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Plasma turbulence and diffusion in the presence of a drift instability have been investigated 
in a potassium plasma at large oscillation amplitudes: n/n ~ 1. It is found that while the 
plasma is turbulent, the oscillations are not completely random. The phase correlation time 
is approximately 10 oscillation periods. The diffusion coefficient increases with increasing 
oscillation amplitude, reaching a value D ~ 10 3 cm2/ sec at ll!n ~ 1 and H ~ 1000 Oe which 
is three orders of magnitude larger than the classical diffusion coefficient. 

IN the present work we have investigated the 
turbulent state of a plasma [1•2] and diffusion across 
a magnetic field in the presence of the drift insta­
bility [3] for the case of high-oscillation amplitudes: 
nln ~ 1 ( n and n are the plasma density and its 
fluctuating component respectively). 

One expects that at these amplitudes the plasma 
will be highly turbulent. It turns out, however, that 
although the plasma is turbulent the oscillation 
phases are not completely random: the phase 
correlation time is approximately 10 periods. 
Diffusion across the magnetic field increases with 
amplitude. When ll/n ~ 1 and H = 1000 Oe the 
diffusion coefficient is approximately three orders 
of magnitude greater than the classical value. 
Under these conditions the diffusion is convective 
in nature. 

EXPERIMENTAL METHOD 

These experiments have been carried out in a 
device [4] in which the plasma is produced by 
thermal ionization of potassium on a tungsten 
plate (ionizer) of radius R = 2 em which is heated 
to a temperature of approximately 2000°K. A 
second plate located at a distance L = 36 em from 
the first is not heated. The plasma density in this 
system has a maximum at the axis and falls off in 
the radial direction. Experiments have been car­
ried out at plasma densities 109-1010 em - 3 and 
magnetic fields 600-3000 Oe. 

The plasma density and oscillation amplitude 
are measured with Langmuir probes by observing 
the de and ac components of the ion saturation 
current respectively.[5J The oscillation spectrum 
is investigated with a tuned amplifier IUU -300 
(bandwidth approximately 1 kHz) and a S5-3 har­
monic analyzer S5-3 (bandwidth approximately 

200Hz), which measure the effective amplitude. 
In investigating the turbulent state of the 

plasma we measure the correlation function and 
perform a qualitative correlation analysis: lL 2• 6 J 
the analysis is carried out as follows. The signal 
from the probe (total signal or at a specified fre­
quency) is applied to an oscilloscope which is 
operated in the free-running mode or in the single­
sweep mode. In the former mode one can dis­
tinguish between regular signals and noise fluc­
tuations and also determine qualitatively the phase 
correlation time. In the latter mode one can de­
termine the time between significant changes in 
amplitude and phase, that is, the lifetime of the 
wave packets. [1] 

The correlation function (CF) is measured by 
an automatic correlation device [2, 7] which records 
the polarity-coincidence correlation function 
F ( T). The delay time can be varied from zero to 
1200 JJ.Sec in steps of 12 JJ.Sec. The integration 
time is 500 msec. We note that the polarity coin­
cidence correlation function F ( T) is connected 
with the conventional correlation function p ( T) by 
the relation p(T) =-cos 2rrF(T).[2,B] 

The diffusion coefficient is measured by deter­
mining the plasma flux across the magnetic field 
( nv)r. The flux measuring device [5] is made up of 
two plates located at the edge of the plasma 
column; a potential is applied between the plates 
which is sufficient for complete separation of the 
electrons and ions. By knowing the radial density 
gradient dn/ dr ~ n0 I R ( n0 is the density at the 
axis) one can compute the diffusion coefficient 

D = (nv) ,j (dn/dr). 

The diffusion coefficient can also be estimated 
from the longitudinal density gradient. [2] Assum-
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ing that the longitudinal drift velocity of the 
plasma is constant over the cross section and 
over the length of the plasma column and that this 
drift velocity is equal to the ion-thermal velocity 
Vi, we find 

aR dnjdz 
D = 2 Vi dn/ dr ' 

where a < 1 is a numerical factor that takes ac­
count of the radial density distribution. 

