
MAGNETS FOR FUSION REACTORS AND PLASM A PHYSICS RESEAR
STATE OF THE ART IN THE UNITED STATES

In the United States today there exists a rapidly developing
and expanding program of magnet construction and design
that is required to meet the ambitious goals of the United
States fusion power development program. Its development
is crucial to the quest for reasonably economic .alternative
energy sources to meet world needs for present arid improved
standards of living and economic development over the next
two generations and is essential if other existing arid potential
energy.spurcos"fait..to provide the energy required in the next
century, for survival of the human race as we now know it. ; '

In this talk I Will cover briefly the breadth of magnet develop-
ment in the United States and merely touch on a few of the,,
difficult technical issues. Other talks and papers to be presented
at this conference by my American colleagues will go into

•some depth on many of the more important or more difficult
problems, of the magnet coils. Also, because of the breadth
of the program I am reporting on, I have limited my coverage
to toroidal field coil* for tokamaks and superconducting field
coils for mirror devices. Some other magnetic devices such as
the bending magnets for the ELMO BUMPY TORUS and
conceptual designs for poloidal field coils for power reactor
designs will also be reported on at this conference.

Z CONVENTIONAL TOROIDAL FIELD MAGNETS
• A T T H E P P P L .

Table I contains a summary of the important parameters of
the toroidal field magnets used or to be used in four Princeton
tokamaks. Three of these are of a circular design which has
represented the main line of U.S. tokamak development to
date, t h e first of these tokamaks, the ATC (Adiabatic Toroidal
Compressor), is now turned off after proving out the' concept
of compression heating of plasmas and reinforcing, with TFR -
and ORMAK, the; importance of Neutral-Beam Heating in
achieving higher plasma densities and temperatures.: The
PLT (Princeton Large Torus), workhorse of the U.S. program,
will soon be operating with four neutral-beam lines provided
by ORNL. In earlier experiments, since a .1975 turn-on, record
plasma currents of 600 Kiloamps and energy confinement
times up to 200 milliseconds have been achieved. The PLT is
similar in size to the Soviet T-10 tokamak and through the
mechanism of a sound international collaboration, their
experimental programs are intended to be corroborative and
complementary. The TFTR {Tokamak Fusion Test Reactor)
now under construction and expected to be operational by
19>l, will be the first tokamak in the world to produce 14 MeV
fusion neutrons and 3.5'MeV fusion alpha particles in a break-
even experiment involving tritium plasma which is heated by
high-energy deuterium n.aitral beams in the two-component
ion energy mode. In addition to the break-even experiment, the
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Figure 1. PPL Conventional Tokamaks Toroidal Reid Cross-
..-.. sections.

TFTR will be the first tokamak to. study significant alpha-
particle heating and related plasma physics problems, thus
providing essential physics and engineering data. A follow-on
device is under consideration; its D-T plasma after ignition,
will be heated entirely by alpha particles. The fact that TFTR
will burn D-T and produce significant radioactivity (1014

neutrons per pulse which'will activate the vacuum vessel walls'
and TF coils to a radiation level of about 10s mrem/hr after
100 full power D-T pulses) has imposed severe design require-
ments and restrictions on the TF coils which must be remotely

Figure 2. The Adiabatic Toroidal Compressor (ATC), at Prince-
ton Plasma Physics Laboratory, proved the concept
of compression heating of plasmas.

Figure 3. The Princeton Large Torus (PLT), which began
operating in 1975, has achieved plasma currents
of 600 Kiloamps. It will soon begin operating with
neutral-beam injectors provided by ORNL. i
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removed and maintained if they fail. These requirements
incj^tle a comprehensive 3D finite element stress analysis,
fatigue and fracture mechanism considerations, materials
activation studies, detailed thermal analyses, and compre-
hensive reliability'and maintainability studies.

Figure 4. The Tokamak Fusion Test Reactor ITFTR) will be the
first tokamak in the world to study significant alpha
particle heating. It is expected to be operational
in 1981.

POLOIDAL DjVERTOR EXPERIMENT (PDX)

The Poloidal Divertor Experiment is part of the development
effort required to control impurities in tokamak plasmas. It is
well known that any non-reacting ions present in a plasma are
undesirable and those' with high-Z which are not stripped of
electrons lead to high radiation losses.

A divertor is a particular magnetic configuration in which the
boundary plasma flows into a remote burial chamber where it
finally interacts with solid material. This should reduce the in-
flux of impurities in the main plasma chamber.

