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I. OCTUPOLE STUDIES 

The construction of the large levitated octupole was completed, and it 
was found that adjusting the timing of the levators for withdrawing supports 
and for re-inserting supports to catch the hoops was very easy. The adjust
ments were not excessively critical; and any levator which seems to lag behind 
the others can be corrected. It is not necessary to monitor the levator timing 
continuously. We were prepared for much more extensive monitoring of hoop 
flight. Interlocks prevent mistakes in levitation. 

It was necessary to learn how to work the vacuum system. The external 
vacuum pumps are connected only to the drift tank through which plasma from 
the gun passes on its way to a four-inch aperture into the main tank. The 
four-inch aperture can be partially blocked with current-carrying copper bars, 
giving the same average conductivity as a closed surface of aluminum. With 
such bars in place, the plasma would pass through the slots between the bars 
in the same manner that plasma was injected into the small octupole. Pumping 

between the external pump and the big tank takes place through this aperture 
ft "^ which is a very small hole for pumping a volume of about 8 x 10 cm . This 

external pumping brings the pressure down to about 10" torr. The rest of the 
pumping is done inside the main tank with titanium getters which are 
evaporated directly onto the wall. When there are no leaks in the 

_7 
system, our base pressure goes down to 2 x 10 torr, and, with a co
axial plasma gun properly operating on bursts of hydrogen the pressure 
can run around 3 or 4 x 10 torr, with three minutes between pulses. It 
was found that what seemed to be impurities from improper discharges of the 
gun raised the background pressure because the titanium did not pump the 
impurities as well as it pumped hydrogen. The gun has been modified in an 
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attempt to prevent impurities from insulators, and we believe that this will 

take care of the occasional diffiailty with rising background pressure. The 

use of micro-waves is possible with pressure around 3 X 10 and above, with 

no pre-ionization by the gun, and the micro-wave plasmas which were created 

were found to drive the background pressure down. 
q Plasma densities of 10 ions per cubic centimeter could be created with 

the gun, essentially the same as in the small third scale octupole; however, 

with micro-waves, considerably higher densities up to about 10 could be 

obtained. Among micro-wave plasma generation and heating devices, we have 

used 3.25 G.H.z. at 100 KW for 144 micro-seconds and at the other extreme 

100 watts continuous at 2.45 G.H.z. An extensive survey on the-production 

and heating of micro-wave plasmas with the recent results has been submitted 

for publication by Sprott and is in the invited program for the Washington 

meeting of the Plasma Division of the American Physical Society, November, 

1970. 

The Fabry-Perot non-destructive plasma density measuring system which 

had been useful on the small octupole had some initial trials; but it will 

require some more improvement to make it immune to coupling to the large 

vacuum chamber modes. It will give plasma density as a function of time 

which we consider especially important with levitation. 

In order to make some non-destructive density measurements an attempt was 

made to observe the shift in the resonant frequency of the cavity with 

plasma added when excited with 9 or 24 G.H.z. Many more modes are present 

in the large octupole than are present in the small octupole, and the 

measurement turns out to be difficult especially with hoop motion during 
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levitation. The lifetime was consistent with anything from about 11 

milliseconds to infinity; but life-time measurements are really not the 

proper purpose of the large octupole--loss determinations are the proper 

type of observation. 

Observations of loss of particles to hoop surfaces and to walls were 

made. Since the telemetering diagnostic apparatus for determining losses 

to free levitated hoops is not yet ready, it was necessary to read ion 

losses on hoops by letting them rest on the supports which can be connected 

outside or by connecting to the hoops with smaller conductors and making a 

pseudo-levitation. With the supports in place, the life-time of micro

wave high energy electrons is shortened, and with wire connections and 

pseudo-levitation the life-time of micro-wave high energy electrons is also 

shortened when compared with true levitation. Losses collected on hoops 

indicate life-times of the order of 25 milli-seconds. These losses were 

integrated all around the octupole hoops. Localized loss detectors dis

tributed on the hoops await the completion of our telemetering equipment 

and the application of small non-disturbing plasma loss collectors to the 

surface of the hoop. 