EXPERIMENTAL RESULTS 

1. It has been shown earlier on the same ap­
paratus [3] that the inhomogeneous plasma is un­
stable against the drift instability even in the 
absence of electric fields and currents. The in­
stability is manifest in the excitation of azimuthal 
waves which have a longitudinal component. The 
wave is standing in the axial direction and travel­
ing in the azimuthal direction, and the wavelengths 
of the various harmonics are multiples of the 
circumference of the plasma cylinder. The waves 
are potential, that is to say, ll/n R:< e;;Q/T.l5J 

In l3J, in which the investigations were carried 
out in a system with two hot plates, the instability 
was observed with ion and electron sheaths at the 
surface of the ionizer. However, in these experi­
ments, the amplitude of the oscillations could not 
be controlled. It was found that in the transition 
to the electron-sheath mode, the amplitude of the 
oscillations was reduced. When working with a 
single cold plate, in the transition to the electron­
sheath mode the instability is damped. The origin 
of the damping mechanism is evidently the short 
circuiting of the azimuthal perturbations by virtue 
of the Simon short-circuit effect. [S] 

In the presence of an ion sheath, the amplitude 
grows and reaches a value ll/n ~ 1 for a suffici­
ently strong ion sheath. It should be kept in mind 
that in the transition to the ion-sheath mode one 
observes the excitation of oscillations that occupy 
simultaneously a broad spectrum in which both the 
discrete lines and noise at intermediate frequen­
cies can be seen (Fig. 1). Thus, it can be said that 
the turbulent state of the plasma does not develop 
as a consequence of the successive excitation of 
the degrees of freedom of the system and the in­
teraction of harmonics [toJ, but rather as a result 
of the growth of initial fluctuations over the entire 
spectral region in which the instability can be ex­
cited. This conclusion is in agreement with the 
theoretical results [1i-i 3J, which have shown that 
on approaching the instability boundary the fluc­
tuations grow without limit (in the linear theory). 

2. The following questions had to be clarified 
in the investigation of the plasma state with fully 
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FIG. 1. Oscillation spectrum for low amplitudes. H - 1000 
Oe, n- 6 X 109 em·•, n/n,.... 0.1. 

developed instabilities. If the plasma is not turbu­
lent but the oscillations represent a stationary 
wave one should observe a regular pattern which 
is maintained in time. In the case of the turbulent 
state the oscillations exhibit a noise-like nature. 
In this case the weakly turbulent state is charac­
terized by the fact that the wave interaction is 
small. As a result, each frequency corresponds 
to a single wave number k (the spectral density 
function is a 6-function) li4] and the lifetime of the 
wave packets is large compared with the oscilla­
tion period.1> Thus, the correlation of the phase 
of a given point is maintained for a large number 
of periods. The distance over which the phase 
correlation is maintained is large compared with 
the wavelength. 

In the transition to the highly turbulent state 
the wave interaction increases and the lifetime is 
reduced, becoming comparable with the oscilla­
tion period and leading to a spread with respect to 
k of the spectral density function, that is to say, 
each value of w now corresponds to a number of 
values of k. In this case the correlation lifetime 
at a given point is small, as is the distance over 
which the phase correlation is maintained. 

The plasma state under conditions of low-am­
plitude oscillations (fundamental frequency 
ll/n ~ 10-2 and total signal ll/n ~ 0.1) has been 
investigated earlier. [SJ It was shown that the 
plasma is weakly turbulent and that the oscillations 
at the harmonic frequencies are approximately 
coherent and the intermediate frequencies are 
random. In the present work we have measured 
the lifetime by determining the total signal and the 
fundamental frequency. It is found that the har-

1 >we note that the notion of a weakly turbulent state re­
quired in the theory, in contrast to the present case, exhibits 
complete randomization of the phases. 
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monies are not completely coherent but are char­
acterized by long lifetimes, at least 50-60 cycles 
long. 

When the oscillation amplitude is increased the 
lifetime is reduced. A typical oscillation spectrum 
characteristic of large amplitudes is shown in 
Fig. 2. It is evident that the amplitude of the 
fundamental reaches ll/n ~ 0.25 and that under 
these conditions the total signal ll/n ~ 0.5-0.6. 
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FIG. 2. Oscillation spectrum for large amplitudes. H = 1000 
Oe, n - 4 X 109 em·•, n/n"' o.s. 

