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Studies of Charged-Particle Distributions in an Electrostatic 

Confinement System 

II Abstract 

The spherical electrostatic confinement device employing 

six ion guns has been operated with differentially pumped ion guns 

and with the high voltage switched at rates of 5 and 10 Hz to 

permit "continuous" measurements of two microwave cavity modes for 

determination of the electron density in the interior. In measure

ments down to 0.4 millitorr (deuterium) the effect of the background 

gas dominates in its contribution to the measured electron density. 

At ̂ 10 GHz the threshold detection sensitivity was equivalent to 

that of a uniform electron density of 5 x 10" electrons/cm3. 

However, the use of shorter wavelengths to obtain meaningful spatial 

resolution was considered impractical because of the low densities 

observed. The comparison of electron densities achieved with individ 

ual ion beams is found to be a powerful technique and it is planned 

to use this method at 'v- 2 GHz to measure the extent of cooperative 

effects that occur when the six beams are simultaneously present. 

Similar measurements are also planned with the neutron yield. 
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Ill Introduction 

This report covers the 20-month period from August 1, 1972 

through March 31, 1974, although minimal activity occurred during 

the fall semester (September through December) of 1972 when 

support funding for graduate assistants was not available. 

The device under test has a 6.75-in. I.D. vacuum envelope 
(1) 

(originally used by Hirsch ) with six symmetrically positioned 

ion guns that direct their beams radially inward. The beams 

pass through 3/16-in. dia. apertures into an inner shell of 4-1/2 

in. diameter which is mounted concentrically within the envelope 

and held at a high negative potential. In addition to its primary 

role in the operation of the device, this inner shell serves as 

a microwave resonant cavity for diagnostic measurements of the 

electron density inside it. 

The initial determinations of electron density previously 
(2) 

reported were "single-shot" measurements made by observing the 

change in resonant frequency at the time of turning the high 

voltage on or off. Furthermore, the operating pressure could not 

be reduced to desired levels because differential pumping of the 

ion guns had not yet been provided. 

The measurements discussed here were made with the high voltage 

switched at a 5 or 10 Hz rate on a system with differentially-

pumped ion guns. 

(1) Robert L. Hirsch, "Inertial-Electrostatic Confinement of Ionized Fusion 
Gases," J. Appl. Phys., Vol.38, No. 11, pp 4522-4534 (October, 1967). 

(2) Progress Report No. COO-2180-1, November 1, 1971 - July 31, 1972. 
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IV Objective 

The overall objective is to better understand inertial-

electrostatic confinement of ions in order to evaluate this 

confinement method for possible use in a fusion reactor. The 

immediate objective was to develop the necessary instrumentation 

to "continuously" measure the frequency shifts of two microwave 

cavity resonances within the device and to use this technique 

to determine electron density distributions. 

V The Instrumentation 

The instrumentation which was developed for making the 

"continuous" frequency shift measurements is described in Report 
(3) 

No. COO-2180-3 . The material in this report was also submitted 

to the Department of Physics and Astronomy, Brigham Young University, 

as a masters thesis. 

VI Measurements to Date 

The results of significant measurements to date are given 
(4) 

in Report No. COO-2180-2 

VII Summary and Significance of the Measurements 

(1) The measurement system showed a threshold sensitivity for 

(3) Robert P. Evans, "Instrumentation for Continuously Recording Plasma-
Induced Frequency Shifts of Two Microwave Cavity Resonances", Report 
No. COO-2180-3, Prepared for the U. S. Atomic Energy Commission under 
Contract No. AT(ll-l)-2180 with Brigham Young University, April 1974. 

(4) Andrew L. Gardner, Dorian M. Hatch, Austen I. Y. Chan and Robert P. 
Evans, "Measurements on a Spherical Electrostatic Confinement System 
Employing Six Ion Guns", A paper presented at the New York Academy of 
Sciences Conference on Electrostatic and Electromagnetic Confinement 
of Plasmas and the Phenomenology of Relativistic Electron Beams, March 
4, 1974, and issued as U. S. A.E.C. Report No. COO-2180-2 under Contract 
No. AT(11-1)-2180 with Brigham Young University. 
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detecting frequency shifts of 2 parts in 10° in the vicinity of 

10 GHz, which is equivalent to the detection of a uniform electron 

density of approximately 5 x 10° electrons/cm^. (If the same 

fractional frequency sensitivity is attainable for the fundamental 

mode of the cavity this will be equivalent to detection of a 

uniform electron density of less that 3 x 10 electrons/cm' at ^2 GHz.) 

