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Inertial electrostatic confinement fusion provides a 
potential breakthrough in designing and implementing 
practical fusion power plants.

Dr. Robert Bussard Biography
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Fire, Fission, and Fusion
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Figure 1 — Fire
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Figure 2 — Fission

P

P

N

N

He4

[17.6 MeV]

P
N

H2

P N

N
H3

Deuterium

Tritium

N

Fusion
Figure 3 — Fusion
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Figure 4 — Aneutronic Fusion Example
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Fusion Reaction Cross-Sections

C
ro

ss
-S

ec
ti

o
n

 in
 M

ill
ib

ar
n

s

��

��

��

�







�� ���� 
 


Energy of Light Particle (p or D) in KeV

Particles Have Equal Momentum

�����

Figure 5 — Typical Fusion Reaction Cross Sections

(This radiation is caused by the acceleration of a charged 
particle, such as an electron, when deflected by another charged 
particle, such as an atomic nucleus.)

Motion of Charged Particles in a 
Magnetic Field



Without Magnetic Field With Magnetic Field

Motion of Charged Particles

Figure 6 — Motion of Charged Particles in Magnetic Field

Figure 7 — Lawrence Livermore Tandem Mirror Machine
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Figure 8 — Magnetic Confinement Examples



Figure 9 — ITER Conceptual Illustration - 2006

Fusion Can Be Done

Inertial Electrostatic Confinement 
(IEC) Fusion History
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Figure 10 — IXL vs. EXL Machine Geometry

(A deuterium atom is 3,600 times heavier 
then an electron.)



(The main losses occur through magnetic cusps to 
the wa s). 

� �
Plasma pressure

Magnetic field pressure
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Figure 11 — Wiffleball



Comparing Ion Acceleration with 
Electron Acceleration

(There are also considerable losses due to co isions with th  
grids.)

M & M IEF

Figure 12 — M&M vs. IEF
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Various Fusion Cross-Sections
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Figure 13 — Various Fusion Cross Sections

Polywell IEF Approach



Device Concept

Figure 14 — U.S. Patent 4,826,646 — Method and Appara-
tus for Controlling Charged Particles, granted May 2, 1989

Practical Engineering Concerns
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Figure 15 — Spark Breakdown Voltage



Figure 16 — HEPS, DARPA Experiment
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Figure 17 — WB-1 Experiment

B Ie E

WB-2

B E

Figure 18 — WB-2 Experiment
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Figure 19 — WB-2 Operating, November 1994

WB-3

Figure 20 — WB-3 Experiment
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Figure 21 — WB-4 Experiment
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Figure 22 — WB-4 Experiment in Tank

Figure 23 — WB-4 Experiment Operating

WB-5

Figure 24 — WB-5 Experiment



WB-6

Figure 25 — WB-6 Blueprint

B E

Figure 26 — WB-6 Experiment



Figure 27 — WB-6 in Vacuum Chamber
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Figure 28 — NPG Polyhedral Grid

PZLx-1



Figure 29 — PZLx-1 Experiment
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Figure 30 — PZLx-1 Experiment Inside Vacuum Tank

Figure 31 — PXL-1 Experiment

Laboratory Notes

Figure 32 — Lab, View of Vacuum Tank

Figure 33 — Lab, Bank of 12 Capacitors providing 400K-
joules at 15 Volts



Increasing Neutral Gas Density
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Figure 34 — Fwell vs. Density for HEPS and WB-5

Missing the Obvious

Figure 35 — Electrostatic Potential Lines

The Rise and Fall of WB-6



Closing the Lab



NO

EMC2 Accomplishments

Papers



Engineering Issues

Machine Scaling

Demonstration Costs and Activities



Commercial Power Plant

Reaction Result
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Figure 36 — IEF Power Plant Reactor

US Navy Power Plant
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Figure 37 — IEF US Navy Power Plant



World Energy Markets

Global Environmental Needs

Objective Environmental 
Problem

How Fusion Solves

Global Economic Stability — The End of Oil

IF



Metastatic materials have strange indexes of r -
action. Wi  this give us any hope in doing mag-

netic confinement?

What would it take to rebuild the WB-6?

What other information is available?

In steady-state, how do you actua y extract the e -
ergy om the helium atoms?

Other then engineering, what other cha enges r -
main?

You said that a lot of the people in this area are over 
70 years old. That seems like a problem.



Where are you looking for funding?

What about the possibility of using computer simu-
lations to advance some of the state of the art here?

What about financing?



(During the years that the U.S.Navy imposed an embargo o  
publishing EMC2 research, Dr. Bussard wrote 8 papers on how 
you could make space flight practical using fusion reactors.)

Has anyone else reproduced the results?

 (Professor Kiyoshi Yoshi-
kawa at the Institute of Advanced Energy at Kyoto Univer-
sity)

Why did you choose to publish where you did?
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