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Magnetic-sound resonance under linear conditions is investigated experimentally. It is shown 
that under resonance conditions the variable magnetic field in a plasma increases several fold 
in comparison with its initial value. 

INTRODUCTION 

IN the first researches devoted to the study of 
magnetic-sound resonance in a plasma, the sim
plest arrangement was usually used, in which the 
production of the plasma column and the study of 
resonance phenomena were carried out with the 
same generator.Ct-3] In such an experimental set
up, the plasma concentration changes during the 
course of the experiment because of the variable 
field applied to it, and the experiment is not linear 
in this sense. 

For the study of forced magnetic-sound oscilla
tions under strictly linear conditions, a cold plasma 
source was constructed, which made it possible to 
obtain a plasma pinch in a constant magnetic field 
with a diameter of ~ 5 em and with concentrations 
of charged particles ~ 1013 cm-3. The degree of 
ionization amounted to several tenths of one per 
cent. 

The excitation of the resonance investigated was 
brought about by a low-power generator at fixed 
values of the concentration and diameter of the 
pinch. 

CONSTRUCTION OF THE APPARATUS 

The apparatus consisted of a glass tube, in 
which the discharge took place and the interaction 
of the plasma with a variable magnetic field was 
studied (see Fig. 1). 

The tube was placed in a constant magnetic field 
which could have different intensities in the ioniza
tion and measurement spaces, since it was created 
by two independent constant voltage sources .1> The 
intensity of the magnetic field in the ionization 

l)The portion of the vacuum tube in which the ionization 
was produced will be called in what follows the ionization 
space, and the portion of the tube in which excitation of the 
investigated resonance takes place will be called the meas
urement space. 

Fl G. 1. Block diagram: 1- glass tube, 2- coils for mag
netic field of the measurement space, 3- solenoid for mag
netic field of source, 4- hf circuit of source, 5- generator 
and modulator, 6- diffusion pump, 7- gas leak valve, 8-
measurement generator and circuit, 9- magnetic probe, 10-
double electric probe, 11- probing antennas for 8 mm waves. 
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space could change in the range from 0 to 1000 Oe, 
while the maximum value of the intensity of the 
magnetic field in the measurement space amounted 
to 3000 Oe. 

The diameter of the ionization space was 10 em. 
A resonant circuit fed from a generator with a fre
quency of 50 Me and with nominal power of 150 kW 
was placed over this part of the glass tube. 

The plasma, produced by the hf discharge in the 
ionization space, flowed along the magnetic force 
lines into a region with a large constant magnetic 
field intensity. Accordingly, the diameter of the 
glass tube was narrowed to 6.0 em in this part. 

For magnetic field intensities of 350 Oe in the 
ionization space and 1500 Oe in the measurement 
space, a plasma column of 5 em diameter is ob
tained in the latter region with a concentration 
above 1013 cm-3 • The discharge takes place in hy
drogen at an initial pressure of ( 1- 2) x 10-3 mm. 

The limiting vacuum in the working region 
amounted to 5 x 10-7 mm Hg. No change of hydro
gen pressure was observed during the discharge. 
The discharge spectrum obtained in the visible re
gion showed that the intensity of radiation of the 
impurity lines was small. 
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The operation of the hf generator was pulsed; 
the shape of the pulse was exponentially decaying. 
(The pulse amplitude fell off by a factor e in 10 
micro-seconds. The plasma concentration likewise 
fell off in time.) 

A nonresonant circuit in the form of a long coil 
of length 25 em and diameter 6 em was placed over 
the narrow part of the glass tube (measurement 
space). The hf field of the circuit was directed 
parallel to the constant magnetic field. The opera
ting frequency range was 2-25 Me; a GSS-6 ex
citing generator was used. Induction of resonance 
in the plasma was brought about by a magnetic 
probe which could be moved in the glass tube along 
its radius. The magnetic probe consisted of a coil 
of small dimensions which was screened on the 
outside by an electrostatic shield. The coil was 
connected by a short length of shielded two-con
ductor line to a coaxial cable RK-1. Such a connec
tion guaranteed the maximum stability in operation 
over the frequency range. The signal from the 
magnetic probe was amplified by means of a super
heterodyne line receiver "Klen" and fed to an I0-4 
oscilloscope. A block diagram of the arrangements 
is shown in Fig. 2. 

