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A Penning trap was previously explored as a potential fusion reactor.1 We are studying 

by theory, simulation, and experiments whether a useful fusion output can be produced in a small 

(1 cm radius) permanent magnet spherical Penning trap. Following the previous work, 1 we have 

observed a sharp focus of electrons at the spherical center when the applied voltage is adjusted to 

a magnetic field dependent value.  This focus forms a virtual cathode which can confine ions, 

and if the applied voltage is high enough, these ions may achieve a thermonuclear temperature, 

leading to controlled fusion reactions with fractional energy gain. 

 

A theoretical picture of such a system has been presented.  It was shown that maintaining 

a throughput of electrons by injection and collection near the cylindrical center of the end 

cathodes can lead to a steady state with strong spherical convergence.  Very low power is 

required to maintain such a state because electrons are sourced and collected at very low energy 

compared with the total well depth of the system.  Additional theory arguments show that major 

instabilities (such as two-stream) are avoided provided that not too much of the space charge is 

neutralized by trapped ions and similar arguments also show that low frequency ion/electron 

instabilities are absent.  Further, a moderate neutralization fraction leads to a reasonable ion 

density and temperature such that fusion output is expected. 

 

A small experiment has been constructed to access these physics.  A 1 cm radius titanium 

trap with hyperbolic electrodes is placed inside a permanent magnet system.  The magnet system 

is engineered to produce a uniform (nonuniformity less than 10-3 over spherical volume) 

magnetic field and the field strength can be varied from several hundred Gauss to nearly 2 kG by 

adding additional permanent magnets.  Axial holes in the two end cap cathodes allow injection of 

electrons which are produced by a hairpin tungsten filament.  The entire assembly is placed 

inside a room temperature vacuum chamber which is capable of a base pressure below 10-7 Torr. 

 

In scans of anode voltage, we observed the spherical focus at the resonant point predicted 

for the measured magnetic field by measuring the anode current.  Efforts to reach fusion relevant 

potentials have been hampered by high voltage discharge in the trap.  A variety of methods 

examined to improve insulation and suppress secondary electron production in the trap have not 

solved the discharge problem. Initial efforts using pulsed anode voltage demonstrated the ability 

to operate at higher pressures and voltages without discharge.  Apparently, a considerable time is 

required to initiate a discharge in this crossed-field system than without magnetic insulation. 

These studies are presently limited by our use of an available 20 kV Behlke push-pull high 

voltage switch.  Efforts to operate at fusion relevant potentials await acquisition of a higher 

voltage switch. 
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