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The Following Talk was First
given at the STAIF Il Meeting In
Albuquerque which welcomes all
new ideas regarding space and
energy
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Motivation: Mars Site Power

* Mars dust storms can cutoff sunlight on Mars for
Months

Mars ¢ Global Dust Storm

June 26, 2001 September 4, 2001
Hubble Space Telescope * WFPC2

NASA, J. Bell (Cornell), M. Wolff (SSI), and the Hubble Heritage Team (STScl/AURA) ¢ STScl-PRC01-31

* Astronauts must have nuclear power for Mars
surface base
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Additional Terrestrial Motivation:

—_  IheJihad

°* The Jihad against the United States is funded by Qil

* Towin Waron Terror we must win the War on Oil
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Energy Distribution History

Primary energy 1850-2008
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Global CO, and Oxygen
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Houston , We have a Problem...
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Solution
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The Unseen Breakthrough: 1994

TFTR- Princeton N.J. TFTR plasma

TFTR produces 10.7MW Fusion power - 27%
of heating power ( Q=.27)

10
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Breakthrough

* United States Fusion Program exceeded “Hybrid
Breakeven” in 1995 at TFTR (Tokamak Fusion
Test Reactor) which achieved 27% scientific
breakeven (Q=.27) burning DT (Deuterium and
Tritium

* Fission gives 10x energy yield per neutron as Fusion

» Each Fusion reaction produces 17.5 MeV and a fast
neutron

» Each neutron can produce a 180 MeV Fission reaction

* Jf TFTR had been fitted with a Uranium blanket —
it would have been Q~10

11
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Fusion Reactions

temperature [keV]
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D-T Neutron rich Fusion is easier than “a-neutronic
fusion’

12
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Fission vs Fusion Energies

Nuclear Fission Nuclear Fusion
¢ <

‘ . de:;erium% Te t:;:
neutron |/ U-235

u-zas. ‘e .

/ f l\,\' ‘\ Fusion 18MeV
@ J
wit @O @ s / \" (14 MeV neutron)

guirens neutron

Qg
Fission 250MeV LT

* Fusion makes high energy neutrons Fission makes
10 X more energy

13
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Why was The Breakthrough not Previously
—_  Seen?

Simple : “In the Box” Thinking

* The Breakthrough was not seen because
both Fission and Fusion “camps” were
focused only on “Pure Fusion” or “Pure
Fission” (Fast Breeders).

* Hybrid power: Fusion for generating
neutrons- Fission for creating power.

14
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Fission Fusion Hybrid Nuclear Reactor

* Hybrid Reactor consists of
Fusion core and Sub-Critical
Fission Blanket that surrounds
the fusion source.

* Fusion Core acts as a neutron
Source to make fission balnket
critcal

* Fission Blanket acts as Power
Multiplier.

* Result: Electronically controlled
Fission Reactor.

15
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Fusion Neutrons Can TransmuFH Nuclear
Waste

16

Fusion core
Neutrons can “burn
up” High Level
Nuclear waste and
render it “50 year
safe’
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Pressurized-Water Reactor Technology can be
used
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Advantages of Hybrid Nuclear Power

* Fusion elements are much easier to design
than pure fusion and technology was
demonstrated using Tokamaks.

* Hybrid Nuclear plant can operate partially on
high level rad-waste or Thorium rendering it
safer than current fission systems.

* Hybrid allows safe breeding of Fission Fuels.

18
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The Energy Crisis is Solved*”

* In Theory ...

19
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Application To Mars

* Fusion Neutron Source powered by Solar
Power can provide neutrons in-flight to
Mars

* Thorium Fission Blanket can be “Launched
Inert” and made critical on the way to Mars

20
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Mars Site Power Hybrid : At Launch

Beryllium Compact

Neutron D-T Fusion

Multiplier neutron
source -off

Thorium Blanket

® Thorium is inert

21
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APPLIED PHYSICS, LLC

Mars Site Power Hybrid : At Mars

Beryllium D-T Fusion

Neutron neutron

Multiplier source - on
U233/Thorium
Blanket

* Thorium is converted to U233 on Hohlman transfer

to Mars -
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Power on Mars - Dust or no Dust

23
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Two Approaches for Stable Fusion Core

Fusion Core 1. RTEX ( Rifled
Toroidal vorTEX) magnetic
confinement

24

Fusion Core 2. IEC with
Microwave Augmentation

High Power

| Microwaves
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Vortex Stabilized magnetic configurations

Magnetic

o
Blanket SRR fiald line

The Toroidal Vortex Magnetic field in a Tokamak
- demonstrated to be stable.
- Critical magnetic field is required to prevent burn through...

25
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Stable Torsatron Plasma

98-03-31 TUE (61}

14:13:25
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Simple Torsatron Experiment

The small Torsatron coil energized with pulsed current confines plasmain a
vacuum tank.

27
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IEC —MAX (Microwave Augmentation eXperiment)

Combine proven |[EC
fusion with Pulsed Radar
Sources for augmented
confinement

28
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Microwave “Pondermotive” Force on Plasma

2
Ve(pvyv,)+VP —en E=Ve( E E )+VP —en,E=0
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e

Microwaves can put pressure on plasmas
29
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Virial Theorem — Force Balance

Internal pressure

N

confining
surface tension

G

30
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Virial Theorem cont.

electrostatic
force

v 2

W
£, (EC2 + L
20

surface term

\
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EM wave force

)=(pv* +3P, +1¢,E*)

average internal
pressure

31
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MAX (Microwave Augmentation eXperiment)

IEC only

Figure 1. The IEC plasma before microwaves

IEC With Microwave
Augmentation ~ 1kW
2.45GHz

Figure 2. The IEC plasma during microwave irradiation. Note the plasma shrinkage
relative to the gnd structure as seen Figure 1.
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Summary

Hybrid Fusion- Fission offered near term safe-clean
nuclear power for earth and space.

Energy crisis now has a technical fix

Limitless safe-clean energy

Fusion neutron source powered by solar power can
transmute inert thorium blanket to fissionable U-233 en-

route to Mars or on Mars surface

Mars nuclear site power can be launched inert and be

activated en-route or on Mars
33
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Goal: Hybrid Nuclear Powered Spacecraft