Perhaps the most interesting thLng observed when particles were collected 

on the hoop by biasing it was that with early injection the loss to the hoop 

undulated at approximately 400 cycles per second while the magnetic field 

was rising, and a large loss occurred when the magnetic field had fallen 

about 70 per cent. This large loss was very sensitive to the bias and to 

obstacles in the plasma, and it was largest with a minimum number of 

obstacles present. Also, this large loss during the falling field seemed 
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to depend upon the wave-form of the collapsing field. A variable time-con

stant crow-bar has been installed to study the wave-form effect. 

We are endeavoring to develop a plasma loss detector, attachable to 

hoops or walls, which does not disturb the plasma and which does not 

generate the loss which it measures. This should assist in avoiding 

doubts due to observations by simple biasing of a hoop or a collecting 

obstacle. The device is a printed circuit sheet with narrow strips being 

alternately positive and negative for particle collection. A pair of these 

narrow strips covers less than a debye distance at the wall. Collecters as 

large as 200 per square centimeters have been made and attached to the hoop 

or the wall. First tests without levitation show that biasing a hoop 

creates a lot of ion loss persisting long after the initial loss at the 

time of plasma creation. Levitated tests await the telemetering system. 

Hot ions have been extracted from the large octupole and analyzed for 

energy giving ion temperatures in the region of 30 electron volts. Much 

more will be done with the ion and electron distribution function analyzers: 

the measurements discolsed rapid changes in the plasma potential early in 

the history of the plasma. 

Careful determination of the density profile as a function of time 

showed that for the large octupole the plasma sticks to the lines of force 

more closely than it seemed to do for the small octupole while the lines of 

force were compressed with the field rising and while the plasma was expanding 

during the period of decreasing magnetic field. The speed with which lines 

of force carried the plasma into the hoop was determined, and this predicted 

loss was an order of magnitude less than the loss determined by simple ion 

collection on the biased hoop. 
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The program at the November meeting of the Plasma Physics Division 

describes much of this work. 
17 18 A small coaxial gun which produces 10 - 10 particles of lithium 

has been used for internal injection in the small octupole. Using this 

system of creating the plasma within the containment zone we have produced 

densities of 1012 - 1013 cm"3 with T = T. = 25 eV. By shooting the gun 
e I 

along the minor axis, plasmas witli angular momentum are generated and a 

theory was developed to predict their observed behavior. Tliese plasmas which 

are peaked off the separatrix otherwise appear to behave as with transverse 

injection. Trapping efficiencies for the two modes of injection are obtained 

as well as a mode where the plasma is injected along field lines at \\> . The 

latter mode tends to give plasmas with somewhat longer confinement time than 

the other modes. 

The work commenced some time ago (Physical Review Letters 24, 721 (1970), 

Jolm A. Sclimidt) has been carried forward witli improved apparatus. Tliese 

observations disclosed a structuring of plasma which was essentially 

stationary in time. Similar observations were made on the Princeton linear 

quadrupole (Physics of Fluids, September 1970, Pallidino). The geometrical, 

electrical and density details of such plasma structures are being assembled, 

along with studies of the influence of purposely applied field perturbations 

on these structures. A complete survey very close to a hoop around the 

circumference has been made. Theoretical considerations are under way to 

examine the question of what would be expected in a perfectly symmetrical 

field, slightly perturbed. Our view is that these plasma asymmetries have 

to do with imperfections in the structure producing field perturbations 

(although the British have reason to believe that these structures can be 

the result of particular injection effects). 
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Experience and analysis of the bit-pushing program have given us con

siderable insight into the nature of the errors which arise both in this 

kind of program and in particle-pushing programs. These errors are of two 

major types - round-off errors which grow statistically at a rate propor-

tional to T 2, where T is the time step interval, and cumulative truncation 
2 errors proportional to x . There are also transient errors proportional to 

2 x occurring only when data are read in or read out, but they are less 

important as they do not accumulate. There is some hope that simple correc-
2 tions to the potential energy can eliminate the T truncation errors, thus 

allowing use of a longer time step. This not only saves time, but reduces 

the round-off errors. When these errors are understood, it will be possible 

to attempt to optimize choices of x, grid spacings, word length, etc. 

