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57 ABSTRACT 

The invention resides in apparatus for producing a highly con 
centrated electron beam. The electron beam producing ap 
paratus is arranged to collimate the beam, and the collimated 
beam passes into apparatus that produces a pinched discharge 
having a self-magnetic field. The pinched discharge pinches 
the already collimated electron beam, thus further concentrat 
ing the same. 

9 Claims, 8 Drawing Figures 
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APPARATUS FOR PRODUCING A HIGHLY 
CONCENTRATED BEAM OF ELECTRONS 

This application is a division of my prior copending applica 
tion, Ser. No. 597,392 filed Nov. 28, 1966, U.S. Pat. No. 
3,516,906 entitled “Production of Nuclear Reactions by 
Highly Concentrated Electron Beams,' and both the present 
application and its parent case are continuations-in-part of my 
prior copending application. Ser. No. 569,549 filed July 19, 
1966, entitled “Method of and Apparatus for Producing a 
Highly Concentrated Beam of Electrons," now U.S. Pat. No. 
3,510,713 granted May 5, 1970. 

DESCRIPTION OF THE INVENTION 

The present invention relates to apparatus for producing a 
concentrated electron beam, as, for example, suitable for use 
in producing heavy nuclear fusion in substantial quantities. 
My aforesaid prior U.S. Pat. No. 3,510,713, illustrates ap 
paratus for concentrating an electron beam by passing the 
same into a pinched discharge having a self-magnetic field. In 
the present application I employ means in connection with the 
production of the electron beam for collimating the electron 
beam and directing it into the pinched discharge so that the 
beam will be concentrated independently of the pinched 
discharge and so that the pinched discharge will provide 
further concentration of the electron beam. 
A main object of the invention is to provide a very highly 

concentrated electron beam. 
Another object of the invention is to provide an electron 

beam suitable for use in the production of heavy nuclear fu 
sion in substantial quantities. 
Another object of the invention is to produce a highly con 

centrated electron beam in combination with a heavy metal 
target so that a very rapid rise in temperature of a heavy metal 
may be achieved. 

In the aforesaid prior copending application, illustrated a 
device for producing a highly concentrated thin beam of elec 
trons which could be used to bombard a target. If the aforesaid 
beam is provided with sufficient energy and kept small enough 
it will upon striking the target, which may be, for example, a 
heavy metal, raise the temperature of such metal at a rate far 
faster then has heretofore been possible. If the rate of rise in 
temperature is great enough and the target is brought to a suf 
ficiently high temperature, the frequency of collisions is in 
creased, i.e., the rate at which target atoms collide forming a 
fusion product transiently. The probability of such a collision 
of atoms may be increased by placing the target metal in a 
jacket of lighter metal, for example, aluminum. Preferably the 
heavy metal should completely fill the jacket of the lighter 
metal and the lighter metal should be one through which the 
electron beam can readily penetrate so that the beam will dis 
sipate its energy rapidly in the heavy metal, thus causing an ex 
tremely rapid rise in temperature of the latter. Since the heavy 
metal is confined within the jacket of the lighter metal, the 
pressure within the jacket increases very rapidly as the tem 
perature rises, thus increasing the frequency at which atoms 
will collide to form the heavy fusion product mentioned 
above. This process will not initially destroy the jacket of 
lighter metal for that jacket will remain intact long enough to 
insure that the temperature and pressure is built up in the 
heavy metal to the desired values. 

After the fusion products have been created, as described 
above, they will come apart in a great variety of fragments 
some of which are elements that are higher in the periodic 
table than uranium; indeed, by this process, elements as high 
as 110 or even higher on the periodic table may be produced. 
The heavy metal need not be uranium but it could be any 
other well known heavy metal such as tungsten, molybdenum, 
tantalum, columbium, lead or bismuth. It may be in any shape 
such as a plane, slab, sphere, or cube. It need not be a pure 
metal but it may be a compound or alloy involving a heavy 
metal in combination with some other element. 
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2 
IN THE DRAWINGS 

FIG. 1 corresponds to FIG. 4 of my aforesaid prior copend 
ing application, Ser, No. 569,549 and illustrates apparatus 
which may be used in connection with this invention. 

