolled
laboratory conditions have been performed to examine the behavior of a

1)

cylindrical dipole antenna in a magnetoplasma. Balmain™° has reported some

laboratory measurements but his experimental results are ambiguous as'they do

1)

not show any'unusual behavior in the impedance at upper-hybrid resonance or

at the cut-off frequencies probably due to the relatively high collision

frequency in his experiments. Stone,Alexander and Webersa’b)

6) 7)

Molozzi and

Richardson have made "in-flight" impedance measurements on a

and Hugill
short dipole mounted on a rocket for certain ranges of magnetoionic parameters
existing in the ionosphere; they have not, however, considered behavior'at
cut-off. The advantage of laboratory experiments over ''in-flight" measure-
ments is that in the former case the plasma parameters can be varied over a
wide range, permitting accurate measurements at various conditions corresponding
to cut-off and resonance; alternative diagnostic measurements can be made to
determine the electron density, electron temperature and collision frequency as
well as the strength and orientation of the applied magnetic field so that the
prevalling experimental conditions are more precisely defined than is possible
in rocket and satellite "in-flight'"experiments.

This paper describes some laboratory investigations on the impedance

characteristies of an electrically short cylindrical antenna inside a magnetized

plasma with the static magnetic field applied parallel to the axis of the
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antenna. The U. R. S. I. asymbols X = WEMQ, YV = o Z = . and U = 1 - j7 will
2 J
w
| (5 et
be used to describe the plasma parameters, where w_ = | o = angular plasma
el ’ \lmeo

0
frequency, wc = -

= angular cyclotron frequency, vc = collision frequency and-
w = angular signal frequency of the antenna. BO is the axial static magnetic
field and n is the electron density and m and e are the electron mass and charge

8)

respectively. For clarification, the notation of Stix ~ will be used for
identifying the various cut-off's and principal resonances of the magnetoplasma.
The variation in the input impedance of the antenna will be studied at transition

regions described by the following plasma parameters for a one~component,

loss—less plasma: 1) wupper hybrid resonance where X = 1 - Y2 (S = 0y,

2) electron cyclotron resonance where Y = 1 (R = @) and 3) the cut~off

conditions given by X =1 (P =0), X =1+ Y (L=0) and X =1 ~-Y (R=0). The

&)

Stix symbols P, R, L, and S for one one-componéent plasma are given by P = 1 - X,

R %-(R + L). The conditions R =0, L = 0,
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N constitute the boundary surfaces on the CMA diagram for
a one-component plasma given in Fig. 5; these surfaces divide the diagram into
- various regions which will be convenient for later discussion of wave-propagation

phenomena in the plasma.

IT. EXPERIMENTAL APPARATUS

The experimental investigations were made in a hot-cathode, Helium d.c.
discharge tube 38cm in length and 6.5cm in diameter. The positive column of
the discharge was placed along the axis of a solenoid 28cm long and 15cm in
diameter. Tﬁe antenna was a copper rod 4mm in diameter and 3.5cm long. Since
the length of the antenna was very short compared to the wavelength of the
highest signal frequency used in the exneriment (.%u = 0,07 at 600 Miiz), its

o
radiation field is negligible and the plasma discharge around the antenna has




a significant effect only on the reactive near field of the antenna. Hence the

finite size of the plasma container does not seriously compromise the "infinite
plasma' assumption made in the theoretical analysis.