We recall that the effective amplitude is 
measured. The true amplitude can be obtained 
from the oscillograms of the density oscillations 
shown in Fig. 3 (free-running sweep). It is evident 
that the density falls almost completely to zero so 
that the amplitude of the oscillations is character­
ized by ll/n ~ 1. We note that the oscillation fre­
quency in the total signal coincides with the funda­
mental frequency. 

We note modulation of the oscillations in the 
upper portion of the spectrum at the frequency of 
the total signal (Fig. 4). Under these conditions 
the amplitude of the high frequencies is a maximum 
in the region of phase of the maximum density, 
whence we conclude that these oscillations are 
concentrated in a ''plasmoid'' corresponding to the 
fundamental. 

It is evident from the oscillograms (Fig. 3) that 
the oscillations are noise-like and that the phase 
is randomized in 6-7 periods. 

In Fig. 5 we show an oscillogram taken under 
single-sweep conditions. The discontinuities in 
the phase are clearly evident. The mean value of 
the lifetime is approximately 10 cycles. We note 
that after a break in the phase the amplitude of 
the oscillations increases to its maximum value 

FIG. 3. Density oscillations (free-running sweep). 
The upper pattern is the total signal (the arrow indi­
cates the zero level) and the lower pattern shows the 
oscillations of the fundamental frequency. 
H ~ 1000 Oe, n - 3 x 109 em"'. 

FIG. 4. Modulation of the oscillations in the 
upper region of the spectrum. The upper curve is 
the density oscillations (total signal); the lower 
curve is the signal from the plasma as passed 
through a selective amplifier with a band pass of 
approximately 20 kHz tuned to the frequency 
f = 90 kHz. H - 1000 Oe, n = 3 x 109 em·•. 
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in several (3-4) cycles whence we conclude that 
the growth rate of the instability is comparable 
with the frequency ( y ~ w). 

In Fig. 6 we show the autocorrelation function 
for the density oscillations. Along the ordinate 
scale for the autocorrelation is plotted the ampli­
tude of the autocorrelation function of a sinusoidal 
signal. It is evident that the amplitude of the auto­
correlation signal diminishes, indicating a ran­
domization of the oscillation phase. The amplitude 
of the autocorrelation signal vanishes (complete 
randomization of the phase) in approximately 10 
periods. We note that the autocorrelation of the 
total signal is essentially the same as the auto­
correlation of the fundamental. 

Thus, the various methods of measurement 
yield essentially the same phase coherence time, 
approximately 10 periods. 

We note that both the autocorrelation signal 
and the free-running sweep record phase changes 
(including small changes) and spread with respect 
to k (the free-running sweep also indicates vari­
ations in amplitude); on the other hand, the life-
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FIG. 6. Autocorrelation of the total signal. 

FIG. 5. Density oscillations (single sweep). The 
upper curve shows the total signal (the arrow indi­
cates the zero level) and the lower curve shows the 
oscillations at the fundamental frequency. H ~ 1000 
Oe, n • 3 x 10' em"'. 

time characterizes only the phase. The similar 
values of the loss-time from the autocorrelation 
measurements and the life-time measurements 
show that there is essentially no spread in k. The 
fact that the cross-correlation function shows es­
sentially no change with variation of distance be­
tween probes (with the exception of the inherent 
phase shift) supports this. In Fig. 7 we show a 
cross correlation function taken with probes 
oriented at an angle of 180°. The phase shift of 1r 

is clearly evident; in all other respects the cross­
correlation function agrees with the autocorrela­
tion function. Thus, it may be concluded that at a 
distance of the order of a half wavelength there is 
essentially no phase randomization. 

Thus, the analysis of the plasma state in the 
presence of the drift instability in the case of 
large amplitude oscillations ll!n ~ 1 indicates 
that the plasma is turbulent although a phase cor­
relation is maintained over some 10 cycles while 
there is no spreading in k. 