The distribution-pushing algorism has been extended to 1% dimensions 

and used to simulate a cylindrically symmetric situation where a plasma is 

shot through a circular hole. This same situation was investigated experi

mentally by C. H. Stallings and was the subject of his Ph.D. dissertation. 

Computer simulation runs were able to reproduce many of the experimental 

phenomena observed. 

The theoretical work on adiabatic invariance has culminated in two 
1 2 publications ' and a Ph.D. dissertation (J. E. Howard). The work on the 

effect of magnetic perturbations on drift instabilities lias culminated in 
3 a publication and a Ph.D. dissertation (I. K. Kim). 

Nonadiabatic Harmonic Oscillator, J. I!. Howard, Phys. Fludis, 13 No. 9, 
2407 (1970). "~~ 

The Adiabatic Invariant of the Linear or Nonlinear Oscillator, K. R. Symon, 
Jour. Math. Phys., U No. 4, 1320 (1970). 

'Quasi Electrostatic Modes in Axisymmetric Tori, I. Kim and S. K. Malik, 
Phys. Fluids 13, No. 9, 2385 (1970). 
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The analysis of the dispersion relation for drift modes in a plasma 

imbedded in the magnetic field of an infinitely long line current has con

tinued. This model simulates the field geometry between the separatrix 

and the hoops in the octupole if toroidal effects and the presence of the 

other hoops are neglected. Unlike slab models, the calculation is valid 

for arbitrary ratio of the plasma scale length to the field scale length. 

Incorporating the distribution of particle drift velocities leads to 

mathematically intractable integrals unless some rather restrictive choices 

are made for the particle distribution function. We have considered two 

extreme cases: 1) thermalized in v̂  and cold in v , and 2) cold in Vj_ 

and thermalized in v . In both cases the plasma parameter space (n',T') 

can be divided into 6 regions; flute type instabilities occur in five of 

them. In each region the qualitative behavior of the instability doesn't 

depend on the distribution function, although the boundaries of the 

unstable regions vary to some extent. This suggests that for more 

physically reasonable plasmas (0 < T,,/!^ < °°), there are no new surprises; 

the kinds of instabilities that can occur and their qualitative behavior 

is established, although the stability criteria are not know precisely. 

The interchange instability in a high 3 plasma has been analyzed 

from the microscopic point of view. It has been found that stability is 

determined solely by the direction of field curvature, even when g is 
-*■ 2 

high enough to reverse the direction of V(B ). The effect of 3 occurs 

primarily in the finite gyroradius stabilization criteria where it has a 

stabilizing influence. 
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The single ring d.c. device was first operated at the proposed fields 

with plasma on February 22, 1970. The total cost of materials and supplies 

was $11,000.00, including salaries brought the total cost to $19,000.00. 

I. Plasma Parameters 

Lisitano coil (100 watts C.W.) 

T = 6 - 10 eV e 
i inlO "3 

n = 3 x 10 cm 
j = ? i 
(H2 neutrals) = 3 x 1012 cm"3 

In the case of mirror configuration with low neutral pressure (-10 torr), 

an x-ray flux of 100 mR/hr emanated from the ends of the device through 

glass windows. Pulse height analysis of signals from a proportional counter 

indicated a high energy component of - 20 keV. 

Contact Ionized Lithium 
T = T. = 0.2 eV e l 

9 -3 n = 5 x 10y cm e 
,n10 -3 n = 10 cm o 

II. Diagnostics 

a. Langmuir probes were used extensively to determine, n, T , V . 
e p 

For the microwave generated plasmas, the so called probe paradox was 

absent, that is the floating potential determined by high impedance and 

low impedance probes was the same to within 51. This may be due to the 

cleaning of the platinum probe tip by the plasma. Also direct measurements 
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of the plasma potential from^the knee of the I-V characteristics showed 

that one cannot determine the plasma electric fields from gradients of 

floating potential as is attempted in some experiments. 

b. Microwave cavity perturbation techniques at 24 GHz was used to 

determine the total number of electrons in the device and their subsequent 

decay rate after the microwave power (2.4 GHz) was turned off. 

c. x-rays emanating from the device were detected by a proportional 

counter and pulse height analyzed using a nuclear data 128 channel analyzer. 

