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Cyclotron oscillations accompanying nonmonotonic variation of the magnetic field in a region occupied by
a plasma are considered. It is shown that at a frequency somewhat lower than the minimal cyclotron
frequency (or higher than the maximal one) the oscillation absorption coefficient depends strongly on the
plasma temperature. This uncovers a possibility of determining the plasma temperature by measuring the
absorption coefficient. The proposed procedure was tested on the simplest plasma object, a gas-discharge
plasma. The results agree well with data obtained by the probe method. It is assumed by the authors that
the proposed method of determining the plasma temperature can be used also in thermonuclear systems.

PACS numbers: 52.70.Ds, 52.25.Lp, 52.25.Ps, 52.80.Dy

INTRODUCTION

The known method of determining plasma tempera-
ture from the Doppler broadening of the cyclotron-ab-
sorption line (see, e.g., '?) can be used if the inhomo-
geneity of the magnetic field is small, and the change
dw, of the cyclotron frequency in the region occupied by
the plasma is small with the characteristic Doppler
shift V. Here k is the wave number of the oscilla-
tions and Vy is the thermal velocity of the electrons
(for the sake of argument, we consider the electronic
component of the plasma).

Systems intended for magnetic containment of a plas-
ma are as a rule characterized by the inverse ratio of
dw, and kVy (6w, > kVr). In this case the absorption
coefficient does not depend at all on the electron tem-
perature and is determined by the magnetic-field gra-
dient and by the plasma density. (The absorption co-
efficient was calculated in*?!, see also the review!®),
and was experimentally determined in4.) This state-
ment, however, is valid only if the cyclotron-resonance
point at which the condition w= w,(z) is satisfied is not
an extremum point of the magnetic field. ’

It is shown in the present paper that if the magnetic
field has an extremum within the confines of the system,
then the absorption coefficient of oscillations of fre-
quency close to an extremal cyclotron frequency depends
substantially on the electron temperature. Consequent-
ly, the results of the experimental measurement of the
absorption coefficient contain information on the elec-
tron temperature, and generally speaking make it pos-
sible to determine its value.

Assume, for example, that the magnetic field has a
minimum at a certain point inside the region occupied
by the plasma (see Fig. 1). Such a magnetic-field con-
figuration is known to be typical in adiabatic traps. Let
the oscillation frequency w be lower than the minimal
cyclotron frequency w,y, but let the difference wg - w
be small, so that wg ~ w=kVr. Although in this case
the resonance condition w= we(z) is not satisfied any-
where, the wave will interact with electrons that move
towards it and for which, owing to the Doppler shift, the
wave frequency w’= w — kV becomes comparable with or
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larger than w,y. It is obvious that with decreasing w
the number of electrons interacting with the wave, and
hence also the absorption coefficient n(w), decreases in
accordance with a law that depends on the electron tem-
perature. From the character of the n(w) dependence
we can thus assess the electron temperature. This
temperature can, of course be determined also from a
single measurement of the absorption coefficient at a
certain value of w. But this calls in addition for exact
knowledge of w,y, which is sometimes quite difficult,
for example because of the diamagnetism of the plasma.

It should be noted that in an inhomogeneous magnetic
field, in addition to the Doppler effect, the smearing of
the cyclotron absorption line is caused also by the fi-
nite time of the resonant interaction. In fact, at reso-
nance in an inhomogeneous magnetic field, when the
resonance condition w= w,(z) is strictly speaking satis-
fied at only one point, the electron interacts with the
oscillations for a certain finite time 57 (see, e.g., ).
During this time the electron cannot “distinguish” be-
tween oscillations whose frequencies differ from
weo by 8w~ 6f!. The effects connected with the finite
time of the resonance interaction were taken into ac-
count in an analysis'® of the stability of a plasma in an
adiabatic trap, and also in an investigationt®? of the cy-
clotron absorption of electrons in an installation of fi-
nite dimensions.