FIG. 2. Circuit for 
excitation and detection 
of resonance: 1- glass 
tube, 2- exciting loop, 
3- magnetic pro be, 4 -
double electric probe, 

. 5- probing antennas for 
8 mm waves. 

DESCRIPTION OF THE EXPERIMENT 

At the instant of application of the hf pulse to 
the circuit of the ionization space, ionization takes 
place in the chamber and the plasma flows along 
the magnetic force lines into the measurement 
space. Concentration was monitored with a micro
wave probe at a wavelength of 8 mm, and also by 
means of an 8 mm Wharton interferometer.C4J 

Simultaneously, one could monitor the concen
tration by means of a twin electric probe,CsJ cali
brated by blocking of the 8 mm signal. The opera
tion of the electric probe in the magnetic field was 
tested by A. I. Makov in his diploma research in 
1961 with the help of the 8 mm interferometer in 
this same setup. The ratio of the intensities of the 
constant magnetic fields was chosen in such a 
fashion that the plasma column did not touch the 
walls of the chamber in the measurement space. 

The intensity of the variable magnetic field in 
the measurement space amounted to a value of the 

order of 10-5 of the constant field, i.e., the meas
urement generator did not disturb the plasma. The 
magnetic measurement probe was located on the 
end of the exciting circuit and, being placed on the 
axis of the plasma column, could fix the penetration 
of the hf field inside the plasma. A typical picture 
of the magnetic-sound resonance is shown in Fig. 3, 
in which the oscillograms of the hf signal from the 
magnetic probe and the current of the double elec
tric probe are shown as the concentration varies 
with time. 

The excitation frequency was 17 x 106 cps. The 
readings of the double probe were monitored with 
the interferometer; it was noted that the readings 
of the interferometer in the concentration range 
2 x 1012 - 1013 cm-3 agreed with the readings of 
the double probe within the limits of experimental 
accuracy (see Fig. 4 ). This result is als.o proof 
that the concentration distribution over the cross 
section does not differ too much from the equili
brium distribution. 

As is seen from the oscillogram of the signal 
from the magnetic probe, several fold amplification 
of the variable magnetic field, compared with the 
original signal, takes place at the maximum of 
resonance. A "screening" effect is noted during 
damping of the discharge, at small plasma concen-

FIG. 3. Oscillograms of the current in the double electric 
probe and of the emf from the magnetic probe. H0 = 1500 Oe, 
Po = 2 x 10-' mm Hg, concentration at initial instant, nmax = 

1.6 x 10" cm- 3 , f = 17 x 106 cps, length of sweep -15 micro
seconds. 



12 I. A. KOV AN et al. 

t. flSec 

FIG. 4. Calibration of 
double electric probe by micro
wave interferometer: 1 -read
ings of interferometer, 2-
readings of double electric 
probe. 

trations, i.e., the signal at the probe becomes 
smaller than in the absence of the plasma. The 
effect of the screening cannot be observed during 
growth of the concentration, since the ionization 
takes place too rapidly. ~ 

The radial distributions of the components Hz 
and H<P of the variable magnetic field were ob
tained by means of the magnetic probe. These are 
shown in Fig. 5. In the limits of the plasma column, 

7 i/, re 1. un. 
FIG. 5. Distribution of 

the components Hz and H cp 
of the magnetic field along 
the radius for two values of 
the diameter of the plasma 
column: 5.6 em (curve I) 
and 3.4 em (curve II). H0 = 

1500 Oe, n = 1013 em"', f = 

'IR, em 1. 7 x 107 cps. 

the character of the distribution of Hz is close to 
that of the Bessel function J 0 ( kr). The variation 
of ~ is qualitatively similar to that of the func
tion J 1 ( kr). The radial dependence has this char
acter until the system becomes close to resonance; 
H<P = 0 in the region of screeni_eg. 