The system was calibrated using an x-ray tube. 

d. Plasma collectors of 2 types were used to measure plasma loss to 

the hoop. The first was constructed with 36 segments that could be 

monitored individually giving the azimuthal variation of plasma'loss. The 

second type was similar to the plasma eater des'cribed by Alexeff. It had 

800 small plates equally spaced in azimuth which extended radially out from 

the hoop. Every other plate was connected to form a large two electrode 

collector. 

e. A pulsed plasma tracer was used to follow the motion of plasma as 

it convected about the device under the influence of field errors. 

III. Effect of field errors on plasma transport to a Hoop 

This work is summarized best in the paper enclosed which has been 

submitted to the Physics of Fluids for publication. 

The plasma transport to the internal ring of a multipole-likc device 

was increased by over an order of magnitude by the addition of a \% magnetic 

field error which causes field lines to spiral across the confinement region. 
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Magnetic field perturbations which keep the field lines closed produce a 

negligible increase in plasma loss to the internal ring. The plasma is 

observed to flow radially toward the hoop at the region of the pertur-

bation and then E x B drifts azimuthally affecting the density profile 

everywhere in the device. The increased loss under the influence of a 1% 

perturbation corresponds to an effective diffusion coefficient that is 

= 20% of the Bohm value. Detailed experimental studies of the plasma 

transport and azimuthal density profiles are in qualitative agreement with 

a model which considers diffusion^of plasma along the perturbed magnetic 

field to the internal ring. 

The present work is concentrated on determining whether the threshold 

for an applied perturbation to become important depends (a) on the value 

of perturbations already present or (b) is determined by a plasma property. 

We are in the process of constructing a new internal coil with higher 
_3 symmetry (6B/B > 10 ) to check (a). Also experiments are being done with 

gun injected lithium plasmas to check (b). The gun plasma will initially 

have high density (short mean-free path) and later in the decay have low 

density (long mean-free path), in all cases the neutral pressure can be low. 

A high symmetry toroidal field has been added to the d.c. machine. 

The winding consists of 50 turns (100 A/turn), which passes through a 1" 

diameter pipe down the symmetry axis of the device. The returns are equally 

spaced at the radius of 36" (the maximum plasma radius is 16"). The initial 

results can be summarized as follows: 

1) With no externally applied perturbations, a toroidal field of 

24 gauss (measured at the radius of the hoop) causes a reduction in the 

plasma transport to the hoop by a factor of between 30 to 50. 
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2) With externally applied perturbations, the toroidal field reduces 
\ 

the transport as long as the applied error field is not greater than the 

toroidal field. 

IV. Study and Feedback Stabilization of Edge (Flute) Oscillations (R. Prater) 

For the field configuration of Fig. 1, the MHD stability properties 

depend on the aperture of the source collimater. If the collimater is at 

position A, the separatrix is filled and the edge is in a region stable 
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against MHD modes T— S - < 0. But if the collimater is at B, the edge 

of the plasma column is MHD unstable, and fluctuations occur which tend 

to move plasma radially outward into a lower energy state. 

These edge fluctuations were studied in detail, and accurate measure

ments of to , k^, k,,, growth rate, radial dependence of amplitude and 

phase, and direction of propagation were made. The fluctuation appears 

to be an M = 1 flute mode travelling azimuthally in the direction of electron 

VB and Vp drifts with fundamental frequency of 7 to 18 KHz and up to 4 

harmonics. A collimater with aperture continuously variable between A and 

B under vacuum and a probe outside the internal ring were used to determine 

that the destabilizing mechanism is that suggested above. 

This MHD instability was reduced in amplitude by 20 db by the means 

of negative feedback stabilization. A small probe senses density fluctua

tions, and the signal is amplified and delayed and applied to a suppressor 

electrode at the end-plate of the macliine (outside the mirror). The required 

gain and phase of the system are compared with a theoretical model. 