In the theoretical part of this paper we calculate the
absorption coefficient of oscillations with w<w,. The
calculations are made under the assumption that <1,
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FIG. 1.
axis. The plasma occupies the region —1<z<l,

Distribution of the magnetic field along the system
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when the influence of the resonance interaction on the
propagation of the oscillations can be taken into account
via a small correction. We have actually calculated
only the “tail” of the cyclotron absorption line at rather
large differences Aw= w,o — w. But this is fully ade-
quate for the determination of the electron temperature,

What was determined directly in the experiment was
not the absorption coefficient 7, but the transmission
and reflection coefficients T and p, respectively. The
absorption coefficient was then calculated from the for-
mula n=1-7-p. In our case the reflection of the os-
cillations is due to the inhomogeneity of the medium in
which they propagate (inhomogeneity of the density or
of the magnetic field). An analysis shows that the re-
flection coefficient can be reliably calculated only if the
condition C = w,’L/(wAw)zc <1 is satisfied, where w,
is the plasma electron frequency and L is the charac-
teristic dimension over which the magnetic field
changes. Actually the experiments were performed un-
der conditions when the reflection coefficient was neg-
ligibly small.

In the second part of the paper we describe experi-
ments on the determination of the temperature of the
electrons in a gas discharge in an inhomogeneous mag-
netic field. The magnetic field increased in the direc-
tion along the system axis from the center towards the
edges of the region occupied by the plasma. The dis-
charge tube was placed in a waveguide in which electro-
magnetic oscillations were excited. We measured the
absorption coefficient of the oscillations as a function of
the minimal value of the magnetic field. (Using the fact
that the expression for the absorption coefficient con-
tains not the frequency w itself, but the difference Aw
= wg9 — w, We varied, at a fixed value of w, the value of
the magnetic field.) From the law governing the de-
crease of the absorption coefficient with increasing wg
we determined the electron temperature. The obtained
values of the temperature agree well with the results of
probe measurements. For the experiments we chose a
gas discharge, since gas-discharge plasma is the sim-
plest and most convenient object for the investigation.
At the same time, we see no objections, in principle,
to the use of the proposed method in thermonuclear sys-
tems.

1. THEORY
A. Propagation of oscillations -

We consider electromagnetic oscillations propagating
in a plasma along a magnetic field. If the electric vec-
tor of the oscillations rotates in the same direction as
the electrons in the magnetic field, but the resonance
conditions w= w,(z) is not satisfied anywhere, then the

wave equation takes the form (see, e.g., »3%):
TE. | o °ry _ 1)
7 ( 0 (0.(z) —o) )E_—O'

We use here a Cartesian coordinate system with the z
axis directed along the magnetic field. The dependence
of the cyclotron frequency on the z coordinate is chosen
in the form w,(2) = w, (1 + 2%/L?), the oscillation fre-
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quency is assumed to be close to wyy, W<wy, E.=E,
-iE,=E_(z)e™“*. At a low plasma density, when the.
condition C <1 is satisfied, the second term in the pa-
rentheses in (1) can be treated as a small correction.

" Neglecting this term in the first approximation, we ob-

tain for a wave propagating from left to right E_(2)

~ ¢'“*/c_If the reverse condition is satisfied, C > 1,
then the influence of the plasma can be taken into ac-
count in the quasiclassical approximation. In this case

i )"’ . @

E_(z)= k™ 2exp (ij:k(z)dz)v k(z)=_cm—(1+ o (0.(z)— 0)

B. Absorption of oscillations

As noted in the Introduction, the electrons can ex-
change energy with the oscillations even if the condition
w=w,(2) is not satisfied anywhere within the confines of
the system. We assume that the frequency difference
Aw= w, — w is large enough to make the resonance ef-
fects small. In this case we can assume in the first
approximation that the oscillations take the form of a
traveling wave, and the resonance effects can be taken
into account by successive approximations.

We write the equation of motion of an electron in the
field of a circularly-polarized electromagnetic wave in
the form

Vo tio.z(t) Vo= — 2L

m— exp (— iwt + ikz(t)). (3)
Here V_=V_-iV,, and the relativistic effects are not
taken into account. From (3) we obtain

eE_ ¢ ., S
V_=——m-.[dt exp (——zmt +ikz(t )+zjm.(z”)dt”), @)
t

Assuming the electron velocity along the magnetic field
of the wave to be constant, we obtain from (4) the change
5V. after passage through the minimum of the magnetic
field (see also, e.g.,™):

ieE_  a'? L\ Lo\ " Ao +kV
8V = wl (= (22 " BeTEY
m ¢ mm(V) Al(( 1% ) @eo ) ®)

