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The present invention relates to plasma heating and 
con?nement apparatus in which the plasma is con?ned by 
two substantially toroidal surfaces generated by the ?eld 
lines or“ a magnetic ?eld surrounding an annular electric 
conductor having radially inward directed current supply 
and mechanical support means. The apparatus also com 
prises means for generating an electric ?eld perpendicular 
to the magnetic ?eld so that the plasma is caused to rotate 
round the symmetry axis of the apparatus. 
The principal object of the invention is to enhance the 

plasma con?ning properties of the magnetic ?eld. 
Another object of the invention is to reduce the loss 

of plasma particles caused by their collisions with ma 
terial walls. 
A special object of the invention is to make it possible 

on the one hand to utilize essentially all of the volume be 
tween the two con?ning surfaces as a reaction space and, 
on the other hand, to prevent loss of plasma particles due 
to collisions with the energizing and supporting means of 
the annular conductor which means must necessarily pass 
through said volume. In other words, this special object 
of the invention is the creation of a zone free from plasma 
in the region surrounding the just-mentioned means. 

According to the principal characteristic of the inven 
tion the above—mentioned advantageous properties and 
features are attained by means of two electrodes each 
located in one of said substantially toroidal con?ning 
members or surfaces. 

It is known in the art relating to fusion reactors to make 
use of the combination of an electric ?eld which is per 
pendicular to a plasma-con?ning magnetic ?eld. Several 
different types of such reactors are known, e.g. one em 
bodiment of the so-called homopolar machine and the 
ixion. However, in these machines there is no annular 
current conductor. Instead, the magnetic ?eld is in the 
conventional manner generated by coils located outside 
the con?nement volume. However, in a “Report from 
University of California Radiation Laboratory,” No. 
8584, January 1959, page 14, FIGURE 6 (Anderson et 
al.) in “Peaceful Uses of Atomic Energy,” Geneva 1958, 
volume 32, page 127, and in Rev. Mod. Phys, 31 (1959), 
1045, I. M. Wilcox, there is described an apparatus hav 
ing a circular current loop the magnetic ?eld of which is 
utilized to de?ne the reaction Volume and having its 
plasma subjected to the in?uence of an electric ?eld di 
rected perpendicularly to the magnetic ?eld. The space 
within the torus is, however, in that previously known 
apparatus separated into an inner and an outer chamber 
due to the presence of a vertical partition. The current 
and voltage supply means intended to generate the mag 
netic and the electric ?elds, respectively, pass through the 
inner chamber meaning that the reaction volume proper 
is formed by the outer chamber only. Such an arrange 
ment does not only involve an incomplete utilization of 
the available space but, above all, it results in the most 
disadvantageous drawback that the difference between the 
radii for the starting point and the ?nal point of a par 
ticle cannot without considerable dii?culties be made very 
large since both of these radii naturally have to exceed 
the radius of curvature of the partition. The signi?cance 
of that fact will be shown below in connection with the 
explanation of the formulas relating to the particle move 
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ments. It will then become apparent that the presence 
of this partition has the necessary effect of creating an in 
ner region forbidden to the particles and that the presence 
of such a region results in such great particle losses that 
most likely the apparatus can only operate theoretically. 
According to the present invention it is, on the other hand, 
feasible to attain great differences between the two just 
mentioned radii. By way of example it can be mentioned 
that at a temperature of 5-106° K. and a particle density 
of 3- l022/m.3 the following power losses are obtained in 
the prior device and in the subject of the present inven 
tion, respectively: 2-1012 W./1n.2 and 140 W./m.2. These 
losses have been calculated per unit of the annular area 
in the equatorial plane between the electrodes, the ratio 
r(,/ r having been 1.15 and 3, respectively. 
The invention will now be described in greater detail 

with reference to the accompanying diagrammatical draw 
mg. 

Reference numeral 1 designates a pillar disposed along 
the symmetry axis of the apparatus and having a number 
of spokes 2 carrying the annular conductor 3. The spokes 
2 do on the one hand support the current loop and on the 
other they convey the current to and from said loop. 
Thus, these spokes constitute means extending inward 
from the annular conductor for supporting and for pass 
ing therethrough an electric current. The passage of cur 
rent through conductor 3 sets up a magnetic ?eld B. The 
electric ?eld E is formed between two electrodes 4 and 5 
positioned in the members previously mentioned as de?n 
mg between themselves the plasma reaction volume. As 
appears from the drawing, these electrodes are not com 
pletely closed but have openings through which the 
current supply and support members 2. pass. The elec 
trode 4 is the inner electrode. The electrode 5 is the 
outer electrode. For reasons which will become ap 
parent hereinafter, it is important that the maximum 
diameter of the outer electrode be considerably greater 
than the minimum diameter thereof, preferably twice as 
great. The rotational radius for an arbitrary particle in 
its starting point has been designated r0 and the corre 
spondmg value in an arbitrary point under consideration 
is marked r. The movements of the particles will be 
discussed below in relation to three coordinate directions, 
namely z passing through the symmetry axis of the appa 
ratus, r referring to the radius of rotation and gb related 
to the movement in a radial plane, i.e. a plane perpendicu 
lar to the z-axis. In particular we are later going to con 
sider situations in which r0 will indicate a point in the 
equatorial plane; i.e., the plane of the main conductor 3, 
at greater distances from the axis 2 than that of the con 
ductor 3. Further, conditions will have to be considered 
in WlllCh r indicates the radial distance from z, and the 
particle being in a corresponding point can reach a ma 
terial wall when it starts from 1'0 and moves along a mag 
netic ?eld line. 
Making here the permissible approximation that the 

rotational movement of the particle around the z-axis 
occurs with constant angular velocity it can be shown 
that the following general equation is valid for its move 
ment within a con?nement volume subjected to the in 
?uence of a magnetic and an electric ?eld: 

