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A method is proposed for the measurement of the transverse diffusion coefficient of a 
collisionless plasma; the method is based on the measurement of the longitudinal plasma flux. 
Experiments carried out on a Q-machine have shown that drift instabilities lead to an ano
malous loss of plasma from the system. The diffusion coefficient varies as 1/H and is the 
same order of magnitude as the Bohm value. 

A large number of papers in the literature are 
concerned with the investigation of drift or uni
versal instabilities and the associated diffusion of 
plasma across a magnetic field. [1- 31 The direct 
measurement of the absolute value of the diffusion 
coefficient is difficult and has been frequently 
found to depend on the method of measurement. At 
the present writing it appears that there does not 
exist a reliable methdd for the determination of 
the diffusion coefficient. For this reason it is of 
interest to investigate various indirect methods, 
one of which is considered in detail in the present 
paper. 

1. The method proposed here consists in the 
determination of the transverse diffusion flux from 
measurements of the radial density distribution at 
various cross-sections along the length of the 
plasma column. Using the equation of continuity 
and neglecting recombination, we can express the 
transverse flux density as follows: 

1 r a 
h =- 5-iJ (nu)rdr. (1) 

r 0 z 

On the basis of the results in l41 we assume that 

the plasma flow rate u ( r, z) =...; 2Ti/Mi is con
stant in all cross sections. Thus 

- T 

. l/2Tt 1 (' iJn(r,z) 
JJ.(r, z) = V M.-;: J az riJr, 

1 0 

By measuring the radial density distribution in 
various cross sections it is a straightforward 
matter to obtain the numerical value of h from 
(2). Thus, the method proposed here makes it 
possible to determine the diffusion coefficient 

(2) 

D 1 = (an/a r) - 1 at a given point specified by r and 
z. 

In the course of an experiment a supplementary 
estimate of the diffusion coefficient can be ob
tained by a method similar to that used in l1• 31. 
For this purpose one makes use of a special de
vice which measures the diffusion flux h at the 
edge of the plasma column. 

2. The experiments have been carried out on a 
Q-machine [5,sJ (Fig. 1a), in which the plasma is 
produced by thermal ionization of potasium vapor 
on a tungsten plate heated to 2000°K. The plasma 
column is 3 em in diameter and 105 em long and 
is located in an axial magnetic field which can be 
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b a 

FIG. 1. a) Diagram of the apparatus: 1) plasma source; 
2) double probes, 3) copper plate at floating potential, 
4) device for measuring the flux i.l; b) device for measuring 

the flux j .l· 

varied from 0 to 4.5 kOe. The experiments have 
been carried out with a low-density plasma 
l » L ( l is the mean free path and L is the 
length of the apparatus). The plasma column is 
bounded at the ends by a tungsten plate (plasma 
source) and by a cold copper plate which is at 
floating potential. 

In the course of the experiment we have inves
tigated the low-frequency noise in the plasma po
tential. The diffusion coefficient is measured 
simultaneously by the two methods described 
above. The plasma density and electrostatic noise 
are recorded by means of one of the two double 
floating probes. In measuring the plasma density 
account is taken of the enhancement of the effec
tive probe area [7] because at low values of the 
density the Debye radius becomes comparable 
with the probe diameter. The probes are 
molybdenum wires (0.2 mm) with an open length 
of 5 mm which are separated from each other by 
a spacing of 5 mm; the probes are sealed into 
glass tubes. In some of the experiments we have 
used probes with electrode lengths of 2 mm. The 
noise signal from the probe is observed with a 
standard spectrum analyzer (ASChKh-1 or SCh-8); 
use has also been made of a tuned microvoltmeter 
(V6-2). 

By means of the electric probe it is possible to 
measure the oscillations of the potential Uw in the 
wave being investigated. [SJ If the distance between 
the probe electrodes is d, the field associated 
with the wave is E = Uw/d. When A» d, there
lation betweenJhe wave amplitude cp and E is as 
follows: cp ;:;:; AE/ 4 where A is the wavelength. 