The.divertor configurations require the largest tokamak
vacuum vessel constructed so far at PPPL'(height 3m; width
1.5m; R = 1.5m). In addition to the plasma and burial
chambers, the vacuum vessel contains many of the poloidal
field coils. ' • s

Figure 5. The Poloidal Divertor Experiment (PDX) is part of the
U.S. fusion development effort to study methods of
controlling impurities in hot tokamak plasmas.

The PDX plasma is designed to test several poloidal divertor
configurations in a plasma of dimensions comparable to those
in T-10 and PLT but at about half the design fields and, there-
fore, half the plasma'current. It is planned to use several
megawatts of neutral injection for heating the plasma to a
temperature of about 2 keV which should permit a significant
test of divertor operation. The coils for the PDX are. non-
circular and by adjusting the poloidal field coils, one can
produce a circular or non-circular plasma configuration.

a« me

Figure 6. Cross-section of PDX, showing vacuum vessel, burial
chamber and poloidal field coils contained inside the
vacuum vessel.

Figure 7. Other U.S. conventional magnet tokamak toroidal
field cross-sections.

Figure 8. Scale model of Ateator C.

3. CONVENTIONAL MAGNET TOKAMAKS
AT OTHER U.S. LABORATORIES

THE MIT ALCATOR A TOKAMAK

The "Alcator A" operates wit) > a magnetic field, BT = 100 kG,
and the major radius IR = 54 cm) was chosen to achieve
the highest plasma current densities (j~BT/R = 1200 A/cm2)
of any existing tokamak. The coil is pre-cooled to 77°K
utilizing 65001 of LN2 and pies 25 MW peak power at 100 kG.



The coil, operating a t t o M / c m 2 and a peak winding field of
140 kG, is built of tapered copper Bitte/ plates, 54 cm square,
reinforced by interleaved stainless steel plates. The machine
requires, the'use of an air-core transformer. Eighty percent of
the flux is generated by a" central coil of 45 cm 0 0 with a peak
field of 100 kG, and current density .K^A/cm2 at the achieved 1 .
volt-second level. The remaining flux is generated by 3 sets of
coifs distributed to reduce the fringe field at the plasma to t ,
5gauss. * - . : . " . • \' .•;"'

The vacuum chamber if a single bellows with an 0.5 mm
wad, a 20 cm Kmiter, a 25 cm ID and a 27.4 OD. The chamber
is enclosed by a 1.25 cm thick'copper shell rigidly supported
•teach of four gaps. /

Results'.to date confirm that plasma current scales with
toroidal field and is.uninfluenced by adverse wall loading, up
to at least 200 kA at 60 kG Electron temperatures of 2.0 keV
using ohmic heating have been measured at densities of 5.0 x
1013 . . ,'\" I . ' '
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TABLE KB - OTHER CONVENTIONAL MAGNET
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THEMITALCATORCTOKAMAK ••

. The MIT Alcator C is a high-field compact tokamak modeled
after the highly-successful Alcator A. Its larger Bitter-type
toroidal field coil (major, radius = 0.646 m; minor'radius =
0.216 ml consists of 240 tapered copper turns'.0.80 m square.
Fot reinforcement, each full-hard copper plate is multiply-
keyed to an interleaved sheer of full-hard type-216 stainless
steel.'Finite-element analysis predicts peak stresses of 310 MPa
in the copper and 630 MPa in the steel at the maximum opera-
ting central field of 14.0 tesla. Precoding the magnet with
Nquid. nitrogen reduces^the power requirement by 80%-to 150
MW. At peak field, the magnet inductively stores 81 MJ. At
the end of a 3.5-second 14-tesla pulse, the hot-spot
temperature-rise is, 110 K; the magnet resistance has increased
by 53%; and the cumulative .esistive heating equals 27 MJ.

TH£ DOUBLET HA EXPERIMENT AT GENERAL ATOMIC

Doublet IIA is a noncircutor cross-section tokamak with a
field-shaping coil system. The purpose of this device is to

Figure 9. Bitter magnet plates for Alcator C.

perform comparative studies of plasmas with various cross-
sectional shapes. Detailed measurements of the temporal
and spatial behavior of the plasma properties of doublet,
elliptic, and circular cross-section discharges in Doublet IIA
have been carried out. One major result of these studies is the
observation of a significant increase in the electron density,
n', and the energy confinement time.r , with increased plasma

. elongation. The elliptic and circular discharges are produced
passively by controlling the plasms-induced current in the field-
shaping coils surrounding the plasma. The doublet discharges
are produced by actively driving selected sets of shaping coils,
arid these shaping fields are adjusted according to the changes
in the plasma current density profile which accompany plasma
heating.