13 
Technical Progress Report 
AT(11-1)-1726; COO-1726-70 

IV. SUPERCONDUCTING STUDIES 

Two experiments have been initiated in an attempt to measure high 

pressure helium heat transfer and to understand the magnet critical current 

enhancement due to high pressure helium. That work was reported earlier on 

this contract and also published (R. Fast, RSI - Vol. 41 No. 6, 884-885, 

June 1970). The central point made was that Nb,Sn magnets in high pressure 

helium (4-20 atm) can sustain a given magnet current to temperatures about 

4 K higlier than when operated in helium gas at one atmosphere. Our approach 

was to try to explain this effect by isolating one possibility at a time. 

The first experiment is a study of heat transfer from an isolated short 

sample in high pressure helium. High pressure here refers to pressures 

above one atmosphere including for the most part supercritical pressures. 

The conductor samples are copper clad wires 0.009" dia with 0.0045" Nb-Ti 

cores. The samples were first prepared by degrading the properties of a 

short central length of the NbTi core without in any way altering the copper 

surface of the wire. This was accomplished by heating a short section of 

the wire sample between two water cooled copper blocks. The critical 

current and critical field of the short central length of NbTi core were 

thus lowered which provides a 1/2 inch normal length at low current levels. 

The conductor is then somewhat equivalent to one which has just suffered a 

flux jump. 

The plan was to measure normal front propagation and recovery as a 

function of helium pressure and temperature. A small "bomb" 4 in. long x 1 

inch dia was constructed for use up to 20 atmospheres with all the necessary 

gaging and electrical connections. The container could be submerged in 

liquid helium for 4.2 K tests or lifted out of the bath for experiments at 

higher temperatures. Several experimental difficulties have been overcome; 
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particularly leak free pressure measurement with a small tube and room 

temperature gage. The key design feature was the development of a high 

pressure valve on the submerged bomb which sealed off the high pressure 

helium in the bomb. Previously in other designs there was an excess of 

helium in room temperature connecting tubes, which could dilute the super

critical volume. 

Propagation tests with both direct and pulsed currents are of interest. 

In the first case steady state heat transfer can be measured while with 

pulsed currents the effect of a surface layer of helium on the wire could 

be determined. There are good reasons to expect that helium enthalpy 

stabilization inhibits transient thermal excursions and could play a role 

in the high current levels found for the Nb,Sn magnet. By checking propaga

tion at different helium pressures the possible effect of a blanket of 

helium around a wire should be detectable. Ordinary convective processes 

are measured with dc currents. 

The specifications for the pulsed current source are determined as 

follows. Assume that the initial current is zero and increases linearly. 
2 In the absence of helium, the time x required for I R heating to raise the 

wire temperature from 4.2 K to a final temperature T depends on the rate of 

change of current and the enthalpy of copper, sec the sketch. 

I c 
critical current, 
NbTi wire 

I = 70 A, T=5°K,x = 4u sec 
cl 

^ 1 = 3.6 A, T = 8 . 8 % x=17 msec 
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The line marked fast represents a rapid ramp which reaches a high current 

before the superconductor goes normal. A slow ramp allows the conductor 

to heat up much more before I is reached. Two calculations are shown 

above. A current pulser was constructed which delivers up to 70A on a 

linear ramp in the us to ms range. 

The first tests showed that the dc critical current of the heat-treated 

gap material was 16A compared to 120A for the initial conductor. Following 

a normal transition of the gap material the whole wire became normal. There

fore we found that the heat generation exceeded all of the removal possibilities 

so, in effect, we have established that up to 300 psi a normal region in the 

0.009" wire cannot be stabilized by supercritical helium heat removal at 

4.2 K. Tests below 16A are not possible since the NbTi in the gap becomes 

superconducting. Samples are needed with lower current critical gaps. It 

is necessary to completely remove the superconducting core in the gap region 

or else find a more severe heat treatment to quench superconductivity at 

lower transport current levels. 

The second set of samples were prepared by butt welding a 1/2 inch 

length of .009" copper between two lengths of .009" composite conductor. 