FIG. 2 is a sectional view of an improved form of cathode 
for use in place of cathode 64 of FIG. 1. 
FIG.3 illustrates a modified form of cathode for use in place 

of the cathode 64 of FIG, 1. 
FIG. 4 is a further modified form of cathode for use in place 

of cathode 64 of FIG. 1. 
FIG. 5 is a still further modified form of cathode for use in 

place of the cathode 64 of FIG. 1. 
FIG. 6 illustrates a mass and its surrounding jacket for use as 

aforesaid. 
FIG. 7 is a still further form of cathode arrangement that 

may be employed. 
FIG. 8 illustrates still another cathode. The tube 71 replaces 

cathode 64 of FIG. 1, and is similar to the other cathodes 
shown above except that the output end 72 is flared outward 
as shown. 

FIG. 1 corresponds to FIG. 4 of my aforesaid prior copend 
ing application, Ser. No. 569,549. While it is understood that 
all of the disclosure of said prior copending application is in 
corporated herein by reference, nevertheless, in order to 
make this disclosure self-contained, I will give a brief descrip 
tion of the apparatus of FIG. 1 of this application. 

Inside of a tank 15 there are suspended two coaxial cylindri 
cal electrodes 16 and 17. The rounded caps on 16 and 17 are 
held much closer to each other at the gap 18 than the distance 
elsewhere between 16 and 17. 
At the other end of the inner electrode 17 is a high voltage 

electrode 19 which is supported on an insulated bushing 20. 
All of the tank except the inside of the bushing 20 is filled with 
an insulator such as oil, or other insulating fluid or gas. The in 
side of the bushing is evacuated to pressures less than one 
tenth micron by means of suitable vacuum pumps. 
The intermediate electrode 16 is charged to a high voltage 

through a wire connected at 22 which extends through bush 
ing 23 in the wall 15. This wire is connected to a source of high 
voltage shown in the lower part of FIG. 1 and may be con 
structed in any of many ways familiar to those skilled in the 
art. 

in FIG. 1, a power supply 33, is used for charging a con 
denser 34, through a resistor 35. The condenser is connected 
through an inductance 36, and a transformer 43, to a triggered 
gap or thyratron or other high-voltage valve 37. The device at 
37 is triggered by closing the switch 38, which connects the 
high voltage from the power supply 39a, to the transformer 
40. This applies a potential to the target 8 of the pinch tube 39 
for the purpose described in the next paragraph. 
The magnitude of the inductance 36 is selected to slow 

down the discharge in the pinch tube 39, enough to produce 
ionization throughout the tube but not to pinch down the 
discharge within less than about 10 to 100 microseconds if at 
all. This is called a preionization and assists in readying the 
conditions inside of the pinch tube 39, so that when the con 
denser 44 is connected across the tube, a well-formed pinch 
will form promptly, i.e., within less than about 5 
microseconds. 
The power supply 45 charges the condenser 44 through the 

resistor 46. The condenser is connected to the triggered gap or 
other valve 47, to apply high voltage in a steeper pulse which 
causes the gas in 39 to ionize and pinch down to a pinched 
discharge 40a. 
The transformer 43 has two secondary windings 48, and 49. 

The output from winding 48 is connected through a delay line 
50 to the amplifier 52, which is connected to the triggering 
device 47. The other winding 49, is connected through a delay 
line 51, to an amplifier 53, which is connected to the trigger 
ing device 28, which fires the high-energy machine. 
The delay in either 50, or 51, is set so that the high-energy 

electron pulse from cathode 64 is produced just before the 
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pinched discharge at 4.0a has drawn down to its minimum 
diameter. For most dimensions of the parts of the machines 
and values of the electrical constants in the various parts of 
the complete equipment, the delay in the delay line 51 should 
be set at zero or this delay line should be removed and the 
delay in delay line 50 should be set at some value less than 
about 10 microseconds. 
The direct current supply 24 of potential of the order of 

50,000 or more volts charges a bank of condensers 25, 25a, 
etc., in parallel through high resistances 26 and 27 which are 
preferably more than 1,000 ohms each. 