The antenna Qas connected to the inner conductor of a vacuum-tight precision
coaxial connector; thils eliminates large junction effecté near the driving
point of the antenna. The coaxial connector was mounted at the center of a copper
disc which also serves as the anode of the discharge tube. The longitudinal
magnetic field in the solenoid was measured.by a Hall probe and the antenna was
placed in the uniform magnetic field region at the center of the solenoid. A
transis;orized magnet power supplvaith a current regulation of one part in 10°
and with a precision control for fine magnetic field adjustments was used in the
experiments. The effect of a magnetic field parallel to the axis of the positive
column of a d.c. discharge has been investigated by many authorsg). The principal
effect of the magnetic field is to confine the electrons within a Lafmor radius
and reduce radial diffusion to the walls of the plasma vessel;‘this effect
causes a slight iqcrease in the eiectron density and a decrease in the electron
temperature. The glow region is brighter at the center than at the walls
and the effect is more marked at lower neutral gas pressures. . The electron
density in the plasma container could be controlled by varying the discharge
current. A constant current regulator was used in series with d.c. power supply
to the plasma tube; this ensured that the discharge current (hence electron
density) remained at a constant value throughout the experiment. Any incrgase
in the electron density caused by an increase in the solenoid magnetiq field
was immediately compensated for by the regulator through a decrease in the
d.c. potential to the discharge. This regulation was good for low to moderate
magnetic fields used in the experiment, but broke down for higher fields. The

influence of the magnetlic field on the electron density profile has been
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measured by Bickerton and Von HngelI . The antenna 1s placed at the axis of
the discharge tube where the electron density is at maximum; it has not been
possible to estimate the effect of the radial density variation on the antenna
hehavior aithough it is likely to cause a smearing of the sharp resonances in
the resistance and the reactance observed at certain frequencies.

The electron density and electron temperature of the plasma were determined
by a planar Langmuir probe. The probe was made out of a 2.4mm diameter
tungsten wire sheathed in plass with only the flat end exposed to the plasma.
The accuracy of the diagnostic measurements of magnetoplasmas using Lanpgmuir
probes are subject to criticism because of difficulty in interpreting the results.
However, improved versions of this model have been developed by Bickerton and

) 1)

Von Engello and by Heald and Whartonl for an approximate determination of
electron temperatures and densities. The electron neutral collision frequency
Vo = 2.66 X 1022 /T; QmP was determined from the collision cross-section for
helium measured by Golden and Bandellz). In the above equation Te = glectron
temperature of the plasma in degrees Kelvin, P = neutral pas pressure in mm of Hp
and Qm = electron neutral collision cross-section for momentum transfer in cm?.
Since the plasma is weakly ionized it is assumed that the electron-ion collisions
are negligible, so that vc = ven‘ The static magnetic field or the signal
frequency of the antenna was varied so that the refractive index of the plasma
corresponded to the resonance and cut-off conditions which were mentioned earlier.
The collision frequency was varied principally by changing the neutral pas

pressure of the helium in the discharge. A schematic diagram of the experimental

apparatus 1is shown in Fig. 7.

III. IMPEDANCE BEHAVIOR AT UPPER HYBRID AND ELECTRON CYCLOTRON RESONANCE

Within the quasi-static limit and for an assumed triangular type of current



distribution on the antenna the input impedance 7

A of a short cylindrical antenna
in an axial magnetic field has been derived by Balmaini):
7z, =R, + jX, = SIS S O R R N L ‘ 1)
A A A jZWEOth' T a ) S . :
where RA and XA are the input resistance and reactance of the antenna. h and a
XU X
are the length and radius of the antenna, K' =1 ~ EYE§T and K0 =1 - ﬁ~; €

is the permittivity of free space.

Galejsz)

has used a variational method with a two-term sinusoidal type
trial function for the antenna current and obtained a similar expression in

the quasi-static limit as Balmain's. 1In the limit of no collisions when

A vc/w = (), it is seen from Fqn. 1 that for X < 1 and v? < 1 thevan;enna
impedance will have a resistive component for Y* > 1 - X. The input resistance
reaches infinity at the hvbrid resonance frequency Y2 = 1 —= X (S = 0) and drops
to zero for Y2 < 1 - X. TFor small but finite losses 7 << 1 the resistance goes
through a finite maximum near upper hybrid resonance. Similarly near electron
cyclotron resonance Y = 1 (R =), Fqn. 1 indicates that the probe reactance
reaches a sharp minimum causing a corresponding peaking in the conductance.

