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We are engaged in a study of a 1OT.7 frequency (a)<co .) instability 

found in a hollow cathode discharge in Heliun using an Ion Beam Probe 

as primary diagnostic. In this talk, we will report on three aspects 

of the instability: The location and amplitude of the oscillation and 

iis correlation with the shape of the space potential; the phase angle 

between density and space potential oscillations; and the comparison of 

the data with three known instability models - Kelvin Helraholtz, Rayleigh 

Taylor and Drift waves - for mode identification. 

First we will briefly describe the basic principles of Ion Beam 

Probing (IBP) with the aid of the first slide. We direct a +1 beam of 

alkali metal ions perpendicular to the magnetic confining field. Upon 

intercepting the plasma, some of the +1 ions undergo electron impact 

collisions and are converted from +1 to +2 ions. These +2 ions are 

then separated from the +1 ions by the magnetic field. A detector 

placed as seen on the slide will collect +2 ions originating from one 

snail volume inside the plasma. The detector, a feedback controlled, 

parallel plate, electrostatic energy analyzer, allows measurements of 

the steady state electron density, electron temperature and the plasma 

space potential. In addition, it allows measurement of fluctuating 

density and space potential with a bandwidth out-to 100 KHz. All measure

ments are made simultaneously and continuously in time. 

The next slide shows the steady state measurements of density and 

space potential in the form of isometric maps. The density displays no 

striking features. It is approximately gaussian with peak density of 

2 x 10 /cm and peak electron temperature of 10 eV. The space potential 



has a peak value of 50 V and has much snore interesting structures as will 

be seen when electric fields are examined. 

The third slide shows an amplitude napping of the density fluctua

tions in the form of a contour map of the RMS amplitude of the fluctuation. 

The mode is strongly localized radially in the shape of an incomplete 

ring or "C" shape. The mode lacks azimuthal symmetry. We get the fami

liar radial profiles by noting the mode amplitude along a radial line, 

line A for example. Walking inward, we see the sharp rise, a sharp fall, 

a hole in the center, and again a sharp rise and fall to the outside. 

The peak An/n is around ten percent. In a similar manner, the peak 

space potential fluctuation is found to be 25 V RMS. We also have 

measured K and it is small. 

For future reference, I will be citing data from along two lines. 

Line A is a diameter and passes through the center of the oscillation, 

so in general, we will see the "hole" along Line A. Line B is a chord 

and is located to maximize the density fluctuation amplitude. 

We now take a look at the shape of the space potential and see if 

the instability is dependent upon this shape. The fourth slide shows 

a plot of the steady state space potential, the radial electric field 

and the RMS density fluctuation amplitude. This is along Line A. We 

see a dip in the space potential 0 . This means there is a reversal in 

the radial electric field E as shown on the slide. From E x B, there 
r ' 

exists two counterrotating fluids, and along the fluid interface where 

E = 0, there is maximum fluid shear. In the region of maximum shear r 
caused by the field reversal, there is maxiaun instability amplitude. 
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Kow we will change the shape of the space potential and see what 

happens to the mode's amplitude and location. The first way this is 

done is to change the magnetic field strength, keeping the arc current 

constant. This is seen on the fifth slide where we are looking along 

line B, the chord where the density oscillation is maximum. The oscil

lograms are spatial plots of fluctuating density (the fluctuating enve

lope) and steady state 0 taken simultaneously. To the right, we have 

an oscillogram of the frequency spectrum from 0 - 100 KHz. As the 

magnetic field is increased from 1800 G to 2^00 G, 0 changes shape; 

as the spatial gradients become more pronounced, so does the instability 

in amplitude and in coherence. The space potential is also made to change 

by changing the arc current, keeping the magnetic field strength constant. 

A similar series of oscillograms is seen on the sixth slide. When the 

arc current is changed from 20 to 28 A, 0 changes but this time, the 

spatial gradients of 0 become less pronounced. The instability ampli

tude drops, and the mode becomes less coherent. 

We now break away from instability amplitude and space potential 

fluctuations and turn to the phase difference between the density and . 

space potential oscillations as is seen on the seventh slide. On the 

left, the phase of both density and space potential fluctuations with 

respect to an arbitrary reference are plotted as a function of radial 

position (line A on slide 3). Below is plotted the M S density fluctua

tion amplitude for reference. The density fluctuation phase is constant 

where the mode is localized and exhibits a 130 shift relative to the 

other side of the plasma. This shows the node has an azimuthal mode 



number m = 1. We have also found that the node is rotating in the 

electron diamagnetic drift direction. The space potential phase is 

rapidly shifting where the mode is localized. On the right, the rela

tive phase between the density-space potential oscillation is plotted, 

again with the density fluctuation RMS amplitude plotted for spatial 

reference. Where the mode is localized, the shift is from i;0 - 175 . 

We have collected a good amount of data, and we now try to bring 

it together by making comparisons between our experimental data and 

three instability models from fluid theory - Kelvin Helmholtz, Rayleigh 

Taylor and Drift waves - and try to make an identification. The last 

slide has a summary of the experimental data and theoretical predictions 

from the three modes. It should be noted that a definite negative is 

sought to eliminate a mode from consideration. 

Parallel Wave Number 

Experimentally, this was found to be small and presents no problems 

with any of the models. 

Mode Localization 

Experimentally, the mode is localized in the region of maximum 

fluid shear. Kelvin Helmholtz mode theory predicts this. The other 

two modes cannot be eliminated because of lack strong evidence to the 

contrary. 

Mode Number 

Experimentally m = 1; this presents no restriction with the theore

tical predictions. 



Instability Frequency 

Experimentally, the frequency is constant across the plasma cross 

section. When expressed in terms of the rnaxiaum E x B rotation frequency, 

the data fits in well with Kelvin Helmholtz theory. There is a question 

for the other two modes because the 3 x B frequency, aip, is not a constant 

and, in fact, changes quite rapidly where the mode is localized. 

Rotation 

As mentioned earlier, rotation was found to be in the electron dia-

magnetic direction. Not too much can be said from the predictions because 

of the field reversal and subsequent counterrotation. 

Growth Rate 

We have not measured the growth rate but we think we know how, 

therefore, this category will be ignored at present. 

Normalized <̂j>/ An 

Experimentally this is a large number, much greater than 1. Kelvin 

Helmholtz theory predicts this. Rayleigh Taylor predicts a number greater 

than or equal to one so the mode cannot be conclusively eliminated. 

However, the Drift mode is eliminated because its theory predicts the 

ratio to be one or less. 

Local Radial Phase Shift 

Experimentally, this is 1+0 - 175 - This is predicted by Kelvin 

Helmholtz mode theory. The other two modes are eliminated by the range 

and magnitude of the shift. 

Peak Normalized Space Potential Fluctuation Amplitude 

Assuming an ion temperature of 1 eV, this normalized amplitude is 

large compared to unity, again fitting Kelvin Helmholtz mode predictions 

and eliminating the other two modes. 



From this comparison of experirental data and theoretical predic

tions, we conclude the mode is a Kelvin Helmholtz instability. A large 

amount of very detailed information, most of which is unobtainable by 

conventional means, was needed for the comparison. In many respects we 

sometimes think we had too much information, because the real plasma 

does not exhibit simple symmetries nor does it clearly display simple 

mode physics. When the detailed picture of the plasma is seen, it is 

sometimes confusing. 
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