In the figure there are only four condensers, 25, 25a, etc., 
shown together with their associate spark gaps 29, 31, 32, etc., 
and resistors 26, 27, etc. In actual practice more condensers 
with associated components must be used, for most applica 
tions numbering between 20 and 200 such stages. In the fol 
lowing description it should be understood that a larger 
number of stages than shown in the figure are to be used. 
Shown at 28 is a triggering device which is a spark gap in 

which the outer one of the electrodes has a hole in it along the 
axis of the two electrodes. Inside of the hole is held a wire, the 
end of which at 29 is near the opening towards the other elec 
trode. This wire is insulated so that when a high voltage is sud 
denly applied to it through a wire 30, a small spark will jump 
from the end of 29 to the surrounding outer electrode. This 
causes a sparkover of the gap and suddenly connects the high 
voltage end of the first condenser 25 to the low-voltage end of 
the second condenser 25a and applies a voltage across the 
next spark gap at 31 which is much greater than the break 
down voltage of that gap. This overvolts the next spark gap at 
32 even more and so on, sparking over the next of the spark 
gaps and suddenly connects all of the condensers 25, 25a, etc., 
in series, applying the total voltage to the intermediate elec 
trode 16. Instead of the triggered gap described above, a 
thyratron or any of the high-voltage valves familiar in the art 
may be used. 
When the electrode 16 attains a sufficiently high charge by 

reason of the condensers 25, 25a, etc., being connected 
thereto, the high-voltage discharges across the gap 18 to the 
tube 17, thus resulting in a discharge from the high-voltage 
electrode 19, establishing a concentrated beam of electrons 
which is projected along the axis of the tube 39, first passing 
through the diaphragm 70 which is sufficiently thin as to allow 
the electrons to pass therethrough but yet sufficiently thick to 
maintain the required vacuum. 
Coordinated with this discharge, another discharge is 

caused to occur between the electrode 8 and the grounded 
electrode 7 through gas in the tube 39 which is held at a pres 
sure of the order of 0.05 to 10 Torr. This latter discharge 
which will be referred to as the pinch pinches to a pinched 
discharge 4.0a in the middle of tube 39. The values of com 
ponents 33-39a, 33, 43-53 are so selected as to properly coor 
dinate the two discharges. The coordination just referred to is 
mainly achieved by proper selection of delay lines 50 and 51 
as explained above. Thus, the first thing to occur is the 
preliminary ionization in tube 39 due to triggering valve 37. 
The next events are the discharge and the final ionization in 
tube 39 due to triggering of valve 47 so that the pinch at 40a 
has drawn down to its optimum at the time of discharge from 
cathode 64. 
As the high-voltage electrons enter the pinch, they comprise 

an increasing electron current and this induces electric fields 
which tend to produce electron currents in the opposite 
direction in the vicinity of the high-voltage beam. The com 
ponent of velocity in the reverse direction given to the pinch 
electrons by the induced electric fields produces a force upon 
these pinch electrons which is radially outwards due to the in 
teraction of that velocity component with the self-magnetic 
field of the injected high-voltage electron beam. I have 
described this pinch effect in Physical Review, vol. 90, p. 398, 
1953, in a paper entitled "Magnetically Self-Focusing 
Discharges." 
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4. 
The displacement of pinch electrons radially outwards al 

lows the self-magnetic field of the high-voltage beam to pinch 
that high-voltage beam down further and to make this beam 
deliver energy upon the target electrode 8, a very much 
greater concentration of power than would have been possible 
with the divergent beam that would have occurred if the pinch 
had not been used. 
The self-magnetic field of the pinch also acts as a guide to 

deliver the concentrated high-voltage beam to the target at the 
middle of the end of the pinch which is at the target electrode 
8. 

In the production of very intense pulsed beams of electrons 
at relativistic energies it is generally found that the electrons 
spread out violently from the field emitting cathode. It would 
be much better for many applications if the electrons could be 
made to emerge along a smaller diameter beam and in a better 
collimated form. There are several ways in which to accom 
plish this by redesigning the form of the cathode as follows. 
One form of cathode is shown in FIG. 2. This cathode has a 

concave face 80 supported on a shaft 81. As shown, the angle 
A should preferably be between 15 and 90° and angle B, 
which of course, is less than A, should be between 0 and 75. 
Another form is shown in FIG. 3 in which a hollow tube 101 

contains an oxide 104 or other material which improves the 
electron emissivity on the inside of the end of the hollow tubu 
lar cathode 101. One source of such material would be a small 
diameter getter-type tube 103 (containing getter material 
102) whose end is open and consequently oxidized. Another 
arrangement would be to directly apply the emissive material 
on the inside of the hollow tubular cathode 101. 
The use of a getter provides barium or barium oxide which 