THE DOUBLETT III

Doublet III, which is expected to be completed in late 1978,
will provide for investigation of non-circular plasmas in a large
tokamak. Some important parameters are: major radius 1.5 m;
toroidal field 2.6T; plasma width 0.9 m; height to width ratio
3:1; plasma current<5MA; and q = 2.6. With the aid of neutral
beam heating densities of ~ 2 x 1014 cm*3 and temperature
ofabout5keV.

Figure 10. Doublet III, under construction at General Atomic,
" is scheduled for completion in 1978.

THEORNLORMAK

The ORMAK tokamak, recently decommissioned, was a low
aspect ratio tokamak which operated at central toroidal field
levels <2.6T. The long and successful operation of this device
showed that it is possible to conduct plasma physics experi-
ments in liquid nitrogen cooled toroidal magnets enclosed in a
vacuum jacket.



Figure 11. Doublet HI, showing installation of one of its
24 toroidal field coils.

The following list of plasma parameters attest to the wide
range of plasma regimes produced and investigated on
ORMAK: Major radius 80 cm; minor radius 23 cm; B t 0.4 - 2.6
T; n e

( 0 ' = 10 1 4 cm' 3 ; Te<°'<1.8 keV. The highest ion tempera-
ture and densities were obtained with the aid of 300 kilowatts
of neutral injection power,

THE ORNL ISX

The ISX (Impurity Studies Experiment) was designed to
study both the sources of impurities in the vacuum vessel walls
and impurity behavior inside the tokarriak plasma. The vacuum
vessel is designed to be rapidly replaceable to study the effects
of using different wall materials.. Graphite, silicon carbide, and
other materials have been suggested as alternates to stainless
steel for better impurity control. Other experiments will attempt
to remove the impurities once they enter the plasma. One such
experiment, the Impurity Flow Reversal Experiment developed
at the General Atomic Company, will attempt to remove
impurities by controlled hydrogen gas flows into the plasma.

The experimental flexibility of ISX wiN also be used in new
sets of experiments to explore plasma parameters for eco-

' nomical fusion reactors. The experiments exploring the so-
called flux conserving tokamak (FCT) concept developed at
ORNL will be used to increase the "beta" of the tokamak dis-

• charge. Beta,0, is an important measure of plasma economics;
it is the, ratio of the pressure exerted by the plasma to the pres-
sure exerted by the magnetic f aid on the plasma. Because
the magnetic field systems-of a tokamak are the most expen-
sive parts, an increase in 0 will mean more plasma and hence
more output power for the same magnetic field cost. These
experiments, if successful, will be a critical step forward toward
economic fusion energy.

4. THE LARGE COIL PROGRAM A T OAK RIDGE
NATIONAL LABORATORY

The plan for the American Large Coil Program (LCP)
emerged from a broadly based review of the United States
tokamak magnet development program. Basically it consists of
having,United States industry design and build at least three
different test coils, to specifications prepared by the program,
and test them under conditions that permit the selection of the
best design. Program management, technical guidance, and
evaluation are provided by a team at the Oak Ridge National
Laboratory.

The focus of the LCP is on the needs of an ignition .tokamak,
TNS, (the next step). Test coil bore dimensions are 2-1/2 x
3-1/2 m, which is about one-half to one-third present concep-
tual experimental reactor design sizes, but the conductor cur-
rent and ampere-turns in the test coil will be about the same as
those in these reactor designs (10-15 kA and~7 MA-tums).
Specified pulsed fields and several force levels were chosen in
the upper range of those anticipated for a reactor. The first
coils are to operate at a peak field of 8 tesla in the coil when in
a 6-coil compact toroidal arrangement. Interface dimensions
are specified so that coils of different internal design can be
assembled and operated together. Of the three concepts being
developed by industry, two use a NbTi conductor, cooled by
boiling helium while the other uses NtgSn cooled by forced
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Figure 12. Conceptual toroidal field cross-sections for several
large scale tokamak designs.

TABLE III - REQUIREMENTS FOR PROPOSED LARGE
COIL PROGRAM
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flow of supercritical helium. The conductor configuration,
structural arrangement, and fabrication techniques vary widely
among the three coils. Scheduled delivery of the test coils
is 1980.

A test facility is being prepared at Oak Ridge. The test stand
will be enclosed in a vacuum tank which is large enough to
allow later testing of higher field coils in a torus or two full- -
size reactor JOHS between background field coils. Pulsed coils
provide up to 0.2 tesla in one second with spatial distribution
at TF coils similar to that in a reactor.

