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APPARATUS FOR GENERATING FUSION
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assignors to Imternmational Telephome and Telegraph
Corporation, Nutley, N.J., a corporation of Delaware
Filed Apr. 24, 1968, Ser. No, 723,825

Int. Cl. G21b
U.s. Cl 176—1 9 Claims

ABSTRACT OF THE DISCLOSURE

A generally spherical or cylindrical anode has concen-
trically positioned therein an ion-source grid and a cath-
ode, both generally spherical or cylindrical and perme-
able to charged particle flow. The grid is interposed be-
tween the anode and cathode, and the cathode is hollow,
defining a volume centrally located with respect to all
three of the anode, grid and cathode electrodes. This
volume is free of tangible structure. A fusion-reacting
gas is contained within the volume. A voltage is applied
to the three electrodes for establishing a first electric field
in the space between the anode and grid and a second
electric field in the space between the grid and the cath-
ode. The ion-source grid is at a positive potential with
respect to both the anode and cathode. The second elec-
tric field is of sufficient magnitude to impart fusion-re-
acting energies to particles of positive charge introduced
into the second space. A thermionic cathode is positioned
in the first space between the anode and grid.

BACKGROUND OF THE INVENTION
Field of the invention

This invention relates to apparatus for generating fu-
sion reactions, and more particularly to apparatus for pro-
ducing controlled nuclear-fusion reactions with facility
and reliability.

Description of the prior art

In Farnsworth Pat. No. 3,258,402, issued June 28, 1966,
as well as Farnsworth Pat. No. 3,386,883, issued June
4, 1968 on application Ser. No. 549,849, filed May 13,
1966, there are disclosed methods and apparatuses of
the character with which the present invention is con-
cerned, capable of producing continuous fusion reactions.
Generally speaking, the apparatuses of these prior pat-
ents utilize a spherical geometry in which two generally
spherical electrodes, one a cathode and the other an
anode, are concentrically positioned with one inside the
other. The cathode is electron-emissive in one embodi-
ment of the aforesaid patents and is concentrically sur-
rounded by a shell-like anode. The cathode is permeable
to the flow of ions, while the anode is not. In operation,
an electrical discharge, composed of high-order magni-
tude electron and ion currents in the space enveloped by
the cathode, produces a radial potential distribution which,
generally speaking, is a minimum adjacent to the center
of the cathode cavity and a maximum outwardly there-
from, the location of one such maximum being adjacent
to the anode wall. Developed at a finite radius interme-
diate the center and the cathode wall is a “virtual anode”
in the form of a spherical sheath. The potential of this
virtual anode is essentially equal to that of the structural
anode, thereby resulting in the entrapment of ions within
the virtual anode sheath. By reason of electron emission
from the cathode, the potential minimum is formed at
the center, which results in the trapped ions oscillating
through the center. With a sufficiently high difference of
potential between the virtual anode and the center, the
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trapped ions will be propelled at nuclear-reacting ener-
gies, so that jon collisions occurring at the center produce
nuclear-fusion reactions.

The ions of the bipolar charges which are utilized for
generating the aforesaid virtual electrodes as well as the
fusion reactions, in the apparatus of the aforesaid Farns-
worth Pat. No. 3,258,402, are obtained in one instance
by ionizing neutral gas introduced directly into the anode
itself and in another instance by means of ion guns lo-
cated on the outermost of the anode and cathode, these
ion guns each producing a pencil-like, solid, cross-section
beam which is aimed at the center of the device. In Farns-
worth Pat, No. 3,386,883, application Ser. No. 549,849,
mentioned hereinbefore, the source of the ions is gener-
ally confined to ion guns mounted on the exterior of the
anode having a cathode thereinside. These ion guns also
produce beams of concentrated, pencil-like configuration
of solid cross-section.

Experimental evidence has shown that the more nearly
radial the ion motions, the more efficient will be the utiliz-
ation of the jons in producing fusion reactions. Ions not
so reacting will represent a power loss. It has been found
that space charge spreading in the pencil ion-beams men-
tioned hereinbefore produces a significant number of non-
radial ions, thereby resulting in less than maximum utiliz-
ation of the total number of injected ions and a reduc-
tion in ion-trapping efficiency.

SUMMARY OF THE INVENTION

In accordance with the broader aspects of this inven-
tion, there is provided an apparatus (sometimes referred
to as a “fusor”) for generating fusion reactions in which
a spherical or cylindrical anode concentrically envelopes
correspondingly shaped cathode and ion-source grid elec-
trodes. The cathode encloses a volume free of tangible
structure and centrally located with respect to the other
electrodes. Both the cathode and ion-source grid are
permeable to the flow of gas, including positively charged
particles. The ion-source grid is interposed between and
spaced from the anode and cathode. Means are provided
for applying potentials to the three electrodes which es-
tablishes a first electric field in the space between the
anode and ion-source grid and a second electric field in
the space between the grid and the cathode. These poten-
tials are so applied that the ion-source grid is positive
with respect to the anode. Also, the potentials applied
are such that the second electric field is of sufficient mag-
nitude to impart fusion-reacting energies to particles of
positive charge introduced into the second space.

A sheath or shell-like cloud of electrons is caused to
shroud the ion-source grid, this cloud being developed pri-
marily by means of a thermionic cathode disposed in the
space between the anode and the ion-source grid. Elec-
trons from this thermionic cathode oscillate through the
openings in the ion-source grid, thereby contributing to
the formation of the aforesaid cloud, such that collisions
of cloud electrons with neutral gas become imminent, re-
sulting in the formation of ions inside the ion-source grid
which are propelled toward the centrally located cath-
ode by reason of the potential difference. These ions are
essentially focused toward the center of the volume in-
side the cathode and interact via their space charge such
that definite probability obtains for the collision of such
ions at the center.

OBIJECTS OF THE INVENTION

It is an object of this invention to provide apparatus
for generating fusion reactions in which ions may be cre-
ated in a substantially circular pattern of common radius
about a center therewithin such that ion streams cross-
ing at the center emanate substantially from all points
on the circular pattern.