3. As has been indicated earlier [S] the azi­
muthal phase velocity is constant over the spec-

F('l') 
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FIG. 7. Cross-correlation of the total signal. The spac­
ing between the two probes is equal to 180°. 
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trum. Thus, the azimuthal wavelength is inversely 
proportional to the frequency, that is to say, the 
spectrum is a linear function of k. 

When the magnetic field is increased the fre­
quency of the harmonics is reduced inversely as 
the magnetic field and there is a corresponding 
reduction In the longitudinal phase velocity w/kz 
(we recall that Az ~ 2L [3]). The amplitudes of 
the harmonics, the ratio between the harmonics, 
and the half-widths of the peaks remain constant 
to H ~ 1100-1200 Oe (the experiments were car­
ried out at ll/ n ~ 1). As the field is increased 
further the amplitude of the fundamental is re­
duced while that of the second harmonic is in­
creased (Fig. 8). When the field reaches a value 
such that w/kz ~ 3.5 Vi the fundamental is 
quenched. As the field is increased further the 
second harmonic is quenched (under these condi­
tions w/kz ~ 5 vi if Az = 2L). 

?f/n 

a 
H,Oe 

FIG. 8. The dependence of the amplitude (above the 
noise level) of the fundamental (0) and second harmonic (X) 
on magnetic field. 

Similar phenomena have been investigated in 
detail by Lashinsky [151 in the case of low-ampli­
tude oscillations. It was shown in this work that 
successive damping of the harmonics can be at­
tributed to ion Landau damping which should be 
observed for w/kz ~ 3 Vi for drift waves in a 
collisionless plasma. Lashinsky has also observed 
the transfer of energy from one harmonic to 
another as individual harmonics are damped and 
this was attributed to nonlinear effects. Reference 
is made to this work and we shall not analyze 
these results in any greater detail (cf. note added 
in proof at the end of the paper). 

As the amplitude is reduced the half-width of 
the peaks increases, corresponding to a reduction 
in the lifetime. Following the quenching of the 
second harmonic the spectrum exhibits a purely 
noise-like nature (Fig. 9). The maximum ampli-
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E"IG. 9. Noise spectrum. H ~ 2500 Oe, n = 5 X 109 em"', 
n/n,..., 0.4. 

tude lies in the low-frequency region (the ampli­
tudes in this region ll/n ~ (1-3) x 10-2 ) in spite 
of the fact that the instability condition w/kz » Vi 
is still satisfied at the higher frequencies. We 
note that in the high-frequency region the ampli­
tude is appreciably higher at higher fields. One 
may assume that the noise level in the low-fre­
quency region is the "pre-unstable" state. 

·L Measurements of the diffusion have shown 
that the diffusion coefficient increases with in­
creasing oscillation amplitude. In the electron­
sheath regime the instability is essentially 
quenched and the amplitude of the density oscilla­
tions is n/n ~ 10-2-10- 3; under these conditions 
the spectrum is purely noise-like and the ampli­
tude is essentially constant function of frequency 
over the spectrum, amounting to ll/n :S 10-4• Un­
der these conditions the diffusion coefficient satis­
fies D:S 10-20 cm2/sec. Since the classical co­
efficient Dei should be :::::: 1 cm2/sec under these 
conditions we may assume that the measured value 
of D is due to spurious flux to the measurement 

D,cm2jsec 

?1/n 

FIG. 10. The diffusion coefficient as a function of the os­
cillation amplitude; H = 1000 Oe. 
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FIG. 11. The diffusion coefficient as a function of magne­
tic field (results of three experiments): e) n ~ 3.5 x 109 em', 
X) n ~ 4.5 X 109 cm"3, 0) n • 6 X 109 em"'; ri/n"' 1. 

device and take this value to be the limit of ac­
curacy of measurements. 

In Fig. 10 we show the diffusion coefficient as 
a function of amplitude; the abscissa axis shows 
the amplitude of the total signal at the point of 
maximum signal in the radial direction. It is 
evident that D increases approximately as 
( llJ n) 2• We note that when the amplitude of the 
fundamental ll/n ~ 10-2 (the case investigated 
in [5)) the diffusion coefficient is ~102 cm2/sec, 
which coincides with the result given above. 