Here Ai is the Airy function, V is the longitudinal ve-
locity of the electron, and ¢ is the phase of the oscilla-
tions at the instant of the passage through the minimum
of the magnetic field. In the derivation of (5) the wave
number was assumed for simplicity to be constant. To
take into account the dependence of & on the coordinate
in (5) it is necessary to make the substitution

L—»L(1+L(—0—)’—)z(1+ 0y’ )—/) - (6)

2c \ Aw oA

The Airy function attenuates exponentially at positive
values of the argument and oscillates at negative ones,
the amplitude of the oscillations decreasing in power-
law fashion with increasing absolute value of the argu-
ment. If the argument of the Airy function is negative,
this means that when account is taken of the Doppler
shift the oscillation frequency w’ = w — £V exceeds wg.
It is obvious that such oscillations can interact with the

Skovoroda et al. 276



Larmor rotation of the electron. Since the plot of the
cyclotron frequency against the longitudinal coordinate
is a parabola, the resonance condition w’=w,(z) is sat-
isfied at two points symmetrically located on opposite
sides of the magnetic-field minimum. At definite dis-
tances between the resonance points, the phase of the
cyclotron oscillations will differ by (22+ 1)7 at the in-
stants of their passage. In this case, the contributions
of the resonance points to V. will cancel each other.
With increasing w’=w - £V, the resonance point move
away from the minimum of the magnetic field, and this
shortens the resonance zone. According to®), the di-
mension of the resonance zone is

Lrk 1< o <1+ (_':’_):/’

8z~ @eo L
r‘,,(1 dB)-’/z O ()" (7)
‘\ B dz ’ @eo ! (_I;)

s

where z is the resonance point, 7,= V;/w,, Vp=(2T,/
m)'? is the average thermal velocity of the electrons
along the magnetic field. Since the time of the reso-
nance interaction becomes shorter, V. changes by a
smaller amount. This explains the decrease of the os-
cillation amplitude with increasing modulus of the argu-
ment of the Airy function.

At positive values of the argument of the Airy function
we have w'<w,, and energy exchange between the oscil-
lations and the electrons is due to effects due to the fi-
nite time of the resonance interaction. The character-
istic scale of the decrease of §V. with decreasing w’ is
equal to the reciprocal of the electron flight time
through the resonance zone at w’ = wg.

When the electron passes through the minimum of the
magnetic field the energy of the Larmor rotation
changes by

Yym(|8V_|*+Re V_6V_*). ®)

Averaging with respect to time cancels the second term
in the parentheses and we obtain for the energy absorbed
by the electrons per unit time the expression

8e = "/am [V nofo(V)VISV_I. )

Owing to the rather complicated 5V_(V) dependence (see
(5)) the integral in (9) can be calculated only by making
some simplifying assumptions. We assume first that
the characteristic scale for the change of § V., namely
wk l(r,/L)*", is small compared with the thermal ve-
locity Vi of the electrons. Averaging over the fast os-
cillations of 15V.(V)|%, we put

[8V_(V) |*~N0 (0—0e—EkV),

() &) “

N=—21T____ -
23" Cl) \m ] o \V

6(x)=1(x>0) or 8(x)=0(x<0). This representation

actually means that the only electrons interacting with

the oscillations are those for which the oscillation fre-

quency, with the Doppler shift taken into account, ex-

ceeds w,. Assuming a Maxwellian electron velocity
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distribution, we get from (9)

68 nl/| eZEln‘VT —‘/'( L

A
ST m° Ts) exp(=VsV:).  (11)

Here Vs=Aw/k. The oscillation absorption coefficient
7 is equal to the ratio of the energy absorbed per unit
time to the energy flux in the oscillations. Using the
expression for the flux (see, e.g., ), we obtain

e e (1) e (- (5)

'
ovmax (2, 22(2)")
c c \Ao / .

If the inverse condition wk™!(r,/L)**> V, is satisfied,
then the effect of the finite time of the resonance inter-
action prevails over the Doppler effect. The charac-
teristic scale of the variation of 15V_|2 as a function of
V greatly exceeds V, everywhere in the region V> V.
Calculating (9) by the saddle-point method, we arrive at
the expression

(12)

o 0L @ \% van [ L® \ 7 A
e (ae) e (-¥(vR) S @

Ao Vr

C. Reflection of oscillations

It can be shown that the reflection connected with the
resonance interaction is negligibly small, and therefore
the reflection coefficient can be obtained with the aid of
the conservative equation (1). If the magnetic field has
a parabolic dependence on the coordinate, this equation
does not reduce to the standard one, and we must use
approximate methods to calculate the reflection coeffi-
cient p.