Thus the gap region is always resistive at all current levels. The dc tests 

showed a true ohmic behavior for the 1/2 inch copper gap up to 10 ̂  12A at 

which time a normal region could be made to propagate. This indicates that 
2 heat removal processes provide adequate cooling up to 10A beyond which I R 

in the gap region leads to wire temperatures above the critical temperature. 

The 10A dc propagation level was found to be independent of helium 

pressure. However, pulsed current tests with the welded gaps gave good 
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indications (on oscilloscope pickups) that the propagation current was only 

4A. This was also independent of helium pressure and independent of rise 

time from lOus to 100 ms. The welded samples were recognized to be far 

from perfect since the laser beam used for welding was about 0.02" in dia., 

more than twice the dia of the wire. The joints are severely necked down. 

The final gap samples were simple overlaped soldered pieces, see the 

sketch. 

0.0045" NbTi cores .-0.009" wires 

? / I 
1> * jWWM*WI*Lu|tpei fiTOUUW * 

solder 
i-ii I , I I r,ii 

The dc critical current level is 25A before normal front propagation 

takes place. Again the level is independent of pressure, but presumably 

higher because the copper is no longer necked down and distorted and pre

sents a larger cooling surface. I'ulsed currents gave no indication at all 

of causing a normal front to propagate at any pressure up to 300 psi. Rise 

times near 1/2 ms were especially attempted since that time should allow an 

adiabatic 0.009" copper wire to reach 9 K while carrying 25A. 

Although reservations have been made above due to sample deficiencies 

it is true that no pressure effect was noted for any of the gap samples. 

We should carefully state, however, that the reverse was not proven; we 

did not show that a pressure effect does not exist. 
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As a further simplifying step we discarded the gap concept and used 

a single 0.009" copper wire. For very pure copper the resistance changes 

enough with temperature to be used both as a heat source in high pressure 

helium and as a thermometer. These experiments were temporarily discon

tinued because major modifications to the apparatus are required in order 

to accommodate high purity copper samples. The thermal conductivity of 

high purity copper is so high that thermal end losses in the present bomb 

are the predominant losses. 

Rather than design a new bomb at this time it was decided to simply 

measure high pressure helium convection and conduction with thermo

couples and large copper samples in even larger controlled atmospheres. 

Such an apparatus is under construction and should provide basic informa

tion with which to return to gap and other practical tests to better 

understand isochoric heat transfer effects. 
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We plan to continue work on the circularly polarized Fabry-Perot 

resonator system evaluating its potential as a useful diagnostics tool. 

In addition an interesting result of this study is that because of the 

resonator's high sensitivity, the mode splitting was observable far from 

w . Hence, we would like to try the system with the B field normal to 

the resonator axis and attempt to measure the amplitude of the resonances 

at the harmonics of to According to V. Arunasalam, et al., Phys. Fluids, 

11 No. 5, May 1968 p. 1076-1084, such amplitude should allow determination 

of electron temperature by microwave means. They used a single pass 

system with horn antennas but this method should be far superior. Also' 

because of the exceptionally good coupling of a rotating standing wave to 

the cyclotron resonance the system may be very effective for plasma heating. 
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During the past year we have made considerable progress on the problem 

of slowing down fast test particles in a plasma. This is important both 

for alpha thermalization and injection heating of toroidal systems. The 

calculation seeks to overcome the assumptions made in the classical work of 

Chandrasekhar and Spitzer. This analysis is valid in the range where the 

test particle speed is greater than that of the field particles. A quantum 

mechanical calculation for arbitrary field particle speeds is nearing 

completion and should provide further corrections to the Spitzer theory. 

Unfortunately, all corrections thus far have been to increase the thermali-

zation and slowing down times indicating that it may be necessary to reduce 

the electron temperature to increase the coupling. 

Considerable time has been spent on looking at the separation problem 

of D and T from a fusion reactor being used to recycle waste. Calculations 

indicate that separation techniques which remove tritium to less than one 
3 part in 10 are sufficient to provide reusable materials which are not more 

radioactive than granite or coal. This is based on the fact that tritium 

(T) can be removed from, say molten iron to better than 5 ml T per 100 gm Fe. 