When H = 1000 Oe and ll/n ~ 1 the diffusion 
coefficient reaches a value 103 em 2 sec. Actually 
the mean value of D is obtained by the measure­
ment device is ( 1.2 ± 0.2) x 103 cm2/sec while 
the estimate obtained from the longitudinal grad­
ient is ( 2.1 ± 0.2) x 103 cm2/sec. We note that 
when D is determined by measuring the gradient 
the plasma contains no measuring element other 
than a single probe. Thus, the diffusion coefficient 
is approximately three orders of magnitude greater 
than the classical value and when H = 1000 Oe the 
absolute value of the diffusion coefficient ap­
proaches the Bohm value [iSJ which is given by 

FIG. 12. Correlation of the current in the 
diffusion measurement device with the density 
oscillation. The upper curve shows the density 
oscillations and the lower curve shows the cur­
rent in the measurement device. The arrows in· 
dicate zero level. H - 1000 Oe, n ~ 3 X 109 em·•. 

DB= cT/16eH = 2 x 103 cm2/sec. 
However, the dependence of D on H is appre­

ciably stronger than H-1• A typical D (H) curve 
is shown in Fig. 11. It is evident that for magnetic 
fields below some critical value H0, the quantity 
D varies as H-2; at higher fields we find D cc H-4• 

The data obtained by the measurement device and 
from the longitudinal density gradient are in 
agreement. It is found that the value H0 ~ 1100-
1200 Oe, that is to say, it coincides with the field 
at which one observes the onset of quenching of 
the fundamental frequency (Fig. 8). 

The dependence of D on H has not been in­
vestigated in any detail for low amplitudes, al­
though it has been observed that D is still a 
rather strong function of H. This result does not 
agree with the earlier result obtained in [5] in 
which it was found that D is independent of H for 
fundamental-frequency amplitudes ~ 10-2• The 
origin of this discrepancy is not known. It is pos­
sible that it lies in a difference in boundary condi­
tions, since the earlier experiments were carried 
out in a system with two hot plates whereas the 
present experiments were carried out in a system 
with one cold plate. 

The mechanism of the diffusion across the 
magnetic field has been investigated. It is found 
that the current to the measurement device or to 
a probe outs ide the plasma column both exhibit 
peaks which agree in phase with the maximum 
density in the wave (Fig. 12). Thus, the flux of 
plasma across the magnetic field is in the form 
of tongues which are correlated with the oscilla­
tions in the drift wave. The tongue appears es­
sentially simultaneously over the entire length of 
the column (there is no longitudinal phase shift) 
and moves together with the wave in the azimuthal 
direction (the azimuthal phase shift of the tongues 
coincides with the phase shift of the density oscil­
lations). At H = 1000 Oe the tongue is observed at 
distances up to 5.5 em ( ~3R) from the axis of the 
column. The velocity of the tongue across the 
field, as determined by the radial phase shift, is 
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FIG. 13. The amplitude of 
the tongue at various radii as 
a function of magnetic field: 
e) r - 20 mm, 6) r = 25 mm, 
0) r = 30 mm, X) r - 35 mm; 
n - 4.5 x 109 cm"3• 
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approximately 4 x 104 em/sec under these condi­
tions. The diffusion exhibits the tongue-like nature 
at low amplitudes as well. 

When the magnetic field is increased the am­
plitudes of the tongues falls off sharply (Fig. 13) 
and there is a simultaneous reduction in the max­
imum distance over which the tongue is observed. 

We note that the diffusion coefficient as deter­
mined by means of the measurement device or by 
the longitudinal density gradient characterizes the 
mean plasma flux across the magnetic field. 

DISCUSSION OF THF; RESULTS 

1. We now consider in greater detail the ob­
served instability, taking account of data which 
have been obtained earlier.[ 3•6·17J The plasma 
being investigated is in the form of a cylinder with 
L/R = 18; the following plasma conditions prevail: 

SnnT m 
~ = ---n_2 <. M ~ 1, Ae; ;):L 

( Aei is the mean free path for electron ion colli­
sions), a= (n-1dn/dr)-1 ~ 1-2 em so that the ion 
Larmor radius Pi< a (Pi= 0.37 em for 
H=10000e). 