lowers the work function of the adjacent surfaces and hence 
enhances both the field emission and also the secondary elec 
tronic emission. In the instances where the getter material (or 
other oxides) is put on the inner surface of the hollow tube, 
the secondary emission is enhanced due to the high soft radia 
tion density characteristic of a hollow cathode. Tapering the 
tube as shown in FIG. 3 protects the emissive inner surface 
from direct ion bombardment. However, the advantages 
gained from this protection are usually not enough to offset 
the advantages gained from the high-electron emissivity over a 
larger face on the larger cathodes like 69 in FIGS. 7 and 8. 
Another form is illustrated in FIG, 4 in which a metal-wire 

or getter-type tube 110 is directly connected to the high-volt 
age source and surrounding it is a hollow tubular cathode 1 11 
which is held insulated from the center conductor by glass tub 
ing 112 or other insulator. The outer tube 111 protrudes 
beyond the end of the center conductor 110 so that when the 
high voltage is applied across the gap in the machine there is 
an arc-over from the center conductor to the surrounding tube 
which produces an electron-emitting condition on the inside 
of the end of the protruding tube. 

Still another form as illustrated in FIG. 5 in which a hollow 
tubular cathode 113 is surrounded only by a piece of glass 114 
tubing or other insulator. Another form is illustrated in FIG. 8, 
in which a hollow tube is flared outward, in analogy to the 
well-known hollow cathode used in gaseous discharge work. 
The electron emission from the inner surface is enhanced by 
the fact that radiation from ion impact on the cathode surface 
is almost entirely intercepted by other parts of the inner sur 
face impact on the cathode surface is almost entirely inter 
cepted by other parts of the inner surface of the hollow 
cathode and the flaring enhances the interception of both ions 
and radiation from the anode. 

It is understood that in the case of each of FIGS. 2 to 5, in 
clusive, that the cathode shown is to replace the cathode 64 of 
FIG. 1, and the discharge end (in each case the upper end as 
the cathodes appear in the drawings) is pointing toward target 
8. 

The particular sizes, shapes, and forms of these and similar 
arrangements will vary in accordance with the materials used 
and also with the gap length in the high-voltage machine but 
the desirable feature is the production of the electron-emissive 
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conditions at central positions in or on the cathode so that the 
emission is caused to move in a comparatively well collimated 
beam rather than diverging violently in all directions from the 
end of the cathode. 

In FIG. 7 is shown a cathode 69 facing an anode 62 which 
consists of a thin sheet of metal, Beyond this sheet of metal is a 
glass tube 63 within which a linear pinch discharge is 
produced along the channel 64a. In the previous disclosures a 
thin sheet 7 separated the high-vacuum high-voltage region 
(inside 20) from the pinch discharge region 4.0a in which the 
gas pressure is in the order of 10 to 100 microns. 

In FIG. 7 the thin sheet 62 has a very small aperture in it at 
the position 67 so that when the pinch discharge is formed in 
the tube 63 by applying a voltage between 62 and the pinch 
anode 68 there are some positive ions which pass through the 
aperture and move toward the cathode 69. The cathode 69 
has a support 61. The cathode 69 is made with a slightly con 
cave face whose curvature centers on the aperture approxi 
mately. 

In FIG. 7 the positive ions are moving at low density from 67 
towards 69 at the time that the cathode 69 has applied to it a 
negative potential of more than 1,000,000 volts relative to the 
anode 62. This causes the positive ions to accelerate rapidly 
towards the cathode face at 69 producing very high-voltage 
cathode rays from the face which are aimed towards the mid 
dle of the ionized channel 40a. 
The presence of positive ions between 69 and 67 has the ad 

ditional advantage of providing a positive space charge which 
neutralizes the space charge of the very great currents of elec 
trons emerging from 69. 
The cathode 69 does not have to be in the form of a concave 

face but can have the form of a wire end, or a dull cylinder end 
or a small sphere or any other shape in order to attain the ad 
vantage of space charge neutralization or production of steady 
cathode-ray emission. A preferred form is as shown in the 
figure. 