Assume that the condition C «1 is satisfied. In this
case the “plasma” term in (1) can be taken into account
as a small correction within the framework of the so-

called Born approximation (see, e.g.,'’). The stan-
dard procedure yields:
_n o’ _, oL Ao\%
=7 oAec? exp( 4 c (T) ) (14)

At C > 1 the quasiclassical approximation can be used.
To calculate the reflection coefficient in this case we
shall use a method proposed in'!"!, Following ‘1%, we
consider the analytic continuation of (1) to the complex

z plane. The quasiclassical approximation ceases to
hold at the points z; and zs at which the wave number
k(z) becomes respectively equal to zero and infinity.

We draw from these points lines on which only the real
part of the complex “phase” of the quasiclassical solu-
tion changes. In Fig. 2 these are the line Az,B and the
segment zyzg. Since zg is a branch point of the solu-
tion, a cut should be drawn from it. In this case it is
convenient to draw it vertically upward (wavy line). The
solution of interest to us, at large positive values of z,
takes the form of a wave traveling to the right. We con-
tifue it to the left along the line 1-10. In the vicinity of
the points z, and zg, where the quasiclassical approxi-
mation is violated, Eq. (1) reduces to Bessel equations.
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FIG. 2. Complex z plane for Eq. (1). The solution is contin-
ued from the region Rez >0 into the region Rez <0 along the
path 1-10,

It can be found with their aid that circuiting around the
points 2, and z5 changes the quasiclassical representa-
tion of the solution—it acquires terms corresponding to
the reflected waves. On the real-phase lines their am-
plitude is comparable with that of the “incident” wave.
On segment 9-10, however, the “incident” wave in-
creases exponentially, while the “reflected” one de-
creases. As a result, the reflection coefficient is ex-
ponentially small:

p=(%)‘sin‘®exp(—4A), 0= oL, (IT'(L0 —FE (—L—o-)),

A=°’f‘E(%‘:—), L°=L(ﬂ)v’, L,=L(Am+m—’2)%,

(15)

Here & is the phase shift of the quasiclassical solution
on the segment zyz5, A is the change of the imaginary
part of the phase on going from the real axis to the line
AB, while k', E', and E are complete elliptic integrals
(see, e.g., ).

The reflection coefficient vanishes at & = nr. In this
case the waves “reflected” by the points z, and zg can-
cel each other. A similar phenomenon is known in op-
tics as bleaching, and in the theory of electron scatter-
ing by[ 1aitoms it is called the Ramsauer effect (see,
e.g.,t?),

We have approximated the dependence of the magnetic
field on the coordinate by a parabola. This approxima-
tion is suitable at low values of z, i.e., at the center
of the system, but is obviously violated in the region of
the mirrors. A more realistic relation is

(1+« Lz )] . (16)

The reflection coefficient can be obtained in this case
from (15) by the redefinition

B(z)=B, [1+

A =
Lo~ L, 1+aA(2) , L,—»L,[1+a(——‘°+i"—)] :

mz
Aw\" Ao
c—>c (1+a——) [H—a( +
®

Sl

To find the new value of the reflection coefficient (14),
it must be represented in the form

amn

2
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p=(n/2)*(1—L/L?)exp (—4oL/c) (18)

and the same substitutions must then be made. If o is
of the order of unity, as is typical of real traps, then
(15) can be significantly changed, whereas (14) remains
practically unchanged. The last fact follows from the
condition w,z/ Wi 1, which ensures satisfaction of the
inequality C < 1. The reason for this difference between
(14) and (15) is the following: At C <1 the oscillations
are reflected by a region in which the coefficient of

Eq. (1) changes most strongly, i.e., by the vicinity of
the magnetic-field minimum. But if C > 1, then the re-
flection takes place in a region where the quasiclassical
theory parameter k"%dk/dz is maximal. In view of the
increase of k as 2—~ 0, this region need not necessarily
coincide with the vicinity of the origin. Thus, to calcu-
late the reflection coefficient at C > 1 it is necessary to
take into account the real profile of the magnetic field.
In addition, it is necessary also to take into account the
reflection from the plasma density gradient. All this
makes the calculations quite difficult.