The observed wave exhibits the following char­
acteristics: the wave propagates in the azimuthal 
direction in the direction of the electron Larmor 
drift and has a longitudinal component; the oscilla­
tion frequency is inversely proportional to the 
magnetic field and the frequency of the fundamental 
is close to the drift frequency 

cT dn/dr 
w.=ky---­

eH n 

( ky is the azimuthal component of the wave vec­
tor). We note that in computing w * the quantities 
ky = 2rr/Ay and dn/ dr are determined at the radi 
radius at which the oscillation amplitude is a 
maximum. In this case the experimental values of 

the frequency are somewhat larger than the calcu­
lated values (but not more than a factor of 1.5). 
The observed frequency is smaller than the ion­
cyclotron frequency WHi· The wavelength of the 
aximuthal (fundamental) and longitudinal compon­
ents are Ay = 2rr R and Az = 2L; the longitudinal 
phase velocity is vi< w/kz < Ve ( Ve and vi are 
the electron and ion thermal velocities). Thus, 
kylkz » 1, kyPi < 1 ( ~o.15-0.37 when 
H = 1000 Oe ), that is to say, Ay = 21fPi and Ay > a. 
It should be noted that the electron collision fre­
quency Vei > w but that kzAei ~ 1 so that colli­
sions can be neglected. 

The drift instability in a collisionless plasma 
has been investigated theoretically by Kadomt­
sev[18·19J, (in[19J, p. 277). The theory is derived 
for the plane case under the assumption that 
A « a, Pi« a and w < WHi· It is found that per­
turbations of the form exp [i ( -wt + kyY + kzz)] 
propagate in the electron drift direction with a 
longitudinal phase velocity Vi < w/kz < v e and that 
these are unstable when ky/kz » 1. In the case 
being considered 

~. w= Uh---,, 
1- ~. 

where f3s =e-si0 (s), s =k}PI and 10 is the 
Bessel function of imaginary argument. When s 
is small, w ~ w*. 

The case being considered here differs from 
the ease considered theoretically in that the 
plasma is in the form of a cylinder which is 
bounded at the ends; furthermore, it is found that 
the excited waves are characterized by A > a. 
Nonetheless, the nature of the wave, the direction 
of propagation, the frequencies, and the phase 
velocities are in good agreement with the theory, 
indicating that the observed instability is the drift 
instability. 

A disagreement with the theory appears in the 
fact that the estimates of the growth :rate are not 
in agreement with the theoretical estimates. Ac­
cording to [iB] the growth rate is a maximum for 
s = 1 ( Ay = 27rpi) and diminishes as s diminishes. 
For the present parameters y should be a quantity 
of approximately 10-3 w*. Thus, the computed 
growth rate is small in absolute value and should 
be a maximum at approximately the third to fifth 
harmonic. However, in the present experiment, 
as well as in similar experiments [20•21 ], the max­
imum amplitude is exhibited by the fundamental. 
Evidently it is reasonable to assume that in a 
cylindrical system the growth rate can be a maxi­
mum at the fundamental frequency. As we have 
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indicated, it should be noted that in the present 
case the growth rate is large: y ~ w*, that is to 
say it is several orders of magnitude greater than 
the theoretical value. This result can not be ex­
plained at the present time. 

In the transition from an electron sheath to an 
ion sheath the instability develops as is manifiest 
in the growth of fluctuations over a wide spectral 
range. As the amplitude increases the noise level 
between the harmonics is reduced and in the fully 
developed instability, in which case n/n ~ 1, the 
noise level is small compared with the amplitudes 
of the harmonics. The correlation analysis indi­
cates that when il/n ~ 1 the phase correlation for 
the oscillations is maintained over approximately 
10 periods. Under these conditions each frequency 
corresponds to its own wave number. This may be 
called the weakly turbulent state in accordance 
with the definition given above; however, it should 
be emphasized that in the usual theory the idea of 
weak and strong turbulence implies total randomi­
zation of the oscillation phases. We note that this 
assumption is not in accordance with the results 
of a number of experiments [1, 2• 22 • 23] in which 
phase correlations are observed over several 
periods. Apparently this assumption is not a valid 
one for long-wave oscillations in bounded systems. 
It is probable that in this case it is more correct 
to discuss highly nonlinear oscillations rather 
than the turbulent state. 