The measurement of the diffusion coefficient is 
carried out as follows: the electric probes are 
used to obtain the radial plasma density distribu
tion at various cross sections along the length of 
the column and (2) is then used to obtain the value 
of the diffusion coefficient. By taking similar dis
tributions for various values of the magnetic field 

one can obtain the dependence of the diffusion co
efficient on magnetic field strength. It should be 
noted that the determination of D .l requires an 
extremely careful analysis of the probe measure
ments. Small misalignments of the radial probes 
can lead to an incorrect determination of the 
profiles and plasma density gradients and thus to 
errors in D .l· Because of the instability of the 
plasma and the variation of the plasma parameters 
in time (the change in 7Jo in the course of the ex
periment) the error in the determination of dn/ dr 
and dn/dz is 10-15%. But in the determination of 
dn/ dz the difference in the densities of 10-15% 
corresponds to a calculated D1 = 102 cm2/sec. 
Hence, this value of D .l represents the minimum 
value of the diffusion coefficient that can be 
measured under the present conditions. 

As indicated above, the diffusion coefficient has 
also been measured by measuring the flux j_L. The 
flux-measuring device consists of two metal 
plates enclosed in a shield, the entire device 
being located at the edge of the plasma column. 
The shield is at the floating potential. The prin
ciples of operation of the flux-measuring device 
have been described in detail in [1• 31 . As is well 
known, when the Q-machine is operated with an 
electron sheath at the tungsten plate, in which 
case the oscillation amplitude is small, one should 
observe the classical diffusion coefficient D.l 
;:;:; 1 cm2/sec. Under these conditions our flux
measuring device yields D1;:;:; 50 cm2/sec. This 
value characterizes the accuracy of the method. 
A more careful arrangement of the plates can 
yield a higher accuracy_E3J 

3. In the presence of an ion sheath at the sur
face of the tungsten plate one observes waves for 
which the fundamental frequency lies in the range 
8-30 kHz. Similar oscillations have been observed 
in Q-machines. [1•9- 111 

The authors of[1. 3•10•111 propose that these os
cillations are drift waves. Hence, we shall not 
dwell in detail on analysis of the electrical noise 
but note a number of factors which indicate the 
drift nature of the oscillations observed in these 
experiments. First of all, one notes the depend
ence of the oscillation frequency on magnetic 
field. The oscillation frequency goes as 1/H. 
Phase measurements carried out by means of a 
system of probes distributed in the azimuthal 
direction indicate that the wave propagates in the 
direction of electron drift with a frequency given 
by 

cT Vn 
w.~-ky---. 

eH n 

The phase velocity of the wave lies in the range 
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Here, 

kz = 2n/L, ky- 1 I R, 

where R is the radius of the plasma column, L 
is the length of the plasma column, Ui and ue are 
the ion and electron thermal velocities and T is 
the plasma temperature. 

The component of the wave along the static 
magnetic field exhibits a maximum amplitude at 
the center of the plasma column and falls off 
smoothly towards the ends. No phase variation is 
observed along the plasma column. 

It is well-known that an inhomogeneous plasma 
is unstable against drift waves.[12 •13J This is sup
ported by the diffusion measurements. The de
pendence of the diffusion coefficient on magnetic 
field in the regime in which the oscillations appear 
is given in Fig. 2. The curve denoted by 1 is ob
tained from (2) while the curve denoted by 2 is ob
tained from the measurement of h· It is evident 
from the figures that the diffusion coefficient D 1 
goes as 1/H and that its absolute value is ap
proximately 103 cm2/sec, being of the same order 
as the Bohm value. In these same experiments we 
~ave measured the field associated with the wave 
E at the center of the plasma column. The depend
ence of E on magnetic field for the fundamental 
frequency is shown in Fig. 3. 

log(H Dl.), cm2 /sec 

5.3 --~~~-r~-L~----2 

6.0 

5.5 
o~--~as~--~t.o~--,~.5--~4~0-k~Oe 

Fig. 2. The dependence of the diffusion coefficient on mag
netic field: 1) D j_ as obtained from (2) in the text, 2) D _L as 
obtained from a measurement of the flux J _L. The plasma den
sity n0 ~ 6 x 108 em·•. 
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In the regime in which an electron sheath is 
present at the tungsten plate the amplitude of the 
oscillations falls off sharply and, simultaneously, 
the significant plasma density gradient along the 
axis of the column disappears. Under these condi
tions, as we have indicated above, the measure
ment of the flux h yields a value D1 ~ 50 cmo/sec 
while the measurements in accordance with (2) 
yield a value D 1 :S 102 em/ sec. 

Thus, the results reported here indicate that 
the excitation of oscillations in the plasma leads 
to an enhancement in the number of effective colli
sions and causes an anomalous loss of plasma 
from the system. Measurements of the diffusion 
coefficient carried out by two different methods 
give similar results. 

In conclusion the authors wish to thank B. B. 
Kadomtsev for valuable discussions. 
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