The quasi-static approximation becomes invalid at cyclotron resonance necesita-
ting large corréction terms in the theory as indicated by Balmainl). SeshadrilB)
has recently considered the impedance behavior of an infinitely long cylindrical

antenna in the resonant region of a magnetoplasma. The axial component of the.

antenna current IZ near the driving point as derived by him is given by:

1. (1-X) (1-Y%2-x)
IZ=C1n ("z—)\[ I : (2)

where ¢ is a constant whose value depends on the antenna radius. From this

formula it is seen that I7 = () wvhen X = 1 - Y2 or ¥ = 1 and I? = o when Y = ]



correspondingly the impedance reaches infinity at the upper-hybrid resonance and

lasma cut-off, and zerc at the cyclotron resonance.

el

Figures 1, 2, and 4 show the measured impedance and admittance of the antenna
for various plasma conditions. The experiments reported in Figureé 1 aﬁd 2 were
perfbrmed at a fixed signal frequency of 600 MHz and the applied d.c. magnetic
was varied for a fixed wvalue of the plasma frequency. In Fig. 4 the signal
frequency was varied form 120 to 480 Mliz, while the plasma frequency and the
d.c. magnetic field were kept at a constant value. The loci of the experimental
parameters corresponding to Figures 1, 2; and 4 are shown on the CHMA diagram in
Filg. 5. Tt is seem that each of these loci intersect the boundary surfaces

X=1-Y2(S=0)and¥Y =1 (R

®) corresponding to the upper-hybrid and
cyclotron resonance conditions respectively. Fig. 1 shows the results of the
experiment performed at a neutral gas pressure of 50ulg. The electron density
measured by the Langmuir probe for zero magnetic field gave a plasma frequengy

of 320 MHz. The electron temperature Te was 2.72 X 10* degrees Kelvin and the
corresponding electron neutral collision cross-—section obtained from the data of
Golden and Bandellz) was 5.49 Z. The electron neutral collision frequency
calculated from these values is VC = 1,20 % 1085ec:_l or gﬁ. = 0,032, Fig. 2
shows the impedance variation in a similar experiment performed at higher
collision frequencies. The neutral gas pressure was 300ulg and the corresponding

AV
1 (GE = N,203): the plasma frequency was

collision frequency V. = 7.67 X 10%sec”
455 MHz. TFig. 4 shows the results at the pressure of 80ullg., Curve 1 is the
variation in the input resistance of the antenna as the signal frequency is
swent through the plasma frequency which corresponds to 290 MHz. Curve 2 shows
the resistance behavior with a fixed cyclotron frequency of 182 MHz and a plasma

frequency of 305 MHz. The collision frequency in this experiment was approxi-

-1
mately 2.27 X 10%sec only the input resistance curves are given in this fipure.




Curve 1 Fig. & shows the variation in antenna resistance when there is no magnetic
field. The input resistance shows a pronounced maximum near X = l; this peak is
also predicted by Egn. 1 when v, = 0. In Fig. 6 the experimentalAresistance and
conductance values shown in Fig. 1 are compared with the theoretical values of the
-impedance calculated from Lgn. 1 of Balmain. Figureé 1, 2, 4 and 6 all show that
the experimental results at the upper hybrid and cyclotron resgonance conditions
are in qualitative agreement with theory in that thefe is a peaking in the input
resistance at upper hybrid resonance and in the conductance at cyclotron resonance
both as predicted from Eqn. 1. The experimental values at these resonance
conditions ére, however, much lower than the theoretical valueé. Sténe,.Alexander

5)

and Weber™  have also noticed that the antenna input resistance measured by them
during in-flight measurements was much smaller than that calculated from
Balmain's formula. This decrease and broadening of the resistance curves may

11)

be attributed to a non-collisional cyclotron damping phenomenon which has not
been accounted for in Balmain's theory. The experimental curve shows an
additional peak at the cut-off frequency X = 1 - Y which is not accounted for

by the theory; the implications of this will he considered in the next section.