2. An investigation of the diffusion shows that 
the diffusion coefficient increases with oscillation 
amplitude in proportion to ( n/ n) 2 and that when 
ll!n ~ 1 the diffusion coefficient reaches a value 
103 cm2/sec ( H = 1000 Oe) which is some three 
orders of magnitude greater than the classical 
value. We note that the diffusion coefficient is 
several orders of magnitude greater than the 
classical value as observed in a system similar 
to the present one but with low plasma density.[24 ] 

Unfortunately oscillations were not investigated in 
that experiment. 

When D./ n ~ 1 in the region of magnetic fields 
where damping of the instability is not important, 
we find D a:: H-2• However, in the region in which 
the damping of the fundamental is important we 
find that D diminishes more rapidly: D a:: H-4• 

From this result we draw the conclusion that the 
basic contribution to the diffusion is due to the 
interaction with the fundamental. 

The plasma flux across the magnetic field is in 
the form of tongues, that is to say, the diffusion 
exhibits a convective character. This is in agree­
ment with theoretical ideas concerning diffusion in 
the drift instability ( [191, pp. 296, 299). Tongues of 

this type have also been observed in instabilities 
in a highly inhomogeneous plasma. [25] They have 
the same nature as the tongues observed in insta­
bilities in a hot-cathode discharge [26 - 28 ] one of 
which has been identified with the drift-dissipative 
instability. [281 Evidently this is a characteristic 
feature of a loss of plasma across a magnetic 
field in longwave electrostatic oscillations that 
propagate across a magnetic field. The loss 
mechanism is essentially the drift of the electrons 
and ions in the electric field of the wave, this 
drift being perpendicular to the magnetic field. 

Attention is directed to the fact that the diffu­
sion is not related to the turbulent state of the 
plasma since the tongues are observed to be in 
phase with the oscillations of the density even in 
those cases in which they are essentially coherent 
(small amplitudes), that is to say the tongues are 
not related to randomization of the oscillations. 

Thus, the earlier conclusion that the diffusion 
is due to random noise oscillations between the 
harmonics [6] is evidently incorrect. The experi­
ment reported in [6) appears to lead only to the 
conclusion that pure sinusoidal coherent oscilla­
tions produced by a generator do not cause diffu­
sion. 

It should be noted, however, that since the loss 
of plasma across the magnetic field is not of a 
random nature, strictly speaking the term "dif­
fusion" is not properly applied here. The diffusion 
coefficient is purely formal in character and is 
defined as the ratio of the time averaged flux to 
the density gradient. 

A mechanism for plasma loss across a mag­
netic field similar to that observed in the present 
work has been considered by Chen [29 ] for the 
drift-dissipative instability. 

In recent years a number of papers have ap­
peared [30•32 ] in which attempts were made to esti­
mate the diffusion coefficient from the Spitzer 
formula [331 on the basis of measurements of den­
sity fluctuations. It should be noted that for the 
"tongue" plasma loss mechanism these estimates 
are evidently incorrect. 

We wish to thank A. A. Galeev, G. M. 
Zaslavskil and V. N. Tsytovich for valuable dis­
cussions and E. I. Smokotin for help in the experi­
ments. 

Note added in proof (February 28, 1967). We note that the 
behavior of the amplitude of the harmonics as a function of 
magnetic field described in the text can be given another ex­
planation. It is known that a plasma bounded in length by a hot 
ionizing plate and a cold plate moves toward the latter with a 
velocity - vi [ 34]. Evidently in this case the perturbation can 
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not grow if the period of azimuthal rotation is comparable 
with the transport time of the perturbation r 8 - L/vi from the 
ionizer to the cold plate. In the present experiments it is 
found that r 8 - 2T (T ~ 1/f where f is a frequency of the fun­
damental at which damping occurs). Thus, the quenching of 
the oscillations due to variation of the magnetic field could 
be due to the effect described here as well as to Landau damp­
ing. 
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