This together with the fact that 3 emission inside iron is confined, leads 

one to conclude that the torch concept may be expensive but it may have a 

future. We plan to write up the details of this study soon but it may be 

greatly expanded to look at other problems for a thesis. 
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VII. FILLING STUDIES 

Because of our experience in polarization effects of plasma blobs 

entering magnetic fields and the fact that space charge neutralized ion 

beams can be focussed, we set out to see if the plasma from a gun could 

not also be focussed. Simple D.C. ring magnets placed in front of occluded 

gas guns and observed only by luminosity were seen to take diverging streams 

and to make them parallel. We therefore set out to focus the plasma from 

coaxial guns with shorted field lines. Tests indicate that the plasma 

density on axis 1.5m downstream from such a gun increases from 40 to 50 

times with the addition of only a few hundred gauss short solenoidal field 

near the breach of the gun. The general behavior of the coil is just like 

that of a magnetic lens. However, if one increases the field strength to 

over focus the beam, the on axis density drops and then continues to 

increase with the field. While we are extremely pleased with the results, 

it is felt that further tests are necessary to fully understand the effect. 

In the meantime, a coil is being fabricated for use on the large octupole. 

As a consequence of the above success very little was done on the 

mapping of field lines into the octupole so that plasma guiding would be 

possible. Empirical studies of gun parameters was continued and we now 

feel that it is possible to make some be fore-the-fact predictions on gun 

behavior. 
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ABSTRACTS 

Submitted to the November, 1970, Washington American Physical Society 

Meeting: 

Experimental Density Profile Evolution in Flux Space and Time in the 
Large Octupole, James Drake and Ron Willig. 

A Measurement of Particle Loss in the Levitated Toroidal Octupole, 
Alfred Cavallo. 

Ion Decay Rates and Spectra, and Plasma1 Potential Measurements in 
Large Octupole, R.A. Breun 

Nondisturbing Plasma Loss Collectors, D.E. Lencioni and D.W. Kerst. 

Observation and Stabilization of Flute Modes in a Curved Magnetic Field, 
Ronald Prater. 

Plasma Injection along the Minor Axis of the Supported Wisconsin Toroidal 
Octupole, H. de la Fuente and H.K. Forsen 

Effects of Field Errors on Plasma Transport to a Current Carrying Ring, 
T.C. Jernigan and D.M. Meade. 

Response of Plasma Structure to Attempts to Correct Field Errors, 
A.W. Molvik and T.S. Wise. 

Ion and Electron Waves in a Strongly Curved Magnetic Field, J.G. Martin 
and G.A. Emmert 

Curvature Stabilization of the Universal Instability, G.A. Emmert. 

Finite-Beta Effects on Quasi-Fluid Instabilities in Axisymmetric 
Systems, I. Kim. 

General Quantum Mechanical Formulation of the Problem of Scattering of 
Alpha Patticles in a Thermonuclear Plasma, A.A. Ifusseiny and H.K. Forsen. 

Plasma Motion in a Solenoidal Magnetic Lens,C.E. BuslTand H.K. Forsen. 
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TALKS 

Flute Oscillations in a Curved Magnetic Field, J.G. Martin and G.A. Emmert, 
Bull. Am. Phys. Soc, 15_ 96 (1970). Given at the Chicago American Physical 
Society Meeting, January 26-29, 1970. 

Plasma diagnostics with Fabry-Perot resonators, J. Beyer, colloquia given 
at Technische Universitat Brownschweig (Spring 1970) and at University of 
Iowa (Spring 1970). 

Bit Pushing and Distribution Pushing Algorisms for the Solution of a 
Vlasov Equation, K.R. Symon, D. Marshall and K.W. Li, to be given at 
The Fourth Conference on Numerical Simulation of Plasmas, November 2-3, 1970. 

Plasma Measurements in a Levitated Pulsed Octupole, H. Forsen, D. Kerst, 
R. Breun, A. Cavallo, J. Drake and J. Sprott, The Fourth European Conference 
on Controlled Fusion and Plasma Physics, August 1970, Rome, Italy. 
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PUBLICATIONS 

The Adiabatic Invariant of the Linear or Nonlinear Oscillator, K.R. Symon, 
Jour. Math. Phys., 11 No. 4, 1320 (1970). 