IV. IMPEDANCE BEHAVIOR AT THE CUT-OFF CONDITIONS

It is interesting to note that in Fig. 4 three additional resistance peaks

are observed near X = 1 (P 0), X=1~-Y R=0)and X =1+ Y (L = 0) which
correspond to the cut-off conditions for a loss—iess magnetoplasma. The locus
of the experimental parameters corresponding to Fig. 4 is shown in the CMA
diagram in Fig. 5. As the signal frequency of the antenna is increased, it is
seen that the locus intersects the boundary surfaces X = 1 + Y, X = 1 and

X =1 - Y at the points A, B and D respectively. A distinct maxima in the

input resistance near X = 1 - Y vhen the plasma frequency is below the signal



frequency (X < 1) is also seen in Fig. 1; similarly a resistance peak neavr X = 1 + Y
is seen in Fig. 3, when the plasma frequency is above the signal frequency (X > 1).
The condition X = 1 corresponds to plasma cut-off. It is éeen from Fgn. 1,
that the 1n /ET7E; term causes the input impedance of the antenna to hecome a

maximum near X = 1, when the plasma has significant collisional losses; the
numerical calculations of Galejs indicate a peaking of resistance near the

plasma cut-off.

1) 2)

However the theories proposed by Balmain™’ and Galejs”

do not predict
resistance peaks near the cut-offs X =1 - Y and X = 1 + Y., The reason for this

" discrepancy will be explained in this section. Several author33’4’14’15)

have
indicated the branch-point singularities at the cut-off frequencies X = 1 + ¥
in the Green's Function which appears as the kernel of the integral equation
for the current on an antenna immersed in a magnetoplasma. Aoki3) and Lee and
Loa) have shown that as a consequence of this singularity, the axial current
distribution on an infinitely long antenna in a magnetoplasma consists of two
travelling current waves with different propagation constants; the interaction
between these current waves can give rise to additional resonances. Lee and

4)

Lo have shown that when ¥ < 1 and Y < 1, the antenna current in the

agsymptotic limit of large ko z| is of the form:
1_(z) =’A(z)e—lko/kRlzl + B(z) eulko/kl.|Z| (3a)

where ko = mVuOEO.‘ is the free space propagation constant and:

XU Xy _ XU Yy
kp =1 --groyz - oy and k=1 -mptpTyr (Gb)

The amplitude coefficients A(z) and B(z) can be obtained from equations 23 and

4
24 of Lee and Lo's paper‘). In Eqns.3a and 3b, kOV kp corresponds to the
AY




propagation constant of the right hand circularly polarized wave rotating in the

)

same direction as the gyromotion of the electrons in the presence of the static
magnetic field applied parallel to the axis of the antenna. ko/E;~ corresponds
to the left hand circularly polarized wave rotating in the opposite direction
to the electronic motion or in the same direction as the positive particles.
Referring to the CMA diagram given in Fig. 5, Lee and Lo have shown that in
regions 1, 6 and 7 the branch cut integrations yield two propagating current
waves with propagation constants equal to ko/E; and ko/i; ; In regions 2 and 3,
the right-hand polarized wave becomes evanascent and there is dnly one propa-
gating current wave with wave number ko/E; . In region 8, the left-hand
polarized wave gets cut-off and there is one propagating current wave with

wave number ko/igl In region 5, both the current waves become evanascent.

‘A similar expression for antenna current has also been obtained by AokiB):

3)

when the static magnetic field is large, Aoki”™’ has shown that the current on

the infinitely long antenna is of the form:

0 = [ (el e ) @
Z .

U

where K' =1 - fU , and VO is the voltage of the driving generator for the
U -Y )
antenna. Q? = 1n e—lﬂ/z 2z
' kR

where KO =1 - %~and In y' = v = 0.5772.