2. EXPERIMENT

A. Description of setup

The experiments were shown with the setup shown in
Fig. 3. The plasma was produced in a cylindrical glass
tube (P) by a high-frequency generator with a symmet-
rical output with respect to the ground. The generator
voltage was applied to two thin copper electrodes (E)
wrapped around the tube near its ends. The electrodes
were 1.5 cm wide and 0.02 cm thick. The generator
power was 100 W and its frequency 40 MHz. The ends
of the discharge tubes were circular cones 3 cm high.
The length of the uniform part of the tube was 50 cm
and its diameter 2.8 cm. The tube was filled with heli-,
um, argon, krypton, and mercury vapor. The operating
pressures ranged from 5x10°% to 1x10°* mm Hg. The
plasma parameters were determined with an electric
double probe perpendicular to the tube axis. The length
of the active part of the probes was 3 mm and the probe
diameter was 0.1 mm. The probe measurements have
shown that the electron temperature varies approxi-
mately from 1.5 to 20 eV, and the plasma concentration
does not exceed 5%x10° cm™®. The degree of ionization
of the gas was ~107¢,

The discharge tube was placed inside a rectangular

@MX S

I L

e
DW

OE=
A

DH1 DH2

FIG. 3. Diagram of experimental setup: KG—klystron gener-
ator, FV—ferrite valve, DC—directional coupler, DH-—detec-
tor head, DW—dismountable waveguide, E—RF electrodes,
P—plasma in dielectric vessel, MS—multisection solenoid,
SS—supplementary solenoid.
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waveguide (DW) of 72X 34 mm cross section, in which
an electromagnetic wave of type H,; was excited at a
fixed frequency 2,92 GHz by a 0.5 mW klystron gener-
ator (KG). The parasitic deviation of the generator
frequency was 0.01%. The plasma-sounding microwave
signal was amplitude-modulated at a frequency 1 kHz.

A magnetic field of mirror geometry was produced
with a multisection solenoid (MS) of total length 100 cm.
A typical distribution of the magnetic field along the axis
of the plasma column is shown in Fig. 1. The plasma
occupied in this case the region —1<z<l[, The maximum
magnetic field in the experiments was 2 kG. The field
inhomogeneity over the cross section of the tube did not
exceed 0.2%. The magnetic-field stability was 0. 1%.
Largest value of the mirror ratio R = B;/B, reached in
the experiments was 1.7. The dependence of the mag-
netic field on the coordinate z in the region of the mini-
mum of B(z=0) could be approximated with sufficient
accuracy by the expression B= B,(1+ z2/L?). Under the
experimental conditions the value of L changed from 10
to 20 cm. In the experiments, provision was made for
slight (on the order of 4%) local variation of the mag-
netic field at a frequency =50 Hz in the region of the
minimum distribution B=#(z). This was done by adding
a supplementary solenoid section (SS), shown in Fig. 3.
The minimal electron cyclon density then varied in ac-
cordance with the law

eBy
me

Beo=eo + cos Qt.

The alternating magnetic field B, was measured with
a magnetic probe. Signals from the same probe syn-
chronized the horizontal sweep of an S8-2 two-beam
oscilloscope. The vertical inputs of the oscilloscope
were generated by the detector sections (DH) and fed
through V8-6 signal-ratio meters.

B. Results of measurements

Figure 4 shows an oscillogram of the output signal
from detector head DH-2, It represents the dependence
of the power of the transmitted electromagnetic field,
at a fixed frequency, on the alternating magnetic field
B, cos§t produced by the supplementary solenoid. Dur-
ing the sweep time, marked on the oscillogram by the

FIG. 4. Oscillogram describ-
ing the variation of the trans-
mission coefficient T with
changing magnetic field B,
cosSit.
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numbers 1 to 4, the auxiliary magnetic field changed
from - B, to + B,. The value of the minimal stationary
magnetic field B, was chosen to produce electron cyclo-
tron resonance at the minimum of the magnetic field and
was equal to By=mcw/e=1.04 kG. The mirror ratio
was R=1.3(L=14 cm). The envelope sections marked
on the oscillograms by the numbers 1-2, 2-3, and
3—-4 correspond to the conditions w> @,q, w= &,y and
w< @, respectively. The segment 1-2 of the curve is
characterized by the presence of two resonance points
separated in space. Segments 2-3 is characterized by
the absence of points of exact cyc¢lotron resonance (w

= @4). This segment of the oscillogram makes it pos-
sible to obtain the profile of the cyclotron-absorption
line in the plasma in the region where the minimum of
the magnetic field is located. Segment 3-4 of the os-
cillogram corresponds to the conditions at which the cy-
clotron resonance in the plasma no longer takes place
and the electromagnetic wave propagates through it with-
out absorption.