In FIG. 7 the distance between cathode 69 and anode 67 
should be greater than that at which field currents from 69 
would be produced at high currents in the absence of the posi 
tive ions coming through the aperture at 67, in order that the 
emission from 69 will be cathode ray emission rather than high 
vacuum field emission. In this case if the linear pinch 
discharge fails to fire in the tube 63, no damage is done in the 
X-ray tube. 

In order to practice one form of the invention (see FIG. 6) 
hereinafter claimed, a heavy metal, such as one of those 
hereinabove mentioned, is located at 120 covered by a plate 
121 of a light metal, the plate being mounted on the electrode 
8. The apparatus is constructed and arranged to produce an 
electron beam in the pinched discharge 40a having a 
relativistic energy on the order of at least one-half million 
electron volts and preferably of the order of 10,000,000 elec 
tron volts and with the beam within the pinched discharge 40a 
confined to the smallest practicable cross section. As a result 
the beam readily penetrates the light metal 121 and dissipates 
energy very rapidly in the heavy metal 120, increasing the 
temperature of the latter at an extremely rapid rate. The rate 
of increase in temperature is greater than in connection with a 
subterranean nuclear explosion, and since the heavy metal 
120 is confined by the lighter metal 121, at least for a limited 
period of time, the pressure developed is very great, thereby 
causing two or more atoms of the metal 120 to collide, form 
ing a fusion product of two or more times the atomic mass of 
one aton. 

In this process nuclei of substantial quantities of heavy ele 
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6 
ments are fused, or if the mass 120 includes more than one 
element, the fusion of the heavy metal is with a selected 
amount of lighter metal of a chosen kind. The redistribution is 
an entirely different distribution from that in the initial materi 
al. This results in substantial yields of fragments of fusion 
products which are produced in only negligible quantity, if at 
all, by other methods. 
The temperature of heavy metal 120 may be increased to an 

ultimate value of the order of 1,000,000,000, or higher in a 
period of time of 0.1 microsecond. 
The pinched radius of the beam within the pinched 

discharge 4.0a should preferably be of the order of 0.1 millime 
ter or less, and the intensity of the beam should be 10 watts 
for 10 seconds delivering energy of the order of 10 joules. 
The heavy metal 120 may itself be the end plate 8. Alterna 

tively, the heavy metal 120 may be enclosed with a cover of 
the lighter metal 121. - - 
A "pinched discharge" is defined as a discharge through an 

ionized gas which sets up a self-magnetic field around the 
discharge which places an inward force on the discharge 
thereby reducing the cross section of the discharge. 

I claim to have invented: 
1. Electron beam apparatus comprising beam concentrating 

means for producing a pinched discharge having a self-mag 
netic field, and means for producing an electron beam in 
alignment with said pinched discharge so that the said self 
magnetic field will concentrate the beam, said last-named 
means including means for collimating the electron beam and 
directing it into the pinched discharge. 

2. Electron beam apparatus as defined in claim 1 in which 
said last-named means comprises an anode in the form of a 
thin diaphragm having an aperture aligned with the pinched 
discharge. 

3. Electron beam apparatus as defined in claim 1 in which 
said last-named means comprises a means for collimating the 
beam including a cathode which has an electrically floating 
discharge element and means for providing arc-over to an in 
side portion of the floating discharge element. 

4. Electron discharge apparatus as defined in claim 1 in 
which said last-named means comprises a cathode having a 
concave discharge face. 

5. Electron discharge apparatus as defined in claim 1 in 
which said last-named means is a tube the cross section of 
which decreases as it approaches the discharge end. 

6. Electron discharge apparatus as defined in claim 1 in 
which said last-named means is a tube of conductive material 
partially surrounded by a tube of insulating material which 
latter tube projects beyond the discharge end of the first 
named tube. 

7. Electron discharge apparatus as defined in claim 1 in 
which said last-named means comprises a tube of conducting 
material the discharge end of which is enlarged. 

8. Electron discharge apparatus as defined in claim 1 in 
which the last-named means comprises a thin anode 
diaphragm defining an aperture aligned with the pinched 
discharge and cathode means for supplying electrons that pass 
through said anode to said pinched discharge and which are 
pinched thereby. 

9. Electron discharge apparatus as defined in claim 1, hav 
ing in addition a target for the pinched electron beam, said tar 
get comprising material of one atomic number together with 
material of a lower atomic number contiguous with the first 
named material and in the path of the electron beam which 
passes to the first-named material. 