The current on a finite antenna of length 2h can be deduced from the
infinitely long antenna case, by superimposing the reflected current waves from
the two ends of the antenna. Using an analysis similar to that used by Shen,

6)

, 1 . . :
King and Wu s, it can be shown that the axial current on a finite antenna of

length 2h is of the form:



Ih(z) =1 (z) +c I _(htz) + I (h-2) - (5)

i . .
where ¢ = —RIw(h)-Tf¥7$i;(§ﬁy" where R is the reflection coefficient at the

ends of the antenna and where Ih(z = *h) = 0. After rearranging the terms in
Tign (5) it can be shown that
I, (z) =c¢ (z)emlkob/i(f‘jzl + ¢ (z)e’:”iko‘/ﬁl;Zl + ¢ (2) sin k vk (h—lz|)
h o 1 o Ta o R
+ ¢ (z) si < (h - |z :
_ c3(7) sin ko/iL(h lz]) 6)
where the amplitude coefficients s cl, Cz’ c3 are functions of the antenna
dimensions and the plasma parameters. The method for evaluating the reflection

3)

coefficient R has been indicated by Aoki An explicit expression for R over

all ranges of the plasma parameters is difficuit to obtain, so only a qualitative
explanation will be given here for the presence of the resistance peaks at the
cut-off frequencies. Further theoretical work on this problem is in progress

now and will be reported later.

It is seen from Eqn.6 that for a loss-less plasma k=0 when X = 1-Y (right

ka

cut—-off) and kL=Q when X = 14Y (left cut-off). llence at these cut-off frequencies,
‘the current on the antenna is a minimum since one of the two sine terms become

zero as indicated by equations 6 and 3b. The input resistance of the antenna

Ra = Re (V/Ih(z = 0)) goes through a maximum,when the plasma parameters

correspond to the cut-off conditions. It is clear from the ahove discussion

1)

that the current distribution assumed by Balmain

2)

and the trial function for
the current assumed by Galejs”’ are inadequate for describing the impedance
behavior of the antenna at these cut-off freguencies of the magnetoplasma.

The results in Fig. 3 are particularly interesting as thev show a distinct

resistance peak occurring near the cut-off X = 1 + Y (L. = 0) when ® < MP(X>1)-

In this experiment the plasma frequency was 582 MHz and the signal fredquency
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was 500 MHz, so that X = 1.345. The electron temperature as measured by the
Langmuir probe was 1.72 X 10% degrees Kelvin and the corresponding electron
neutral cross—section Qm = 5.57 X. The caleulated collision frequency
vc = 8,76 X 108 or»%9‘= 0.278. The locus of the plasma parameters as the static
magnetic field is varied as shown in Fig. 5. The resistance peaks at cut—-off
shown in Fig. 1 to 4 show a shift in position corresponding to the lbss—less
plasma case; this is due to the high collisional loss in the plasma and also
partly due to slight errors in measuring the electron density with a Langmuir probe.‘
A comparison of Figs.l and 2 indicates that the resistance peak at X =1-Y
AV

. c
occurs only when the collisional losses are small; for large a—'values the

resistance peaks at X =1 - Y and at X = 1 ~ YzAmerge to give a sinple, broad

<

maximum near upper hybrid resonance. In Tig. 1, Z = TE»= 0.032 and the

fong

resistanceé maxima near X = 1 - Y is clearly seen. When the collision frequency
increases to Z = 0.203, the peak near X =1 - Y is no 1onger'distinguishab1e
from the one near upper hybrid resonance.

Fig. 4 shows the whole spectrum of resistance peaks which appear at the
three cut—off"s and at upper hybrid resonance when the signal frequency of the
antenna is varied.

Similar behavior near the cut-off frequencies has also béen noticed in other

7)

. . . . . . : 1
investigations. Cosmic noise intensity measurements made by dipole antennas
mounted on rockets and satellites also show a sharp increase in antenna resistance.

This will be discussed in greater detail later in this paper..