(1) 

The magnitudes and designations appearing in the 
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"above equation and hitherto not de?ned have the follow 
=ing signi?cances: 
“m=the particle mass 
q=the particle charge 
n=the angular velocity of the rotational movement 

around the z-axis 
¢=the electrical voltage 
A=the magnetic vector potential 
vo=the initial particle velocity 
vr, v, vz refer to the velocity components for the thermal 

particle movement in the corresponding coordinate di 
rections. Thus, 9 is assumed to be constant. 

In the special case here discussed when the two ?elds 
_ are perpendicular, 9397p as well as r0A,o—~rA,, will equal a 

zero for a particle which during its rotational movement 
passes along a magnetic line of force. Therefore the 
equation can be simpli?ed to: 

iém (vr2+ 1122) = %mv0”——}ém92 (r02- T2) 

The remaining terms in the right member have the 
following signi?cances: 
The ?rst term relates to the total thermal energy of the 

particle at its point of origin. 
The second term designates the centrifugal energy that 

must be overcome for a transport of the particle from 
r0 to r. g 

The ?rst term within the bracket corresponds to the 
original thermal energy in the zp-direction. 
The second term within the bracket arises from the 

magnetic ?eld and the third term is caused by the Coriolis 
force. 

It is now easier to analyze the equation for the pur 
pose of establishing under which conditions or within 
which portions of the con?ning volume, respectively, a 
particle can exist. 
As is realized at once, the left member of the equation 

can never be negative. Consequently, if it is desired to 
create a region forbidden to the plasma particles, it will 
suf?ce to ?nd out under which conditions the right hand 
side could be negative. As the ?rst term always is posi 
tive and as the expression within the bracket is raised to 
the second power, the second and third terms will al 
ways have a negative sign and counteract the ?rst one. 
The aim will consequently be to increase these two terms 
numerically. As the angular velocity is constant, an in 
crease of the second term can apparently be attained 
only if r0 can be made considerably greater than r. As 
already indicated above and as clearly appears from the 
drawing, this is conveniently attainable according to this 
invention. Naturally, the above statement concerning the 
ratio between the two radii is applicable also to the last 
term within the bracket. A forbidden region is accord 
ingly present when r0 exceeds r by such an amount that 
the second and third terms in the ‘right member are to 
gether numerically greater than the ?rst one. 
From the equation conclusions may also be drawn 

concerning the plasma con?nement. As long as a par 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

4 
ticle moves along a magnetic ?eld line the middle term 
in the bracket will equal zero. However, should the 
particle deviate from that path the last-mentioned term 
will differ from zero by an amount which increases with 
the intensity of the magnetic ?eld. It may thus be said 
that the particle is in?uenced by a force tending to main 
tain it centered in its rotational path along the ?eld line. 

It appears from the above description that the inven 
tion involves considerable advantages as to the plasma 
con?nement and particularly to a very high extent renders 
impossible a cooling down of the plasma due to collisions 
between the particles thereof and material Walls, in the 
?rst place the means for supplying current to the annu-_ 
lar conductor and for supporting it which must neces 
sarily pass through the space between the two’ toroidal ' 
surfaces defining the reaction volume. 

It should ?nally be pointed out that a gas in thermal 
equilibrium has a velocity spectrum containing a very 
small group of particles of very high initial velocities v@. 
It could for that reason occur that, as far as these par 
ticles are concerned, the ?rst term on the right hand side 
of equation 2‘ would still exceed the sum of the‘ two 
other terms on the same side. Those particles would 
then be able to penetrate into the region forbidden to the 
particles of smaller energy. However, as the members 
located there have a much lesser target surface than 
those that can be subjected to particle bombardment in 
the prior art devices of the same type, the total particle 
losses in a device designed in accordance with the present 
invention will still become much lesser. 
What is claimed is: 
1. A plasma-con?ning and -heating device, compris 

ing: an annular conductor for generating a magnetic ?eld 
adapted to con?ne plasma within a reaction volume de 
?ned by two substantially toroidal con?ning members 
each coinciding with a ?eld line generated in said mag 
netic ?eld; means extending inward from said annular 
conductor for supporting it and for passing therethrough 
the electric current necessary for the creation of said 
magnetic ?eld; means for generating an electric =?eld 
perpendicular to the magnetic ?eld, said last-mentioned 
means including inner and outer electrodes, each located 
in one of said toroidal members, and the maximum outer 
electrode diameter being considerably greater than the 
minimum diameter thereof. 

2. An arrangement according to claim 1 wherein the 
maximum outer electrode diameter is at least twice the 
minimum diameter thereof. 
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