Simultaneously with the transmitted wave power, we
registered also the reflected power, using a directional
coupler (DC). The experiments have shown that the
reflected power depends on the electron density and on
the value of L. The reflection of the wave becomes no-
ticeable only at electron densities higher than 1x10°
cm™? and at values of L smaller than 10 cm. The re-
flected power, however, did not exceed 10% of the inci-
dent-wave power. Under the conditions when oscillo-
grams similar to that shown in Fig. 4 were obtained,
the reflected signal was negligibly small. This circum-
stance makes it possible to use the oscillogram of Fig.
4 to obtain information on wave absorption in the plasma.
Inasmuch as under the conditions of the experiment it
can be assumed that n=1- 7, the wave-power absorp-
tion coefficient in the plasma is directly proportional
to the ordinate A measured from the continuation of the
horizontal part of segment 3-4 of the curve corre-
sponding to the condition T=1. To measure the electron
temperature it is necessary to know the slope of log 7
as a function of Aw/w. Since n~4, this slope is exact-
ly equal to the slope of the plot of log A against Aw/w.

Figure 5 shows the plots of log A obtained in this
manner as a function of the quantity Aw/w, which char-
acterizes the detuning from electron-cyclotron reso-
nance (Aw= @, — w). The results are presented for a
plasma produced in helium and argon at a pressure
1x10°3 mm Hg. The resonance detuning is reckoned
from point 2 of Fig. 4. For the case of the argon plas-
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FIG. 6. Electron temperatures T, in inert-gas and mercury-
vapor plasma, measured by means of cyclotron resonance
(®) and with probes (0).

ma, Aw/w in Fig. 5 is reckoned from the arrow. It is
seen from Fig. 5 that the plots of log A against Aw/w
are linear in a certain interval of Aw/w. In accord with
formula (13), this dependence can take place at a fixed
frequency w if the cyclotron-absorption line profile is
determined at the minimum of the magnetic field by the
finite character of the time of the resonance interaction
of the particles with the wave. To this end, as shown

in Sec. 1, it is necessary to satisfy the inequality

@ [T\
pD=-2(T
w(z) >t

Under the experimental conditions we have

and D= (c*/w?V,L?!3. The value of D calculated with
allowance for the variation of the electromagnetic-wave
velocity in the waveguide ranged from 1,5 to 3 in the
experiments.

For the linear segment of the plot of log A against
Aw/w, shown in Fig. 5, the condition C<1 is satisfied.
As follows from the theoretical part of the paper, the
wave reflection can then be described by formula (14).
Calculation by this formula shows that, in accord with
experiment, the reflected wave power is negligibly
small at electron densities lower than 1x10° cm™3,

In the theoretical analysis of the cyclotron absorption
of the oscillations the plasma was assumed to be colli-
sionless. In the gas-discharge plasma used in our ex-
periments, however, it is necessary in general to take
into account the collisions of the electrons with the neu-
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tral atoms. Under the influence of these collisions,

just as under the influence of the effects described in the
preceding section, the cyclotron-absorption line be-
comes broadened. This broadening by electron-neutral
collisons was observed in our study at pressures higher
than a certain limit that depended on the type of gas.

No line broadening was observed, however, at pressures
lower than 2x10° mm Hg in any of the investigated cases

Knowledge of the slope of the linear part of the plot of
log A against Aw/w, shown in Fig. 5, makes it possible
to estimate the electron temperature in the plasma by
formula (13). The filled circles in Fig. 6 represent the
values of T, obtained in this manner for inert-gas and
mercury plasmas. The results shown in the figure were
obtained by averaging a large number of measurements
at a pressure 1x10°3 mm Hg at different values of the
parameter L. The light circles in the same figure show
for comparison the electron temperatures obtained by
probe measurements. It is seen that the results ob-
tained by the different methods are close.

The data reported here were obtained for a weakly
ionized low-temperature gas-discharge plasma. The
method proposed by us, however, can be used also to
determine the temperature in a hot fully ionized plasma.
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