V. IMPEDANCE BEHAVIOR AT CYCLOTRON HARMONICS
An attempt was made to determine the impedance hehavior of the antenna at the
second and third harmonics of the cyclotron frequency. Unfortunately for the

plasma parameters corresponding to experimental results shown in Figs 1 to 4, the



second harmonic condition (Y = 0.5) falls in the proximity of either the upper-
hybrid resonance or one of the cut-off's, so that no definite conclusion about
the impedance behavior can be obtained from these results. Independent measure-
ments, not reported here have shown that no unusual behavior was noticeable near
the cyclotron second harmonic when the colliéion losses were high. The results
shown in Fig. 1 indicate a slight increase in the input conductance of the
antenna near Y = 0.33 which may be due to the cyelotron third harmonic. Further

experimental investigation on this problem is now in progress.

VI. APPLICATIONS

a) Interpretation of maxima in cosmic noise intensity measurements

. . . 17,18
Cosmic noise intensity measurements have been made by a number of authors™ ’ )

using dipole antennas mounted on rockets and satellites. It has been shownlg)
that the noise voltage, Va’ developed at the antenna terminals in the frequency
width Af is given by:
V2 = 4KkT R _Af
a aa (7)
where Ra is the input resistance of the antenna, k is the Boltzmann's constant,
and Ta is the antenna temperature. In the cosmic noise intensity measurements

17)

made by Harvey from the UK-2 Satellite it was observed that a large increase

in the noise level occurred at frequencies corresponding to X =1, X =1 -~ Y and
X=1- Y2. The maximum noise band occupied the range 1 —YY2 < X <1 and the
lower limit of the noise band corresponded to a frequency at which X = 1 + Y,
Since Eqn. 7 indicétes that the noise power is directly proportional to the

input resistance of the antenna, it is to be expected that a-large increase in
the antenna resistance should alsoc be seen in the maximum noise band region. The

results shown in Fig. &4 confirms this conclusion. It is seen that the antenna

resistance is very large between X = 1 + Y and X = 1 - Y2 with prominent peaks




near X = 1, X = 1 - YZ and X = 1 - Y: the resistance falls off sharply below

X = 1+ Y, indicating decreased noise levéls at these lower ffequeﬁcies. These
results indicate that the noise intensity maxima can be directly related to’
the impedance behavior of the antenna near these critical frequencies.

b) Plasma resonance spikes in the ionograms of top-side sounders.

)

Plasma resonance spikes have been observed by Lockwood19 , Calvert and

20)

Goe” and others in the ionograms of the Alouette Topside sounder; the frequencies

at vhich these spikes occur are X = 1, X = 1 - Y2, X=1+Yand X =1-Y
and also second and higher harmonics of the cyclotron frequency. The first four
resonances occur precisely at the same frequencies where resistance spikes have
been noticed in our experiments. Lockwood has attributed the spikes at X = 1 + ¥
and X = 1 - f to the propagation of the 7 mode in the ionosphere.

The amplitude of these resonance spikes are, of course, dependent on the
coupling between the antenna and the magnetoionic medium during transmission
and reception. The space and time dependence of theée resonances can be found
by a Fourier integral which involves the effective impedance of the receiving
antenna and Fourier transform of the transmitted pulse'as has been indicated
by NuttallZI). The experimental results on the antenna impedance reported here

may be useful in making quantitive calculations of the amplitude of such resonance

spikes.

c) Diagnostic applications to magnetoplasmas

The resistance peak near the cut-off condition ¥ = 1 + Y which occurs
when X > 1 (v < mp) as"shown in Tig. 3 and 4 is particularly Interesting from
a diapnostic point of view as it presents the possibilitv of measuring electron
densities of "overdense’ magnetoplasmas hy using signal prohing frequencies

below the plasma frequency. The resonance peaks at X = 1 = Y and X = 1 - Y2 can



also be used for diagnostic purposes although the results arve likely to be less
accurate for certain ranges of the plasma parameters when these peaks appear

close topgether.
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