Nuclear fusion and Robert W. Bussard

Robert W. Bussard may have recently created knaelddiat could lead to a rapid
(15 years) development and deployment of largeesa@ihmercial generation of
electricity by nuclear fusion. A safe and econornweay of producing electrical
energy from nuclear fusion would mitigate two ofanity's fateful dilemmas: the
approaching rapid decline of oil and natural gasl, the need to eliminate the
production of atmospheric greenhouse gases by hawctanty. Inexpensive fusion
energy would eliminate any need for energy fronsildsels or nuclear fission.
Nuclear fusion, unlike nuclear fission, producea@dt no waste products, and
produces no long lived radioactive waste at all.

The universe is powered by nuclear fusion in stasclear fusion is the process by
which two nuclei of atoms of lighter elements atgliat very high speeds and
combine to form a nucleus of an atom of a heav@ment. Fusion requires extremely
high temperatures, millions of degrees. (Tempeeatia measure of the speed of
atoms and other particles.) Continuing fusion tieas in a given volume require
very hot matter -- fusionable nuclei -- to be caoefi in the volume as long as fusion
reactions are to continue in it. In stars, graeiyfines the reacting matter. Mutual
gravitational attraction of the particles of tharsacts on each particle with a resultant
force pulling it toward the centre of the star.eTdravitational force of the star is so
great that the fast-moving particles in the fugieaction at the centre of the star
cannot escape from the star or blow it apart. Gyaannot contain fusion reactions
on Earth, because the force of gravity is too wiadtodies smaller than stars.

Producing useful energy from fusion on Earth prestiwee main problems:
containing matter heated to millions of degreesuch a way that the necessarily cold
container does not inhibit the hot fusion reactieeping the fusion reaction from
destroying the container, and getting the desirenigy of the reaction out of the
container. The only means of confining a fusieaction on Earth are inertia, electric
fields, and magnetic fields. Inertial confinementised in hydrogen bombs, and in at
least one proposal for peaceful fusion. But carhent by electric and magnetic
fields has long seemed more promising for peacefalear fusion. Robert W.
Bussard's contribution to fusion research is aqdar confinement method that uses
both electric and magnetic fields. His secret wawking the 12 years to 2006 on a
contract for the U.S. Defense Department has detraded that his confinement
technique can create fusion. He claims that thigkwas also indicated that his tiny
experimental reactors can be scaled up to prodildg scale electricity generators.

Bussard's company, Energy Matter Conversion Cotjoorl1 people, logo: EME
worked in secret for 12 years until October 200&d»ARPA contract, mainly for

the US Navy, on experimental confirmation of a aoefhent method for a nuclear
fusion power reactor. The confinement method waslo$ed before this period of
secret work by Bussard's 1989 patéi, patent 4826646, Method and Apparatus for
Controlling Charged ParticlesThe operation of a fusion power reactor based on




Bussard's confinement method is described verylgleathe patent document. This
1989 patent describes the configurations and giesiinvolved in the subsequent
secret work. The patent may be understood with eheany knowledge of electricity
and magnetism, elementary knowledge of atomic &tre@nd ionization, and an
elementary understanding of the basic facts ofeardusion. The description below
provides an extremely brief précis of the patemt Bnssard's recent paper.

The secrecy of the recent work seems not to hadteel from concern for national
security, but from concern about the politics ofding. Bussard's project was run as
a skunk works on tiny funding from the US Defensk/&nced Research Projects
Agency ( DARPA). DARPA is not supposed to haveossibility for fusion, and it
was thought by the DARPA contract officer that kiedge of the work by heavily
funded competing projects would result in cancieltabf the work. Bussard describes
the funding politics in his talk (which was othes&imainly technical) at Google
Corporation in November 2006ideg, transcrip}. In any event, all of the work is
now available, presumably subject to the commeiatatests of EME& Bussard has
published a paper on the secret wofkhe advent of clean nuclear fusion’in
October 2006 at the International Astronautical @ess in Valencia, Spain.

(Skip the following three paragraphs if you are imtérested in technical details.)

The Bussard confinement structure uses a pseudaisghmagnetic field to confine
a sphere of very energetic electron gas at theeehthe generally spherical
containment structure. The whole containment stineds evacuated, containing only
a good vacuum, the electrons, the reacting nutleireaction products, some
electromagnets, one or more electron guns, anduaa for each reacting element.
The reaction products are removed from the contamrstructure continuously.

