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Most fusion reactor designs involve the conlinerncnt o i  plasmas by magnetic ficlds. We show rhat electric fields 
may also hc useid ~n fuamu energy devices. 
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I. Introduction 

Most fusion reactor designs have involved either magnetic or inertial confinement forces'. It 
has often been assumed that electric fields could only contain one component of a plasma: 
ions or electrons2. Lavrentyev3 and Farnsnorth4 have shown, however, that a spherical 
system of alternating electric fields makes possible the simultaneous confinement o l  both 
ions and electrons (fig. la). 

In the absence of loss to electrodes the confinement time of such a device would bc5 

where 2 ,  is thc electron scattering time, c the electronic charge, and AV the height of the 
potential barrier confining a plasma of temperature T. = T, = T. 

Since for Coulomb collisions 

T3f2 
7, % 2 x 1o4-- (2) 

n 

we can write: 

eAV eAV 
nz=2 x 104T"ZTexpT (3) 

noting the absence of dependence on device size. For a fusion reactor we require 
nz> 10'4cm-3s and T >  104eV and find that e A V / T - 7 .  As originally envisioned an 
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FIG. i. (a) Plasma potential as a functmn of plasma radlus. 
(b) Electrostatic confinement device w t h  electrode b~as  
voltages V, and V,. 

'electrostatic confinement device' might consist of a set of three concentric spherical 
electrodes (grids)3 (fig. Ib). 

Such a device suffers from grid bombardment heating as well as plasma loss to  the 
electrodes7. To reduce these losses, Lavrentyev suggested that the grids be fabricated from 
numerous current-carrying wires surrounding themselves with insulating magnetic field 
layers" Thcse new machines were variously called 'electromagnetic' or 'Lavrentyev' traps. 

On the other hand, Farnsworth stuck with a magnetic field-free system but suggested that 
one or more of the metal grids be replaced by space-charge layers4. This is not expressly 
prohibited by Earnshaw's theorem (which only applies in regions containing zero charge 
density9) but neither has the resulting 'inertial-elcctrostatic confinement' system proven 
especially effective in actual experiments. 

By constraining the potential structure from three down to one dimensional (by use of an 
axial magnetic field) this system has evolved into the 'Tandem mirror' concept as proposed 
by Dimov". The magnetic mirroring forces can then anchor the space charge so as to 
enforce the potential profile required in fig. la. 

More recently, Jones" has proposed 'magnetoelectrostatic confinement', a systcm in 
which the Lavrentyev electrodes are replaced by swarms of charged particles ('space charge' 
again) guided by, and anchored on to, magnetic flux tubes. One might imagine, for instance, 
that the grids of fig. I b had been replaced by azimuthal magnetic field lines loaded with ions 
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or electrons. In practice, toroidal systems are envisi~ned'~ containing good magnetic 
surfaces flooded with non-neutral plasma. The magnetically insulated toroidal space-charge 
layers then establish a radial potential profile like that of fig. la. This profile, in turn, 
confines a hot (roughly charge neutral) fusioning toroidal plasma core. 

It is actually quite easy to establish such non-monotonically varying radial potential 
profiles even in closed magnetic geometries (at least transiently). Neutral plasma can be 
formed as the toroidal field is ramping up. This can be followed by the injection of a non- 
neutral plasma near the periphery and a further increase in the toroidal field. After 
additional magnetic compression, a neutral plasma layer can be added near the wall. 

Equation 1 was derived on the basis of electrostatic confinement alone. Various authors 
have considered the more complicated problem of plasma transport across a magnetic field 
in the presence of an electric field. Stix predictsi3 that the crossfield drift velocity will be 

so the confinement time will scale as 

where D, is the crossfield diffusion coeflicient for ordinary magnetic confinement, r the 
plasma radius, and we have assumed 7: = T, = T. 

On the other hand, Hershkowitz et a l l4  and Zhilinskii and Tsendin15 have employed 
equations which amount to the scaling law: 

In either case, reasonable values of eAV/T result in orders of magnitude improvement in 
confinement. 

Clark et all6 have considered the use of an electrostatic field to contain energetic alpha 
particles in a Tokamak. They calculate the line density of excess charge needed to generate 
an electric field 

For our value eAl/'/Tw5-10, E = a  few Avr  and N b -  10IZcm-'. The excess charge 
density is only = 108cm-' which is very small compared with typical core plasma densities 
n-  1014cm-3. Such magnetised (space charge) virtual electrodes will disperse due to 
diffusion and electrostatic repulsion according to 

ne ne AV 
T=D,Vn+D,-VV=D,--- .  

T r T  (8) 
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The layer wrll ihus diffuse - eAViT times faster than a magnetically confined plasma. 
The particle and energy investment are small, however, and injection might be used to 
sustain the layers. 

Various means for injecting net charge into a magnetiscd plasma havc been discussed by 
Jones" and Miley et al'5 Successful preliminary experiments have been conducted by 
JonesL2. It might also be possible to reduce D, for the virtual electrodes by assembling the 
non-neutral space charge from superthermal (energetic) particle strcams. Classicaliy, the 
coulomb collision frequency of such superthermal particles would be much reduced, leading 
to a decrease in D,. 
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