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Where Are We Now With Respect to 
Future Energy Supplies?

� Sometime in the mid-21st century the World will 
need a new source of safe, clean, and economical 
energy to replace fossil fuels

� The question now is will that energy be mainly 
fission or fusion?









How do We Make Atoms Fuse?
� Placing them under very high pressures at high 

temperature.
� Gravity
� Inertial confinement

� Heating them to very high temperatures (i. e., high 
velocities) and running them into each other.
� Containment with high magnetic fields

� Acceleration into each other at high velocities.
� Electrostatic confinement















Where Do We Get Deuterium and Tritium From?

� Deuterium:
� Stable isotope
� 0.015 mole % in hydrogen bearing compounds

(1 atom in every 6670 hydrogen atoms)
� Estimated inventory on Earth-5,000 billion tonnes

� Tritium:
� Radioactive isotope-12.3 year half life

� 3H1---> 3He2 + e- + 28 keV
� Made from Li bombarded by neutrons

� 1n0 +6Li3 --> 4He2 + 3H1 + 4.8 MeV
� 1n0 +7Li3 --> 4He2 + 3H1 + 1n�0 - 2.5 MeV
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There Are Many Experimental Fusion Devices on the
University of Wisconsin Campus

There Are Many Experimental Fusion Devices on the
University of Wisconsin Campus

HSX - Electrical & Computer EngineeringRFP – Physics

IEC - Engineering Physics

Run 265
90kV, 30mA

Pegasus - Engineering Physics







Major Components of ITER

Toroidal Field Coil
Nb3Sn, 18 coils

Poloidal Field Coil
Nb-Ti, 6 coils

Central 
Solenoid
Nb3Sn, 6 
modules

Blanket 
Module
421 
modules

Vacuum Vessel
9 sectors

Cryostat
24 m high x 
28 m dia.

Port Plug
6 heating
3 test blankets
2 limiters
rem. diagnostics

Divertor
54 



 REGULATORY  
 APPROVAL

Construction
Agreement

Initialled
ILE 
Established

CONSTRUCTION 
LICENSE

Months 0 12 24 36 48 60 72 84 96 10

 CONSTRUCTION EXCAVATE HVAC ready

Purchase Order TOKAMAK BUILDING
SITE FABRICATION BUILDING

OTHER BLDGS.PFC site
fabrication 

bldg. Place first 
TF/VV in pit

Complete
VV torus

Complete Blanket
/Divertor Installation

TOKAMAK ASSEMBLY
Install cryostat

bottom lid
Place 
lower
PFC

Install
CS

 STARTUP &  
 COMMISSIONING

SYSTEM STARTUP & TESTING

INTEGRATED COMMISSIONING
Complete leak
& presure test

Magnet
excitation

1st PLASMA

 PROCUREMENT PFC fab. start Last PFC complete

MAGNETS
TFC fab.

 start
CS fab.

start
Last TFC 
complete

CS fab.
complete

First purchase 
order VESSEL, 

BLANKET 
& DIVERTORFirst VV

sector
Last VV
 sector

First purchase 
order

Last blanket
and divertor

1/06-----
6/06



Progress in Magnetic Fusion Power
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Code calculations and analytic scaling predict 
z-pinch driver requirements for IFE DEMO

Double-Pinch 
Hohlraum

Dynamic Hohlraum current /x-rays
Eabs / yieldcurrent /x-rays

Eabs / yield

54 – 95 MA
12-37 MJ

2.4 – 7.2 MJ 
530 – 4400 MJ

2 x 62-68 MA
2 x (16-19) MJ
1.3 – 2.6 MJ

400 – 4000 MJ 

Based on these results, an IFE target for DEMO will require: 
double-pinch hohlraum dynamic hohlraum

36 MJ of x-rays (2x66MA)    30 MJ of x-rays (86 MA)                                     
3000 MJ yield                        3000 MJ yield

(G = 83)                                 (G = 100)

J. Hammer,  M. Tabak, R. Vesey, S. Slutz, J. De Groot











The Laser Bay is for NIF is 
Almost Complete











Laser

Z-Pinch – Energy application depends 
on finding a credible rep-rate concept

Heavy Ion Beam

Light Ion Beam

Light ion development currently on hold 
due to inability to focus adequately

There are 4 Current ICF Drivers







6

(1) Shield 

(2) Reflector / vacuum chamber 

(3) INPORT units 

(4) Final focus magnet 

(5) Vacuum line 

(6) Perforated plate 

(7) IHX

Side View Reactor 
Chamber Cutaway

7

2

4

3

5 LIBRA-LiTE

1

11/91



(1) Reactor chamber 

(2) Driver 

(3) Transport carriage 

(4) Circumferential rails
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The  long-range goal of Z-Pinch IFE is to produce an 
economically-attractive power plant using high-yield      
z-pinch-driven targets (∼3 GJ) at low rep-rate (∼0.1 Hz)

Z-Pinch IFE DEMO (ZP-3, the first study) used 12 chambers, 
each with 3 GJ at 0.1 Hz, to produce 1000 MWe 



NIF and ITER Drive the Urgency of the Plan

ITERNIF

A strong parallel effort in the science and 
technology of fusion energy is required to guide 
research on these experimental facilities and to 
take advantage of their outcome.



Conclusions
� There is a substantial world research program                  

(≈ 2 $B/y) to harness Fusion as a major energy source  
in the 21st Century

� While most of the world program is concentrated on 
magnetically confined plasmas, the inertial fusion 
program will probably reach ignition and breakeven 
first.

� Both inertial and magnetic confinement approaches are 
concentrating on the DT fuel cycle

� Advanced fusion fuel cycles will require a different 
approach
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