Experiments and Observations on Polarized Plasma Injection, G.O. Barney, 
Phys. Fluids, 11 No. 12, 2429 (1969). 

Stability of the Screw Pinch with Hall Current, S.K. Malik, accepted for 
publication in Jour. Plas. Phys. 

A Microwave Plasma Density Measuring System with Microsecond Response Time, 
Stanley G. Burns and James B. Beyer, Rev. Sci. Instr., 41 No. 1, 33 (1970). 

Force Reduced Superconducting Toroidal Magnet Coils, Advances in Cryogenic 
Engineering, R.W. Boom and J.C. Lawrence, Plenum Press, 15, 184 (1970). 

Curvature Stabilization of the Universal Instability, G.A. Emmert, submitted 
for publication to Phys. Fluids. 

Resonant and Nonresonant Flute Instabilities in a Strongly Curved Magnetic 
Field, J.G. Martin and G.A. Emmert, to be submitted for publication to 
Phys. Fluids. 

Behavior of a Cold Ion Plasma in a Toroidal Octupole, J.C. Sprott, Phys. 
Fluids, 13 No. 6, 1626 (1970). 

Improved Fast Opening Gas Puff Valve, G. Kuswa, C. Stallings and A. Stamm, 
Rev. Sci. Instr. 41, 1362 (1970). • 

Plasma Motion in a Time Changing Toroidal Octupole Magnetic Field, 
Donald E. Lencioni, accepted for publication in Phys. Fluids. 

Quasi Electrostatic Modes in Axisymmetric Tori, I. Kim and S.K. Malik, 
Phys. Fluids, 13 No. 9, 2385 (1970). 

Nonadiabatic Harmonic Oscillator, J.E. Howard, Phys. Fluids, 13 No. 9, 
2407 (1970). ~ 

Plasma Convection in a Toroidal Octupole, J.A. Schmidt, Phys. Rev. Letters, 
24 No. 13, 721 (1970). 

Obstacle Induced Convection in a Toroidal Octupole, J.A. Schmidt and G.L. 
Schmidt, Phys. Fluids, 13 No. 5, 1351 (1970). 

Electron Cyclotron Heating in Toroidal Octupoles, J.C. Sprott, submitted 
for Publication to Phys. Fluids, November 1970. 

Observations of Anomalous Plasma Loss Produced by Magnetic Field Errors, 
T. Jernigan, R. Prater, and D.M. Meade, submitted for publication to 
Physical Rev, September 1970. 
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PUBLICATIONS 

An Electron Beam as a Method of Finding the Potential Distribution in a 
Cylindrically Symmetric Plasma, Charles Stallings, Jour. App. Phys., 
has been accepted for publication. 

The Effect of a Slit on the Plasma Ion Energy Distribution, C. Stallings 
and G. Kuswa, Jour. Appl. Phys., has been accepted for publication. 

High Pressure Performance of an Nb,Sn Ribbon Solenoid, R. W. Fast, Rev. 
Sci. Instr. 41, 6 885 (1970). "* 

Scattering Probability of Fast Test Particles, A. A. Husseiny and 
H. K. Forsen, Phys. Rev. A, to appear in Nov. 1970 issue. 

Slowing Down of a Fast Test Particle in a Plasma, A. A. Husseiny and 
H. K. Forsen, Phys. Rev. A 1, 5 1483 (1970). 

Testing and Improving the Frequency Response of a Piezoelectric Probe, 
C. H. Stallings, Jour. Sci. Instr. has been tentatively accepted for 
publication. 
Measurement of Plasma Conductivity for Electric Fields Larger than the 
Runaway Field, D. Lencioni, Phys. Fluids, has been accepted for publication. 

Spark Gap Power Switching for Conical Theta-Pinch Plasma Gun, Glenn Kuswa 
and Charles Stallings, Rev. Sci. Instr., 41,10 1429 (1970). 

Sensitive Fast Response Electron Detector, Glenn Kuswa, Rev. Sci. Instr. 
has been accepted for publication. 
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