The confining magnetic field is produced by a nundfedoughnut shaped
electromagnets inside the vacuum of the contaisingture. Each doughnut-shaped
magnet is disposed on the face of a notional palggrehaving an even number of
faces surrounding each vertex, e.g. an octahedifanstructures that encase and
support the electromagnets must be conformal tghlape of the magnetic field
produced by the magnet so that lines of force efntlagnetic field do not intersect the
supporting structures. For example, a magnet tloatyces a doughnut-shaped field
must be enclosed by a doughnut shaped supportmabaets must not touch each
other, because there must be sufficient room betweemagnets so that particles
guided by the magnetic field may escape from timéreavithout hitting the magnets.
An even number of faces is required around eadexepo that the polyhedron can
have electromagnets of opposite North-South pglanteach of the two faces
adjacent at each edge. The resulting magnetic ¢dahfines a ball of electron gas at
the centre of the polyhedron.

Since electrons are negatively charged, the balexftron gas attracts and confines
positively charged fusionable nuclei that fall inttorhe magnetic field does not have



to be strong enough to confine the heavy chargeténwnly strong enough to
contain the lighter electrons, even though bothelthe same temperature. The net
charge of the combination of the electrons andeheting (positive) particles is kept
sufficiently negative so that this is true. There always more electrons present in
the ball than fusionable nuclei. Fusionable nuateiallowed to fall into the attraction
of the central ball of electrons from suitable s@gr(ion guns) inside the containment
structure but outside the confining magnets. Thetat field due to the concentration
of negative electrons confines the positively clkdrguclei that await a suitable
collision after having been accelerated to fusitm#dmperature. The energy
required to accelerate the fusionable particlestiné electron gas sphere results from
conversion of potential energy of the field intoddic energy of the particles, but this
loss of field potential energy is being replenisbedultaneously by an equal current
of positive charges on reaction products leavirgd#ntral ball, and being slowed by
the field as they leave. There are losses ofrelestand energy from the central ball
not discussed here. The losses are made up bgaansof high energy electrons fired
by an electron gun from outside the polyhedron theoball along a "cusp” in the
magnetic field in the centre of one of the facethefpolyhedron. The stream of
negative electrons moves into the electron baliregjghe repelling force of the
electron ball, adding energy into the potentiaihaf field of the ball.

(Start reading again if you skipped.)

The Bussard configuration can confine extremelyfbsion reactions. This means a
Bussard reactor can support fusion reactions tivalve the heavier light elements,
like boron. Hydrogen-boron fusion (p*B => 3“He) is particularly attractive for
generating electricity. Since it usually producaly/dhree helium (He) nuclei and no
neutrons, it produces very little radiation. Itacs as the result of a very energetic
(hot) collision between a proton (p, the nucleuambrdinary hydrogen atom) and the
nucleus of an atom of boroh'® - the isotope of boron with atomic weight 11).
Boron is very common in nature. A compound contajrboron is present in many
laundry detergents as a whitening agent. Theigdt® needed for the fusion
[gaction comprises about 80 percent of naturaltyiobang boron, the other 20% being
B.

The very fast positively charged helium nuclei tresult from hydrogen-boron fusion
can easily escape the electrostatic field thatainstthe (also positively charged)
protons and boron nuclei that have not yet fusHte positively charged helium
nuclei strike a positively charged grid enclosihg magnets and the ball of electrons
and reacting nuclei. The positively charged heliunlei have to travel "up hill"
against the electrostatic field established betwhemegative central gas ball and the
positive grid. This up hill travel converts the rhaaical energy due to their high
speed into electrical potential energy. At the giniely are provided with electrons
from an external electrical circuit, turning themta complete helium atoms,
neutralizing them and establishing the currenhaéxternal circuit that is the desired
product of the fusion reaction. A vacuum pump reesothe resulting helium gas
continuously. Bussard estimates that the effigiesfcconversion of the kinetic
energy of the He nuclei into electrical potentiaéiegy would be about 85%. As a



result, the waste heat from a direct conversiondgeh-boron electricity generating
plant would be only a tenth of that produced byrtied plants powered by burning
coal, nuclear fission, or fusion processes thaeger neutrons. A direct
conversion hydrogen-boron fusion plant is relagnampact. It is suitable for
electrical propulsion of ships, as well as for &ieal utility generation.

Other fusion reactions, also well supported byBhesard reactor configuration,
produce very large numbers of neutrons. SuchioFecmay be more suitable for
retrofitting existing commercial coal and nucleangrating plants, since they can
efficiently generate large amounts of steam to teedcexisting turbines.