(2) The observed electron densities were too low to permit the use 

of the shorter wavelengths that would be needed to detect radial 

variations of the electron density due to a shell structure. 

However, the measurements did reveal that the electron concen

tration was highest in the central region of the device. 

(3) Plots of frequency shift as a function of background pressure 

show that at least down to 0.4 millitorr (of deuterium) the effect 

of the background gas is dominant in producing the measured 

electron density, given a constant ion input. 

(4) The detection system is sufficiently sensitive that the electron 

density resulting from the use of a single ion beam can be meas

ured. This allows a comparison of the relative electron densities 

produced by the individual ion beams and provides a powerful 

diagnostic tool for achieving optimal alignment and focussing 

of the guns and also obtaining a balanced input from the six guns. 

VIII Program for Further Work 

With the use of shorter wavelengths precluded (because of their 

decreasing sensitivity) it appears best to abandon further attempts 

to sense the radial distribution of the electron density with the 

use of high-order modes of the resonant cavity. Once the decision 
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is made to forego spatial resolution one is led immediately to 

consideration of the use of the fundamental (TMi ■, n) mode which 

has the maximum inherent sensitivity to electron density. (For a 

given fractional frequency shift its sensitivity to electrons is 

higher by a factor of 20 than that of the TM4 ^ n mode.) With 

this increased sensitivity to electrons one is in a good position 

to look for cooperative effects that result from the simultaneous 

presence of the six ion beams; e.g., to measure the amount by which 

the response to the six simultaneous ion beams exceeds the sum of 

the responses to the six individual ion beams. 

When such measurements are being made it would be highly sig

nificant to determine also the overall extent of cooperative effects 

in the neutron yield. This would require that the neutron detection 

efficiency be increased substantially over that of the single BF3 

detector that is presently used but it is felt that this effort 

would be warranted so that the neutron measurements could be corre

lated with those of the electron density. 

The experimental program will entail: 

(1) Devising suitable methods for coupling to the fundamental mode. 

(The waveguide and iris previously used will be ineffective 

at this longer wavelength.) 

(2) Providing a neutron detection system with better solidangle 

coverage and substantially improved overall efficiency. 

(3) Making measurements of the cooperative enhancement of both 

electron density and neutron output. 

In the meantime a theoretical study of the operation of the 

device will be made which will recognize the effects of the background 

gas and the beam structure and sixfold symmetry of the device. 
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Present operation of the device in the continuously-pumped 

mode (which is essential for sensitive frequency-shift measure

ments) is limited by the present switch to potentials of about 

40 kV on the inner sphere. A larger (slower) switch could raise 

this limit but substantial increases would require another power 

supply (the present one is limited to 50 kV) and the use of oil 

or other means to prevent external arc-over at the feed-through 

insulator for the high-voltage input. These are changes that 

may be considered at a later time in order to get well within the 
(1) range of operation used by Hirsch. 

If the measurements now planned show encouraging results 

one should consider a system in which the inner sphere is elimin

ated and the ion guns are individually insulated and driven to 

high positive potentials. This would complicate the construction 

of the system in some ways but it would simplify some alignment 

problems and it would tremendously improve the diagnostic measure

ment capability since there would be only a single wall surround

ing the confinement region and that wall would be at ground potential. 

At such a time the use of a larger chamber with more ion guns 

should also be considered. 
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1972 

1973 

1974 

Sept-Oct 
Nov -Dec 
Jan -Apr 
May -July 

Aug 
Sept-Dec 
Jan -March 

10% 
25 
20 
50 
25 
40 
20 

Personnel 

The time devoted to the project by university personnel 

and students during the 20-month period Aug. 1, 1972 through 

March 31, 1974 was as follows: 

Andrew L. Gardner (Principal Investigator) Support 

BYU 
ii 

it 

AEC 
self 
BYU 

II 

(Expected time, Apr. thru June: 1/2 month - BYU support) 
Vern C. Rogers, Associate Professor 

1972 Sept-Dec 2% BYU 

Dorian M. Hatch, Assistant Professor 

1973 Sept-Dec 12-1/2 % BYU 

1974 Jan -March 12-1/2 " 

Gene A. Meeks, Vacuum Electronics Supervisor 

Total ending May, 1973 2 months BYU 

Thomas E. Bowman, Vacuum Electronics Supervisor 

Total starting May, 1973 3 months BYU 

Graduate Students - Extent of AEC support during the entire period: 

Austen I. Y. Chan 4-1/4 months 

Robert P. Evans 2-3/8 months 

Kenneth W. Struve 1 month 
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