The radial dependences for Hz were obtained 
for two values of the radius of the plasma column: 
R1 = 2.8 em and R 2 = 1. 7 em. As is seen from 
Fig. 5, the radial dependence does not depend on 
the radius of the column within the limit of experi
mental accuracy. 

The experimental data obtained allowed us to 
construct the resonance curve of the frequency de
pendence of the amplitude of the magnetic sound 
under otherwise constant conditions. The curve 
was constructed in the following fashion: for each 
fixed value of the excitation frequency (from 2 to 
25 Me) the time variation of the signal was studied 
with a magnetic probe placed at the center of the 
plasma column; simultaneously, the time variation 
of the concentration of the plasma was monitored. 

From the given oscillograms, one could construct 
the frequency dependence of the magnetic-sound 
resonance for fixed concentration, dimensions of 
the plasma column and of the magnetic field. The 
approximate variation of the frequency dependence 
of the amplitude of the magnetic sound for concen
tration n = 1.3 x 1013 cm-3 and column dimension 
R = 2.8 em, in a field H = 1500 Oe, is shown in 
Fig. 6. Two resonant maxima are clearly noted on 
the curve. 

FIG. 6. Dependence 
of the field Hz at the 
center of the plasma 
column on the frequency 
of excitation, H0 = 1500 
Oe, Po = 9 x 10·• mm Hg, 
n = 1.3 x 1013 em"', wave 
numbers k1 = 2.4/R, 
k 3 = 0.06 em.,, 

Ffz· rel. un. 
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DISCUSSION OF RESULTS 
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As is seen from Fig. 5, the radial distribution 
of the field component Hz is close to the function 
J 0 (kr), while that of H<P is close to J 1 ( kr). It 
can therefore be assumed that oscillations were 
excited in the experiment with an azimuthal 
number m = 0 and radial number n = 1. For such 
oscillations, the boundary condition has the form 
k1R = 2.4 for a cylinder with a free boundary,[s] 
and k1R = 3.83 for a closed plasma resonator sur
rounded by ideally conducting walls .C7J In accord 
with the curve of Fig. 5, the longitudinal component 
Hz is close to zero on the boundary of the plasma 
pinch. From this, the conclusion can be drawn that 
the picture of the oscillations in the experiment de
scribed was evidently close to the case of a cylinder 
with free boundaries. 2> Therefore, in the compari
son of the value of the resonant frequency with 
theory, we take k1R = 2.4. 

By making use of the formula of Frank
Kamenetskil:C7J for a long cylinder, we get 

f= vzAV(~;/ +n~m(f y, 
where M is the mass of the ion, m is the electron 
mass, l the longitudinal number, L the length of 
the oscillating plasma volume, R the radius of the 
plasma column, V the Alfv~n velocity, 
II* = w5/kfc 2• In our case, II* ::::: 30. 

2)This can be hypothetically attributed to the free radia
tion of electromagnetic waves from the ends and through the 
gap which served for excitation of the oscillations. 



SPATIAL AMPLIFICATION OF VARIABLE MAGNETIC FIELDS 13 

If we set the longitudinal number l = 1, then, 
for the given parameters ( n = 1013 cm-3, H0 = 1500, 
L =50 em, R = 2.8 em), we get f = 16 Me. The 
experimental value of the resonant frequency is 
f = 17 Me for these conditions. Consequently, we 
can draw the conclusion that in our case the picture 
of the oscillations was close to the case with longi
tudinal number l = 1. This derivation is in quali
tative agreement with the direct measurement of 
the distribution of amplitudes along the length of 
the cylinder. 

Special interest is attached to the observation 
of the effect of spatial amplification of a variable 
magnetic field in a magnetized plasma. It was 
found experimentally that the amplitude of the field 
inside the plasma was 5-7 times larger than the 
signal in the absence of plasma. Obviously, this 
quantity must depend on the physical state of the 
plasma, and must be connected with its quality 
factor. 

It is probable that this effect can have practical 
interest. 

The authors express their gratitude to E. K. 
Zavo1skil. for interest in the research, and to L. I. 
Rudakov for many discussions. 
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