In addition to United States' coils, Europe and Japan may
also provide coils to be tested in the Large Coil Test Facility
under provisions of an agreement arranged through the Inter-
national Energy Agency. Perhaps a coil from the Soviet Union
could also be tested at ORNL. In addition, the PPPL group is
investigating the possibility that the Nt^Sn coil for the ORNL
LCP could be a half-scale prototype for their LPX.

S. NEXT STEPS A N D UPGRADES

All experimental plasma confinement devices of the tokamak
type that have been built to date have used copper coils to pro-
duce the toroidal component of the confining magnetic field.
Furthermoie, none of the larger tokamaks now being con-
structed (TFTR JT-60, JET, T-20) will use superconducting
coils. This reflects the judgment of the various research pro-
grams that use of. superconducting coils would entail more
uncertainty in schedule and cost and is technically unnecessary
to the goals of the devices. With the-next step up in size, how-
ever, the incentives for superconducting magnate become very
strong. Two of the three TNS and Upgrade concepts shown in
Table IV, are based on superconducting magnet designs. The
third, the MIT HFITR uses more conventional coils of the
Bitter type. The PPPL LPX and the MIT HFITR are referred to
as TFTR Upgrades since they would use some of the basic
facilities at Princeton which will result from construction of
the TFTR. The GA superconducting TNS and the MIT HFITR
would be D-T ignition devices and the PPPL LPX would be an
H-H and D-D device.



The toroidal field coils of the superconducting tokamaks
now being planned for those and follow-on devices for the late
198Q'« may not be substantially larger in physical size or stored
energy than the largest superconducting magnets built to date.
They will represent, however, a significant advance in the state
of the art, because of the unique set of requirements that
must be met. Among these are:

Coil in-plane forces are strongly asymmetric.

CoH out-of-ptane forces are substantial.

Pulsed fields produced by the plasma-driving system and
the plasma itself are imposed on the toroidal field coils.

Location of poJoidal field coils, i.e;, inside or outside the
toroidal field coils, has a big effect on toroidal field con-
ductor stability and temperature. -

Space is at a premium because tokamak confinement •
performance is improved by more compact arrangements. „

Magnet-stability is essential to. an acceptable availability
factor for the tokamak device.

Because of lateral.or out-of-plane loads constant tension
or D-shaped coils do.not solve all of the significant coil
support problems. . •

TABLE IV - CONCEPTUAL TOKAMAKS TOR THE
NEXT STEP (TNSj OR UPGRADES
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Figure 13. Conceptual toroidal field coil cross-sections of
• large scale tokamak designs.

Two paths to large superconducting tokamaks, involving
different intermediate steps, have been envisioned. In one the
first superconducting tokamak would be small, to limit the
capital costs, but addressing sil of the special problems except
those specifically dependent upon physical size. The other
course involves building a few large coils of leading candidate
designs and testing them under ressonatrty realistic'conditions
before choosing the design of the actual reactor coils. At the
present time, the latter course is being pursued in the United
States through the ORNL Large CoH'Program as described
above and in a separate paper; at this conference. It is ex-
pected, however, that a full scale TN5 prototype supercon-
ducting coH would be started before completion of the LCP
one* a TNS design is firmed up. General Atomic has already
made a preliminary proposal to build a prototype for their
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Figure 14. TFTR Upgrades will be located adjacent to TFTR
in the TFTR experimental complex.

proposed TNS, which will also be reported on at this confer-
ence. None of the three proposals shown in Table IV is ap-
proved yet and there is no firm time table for their initiation.
Also, ORNL has conducted a comprehensive study on the
plasms parameters of several conceptual TNS's which I w i l
not report on in this conference.

NIOBIUM-TIN LONG-PULSE TOKAMAK
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Figure 15. Estimated Parameters of the Princeton Plasma
PhysicsLaboratory's LPX.

6. MIRROR MAGNET SYSTEMS A T U L

The "Baseball Il-T" experiment was the first U.S. fusion
device to use a superconducting magnet system. Table V
shows the parameters of this magnet which operated without
failure at design specifications for 5 years before it was turned
off in 1976 to make room for new experiments. This baseball
configuration (in which the current flows in a conductor
shaped like the seam of a baseball) is a natural descendant of
the mirror-quadrupole schemes used earlier at Culham and
Livermore. One of the advantages of this magnet is that its
designers were able to capitalize on the fact that it operated
at low temperature by using ARMCO 21-6-9 stainless steel
which has an ultimate tensile strength of about 250 ksi 11724
MN/m 2 ) at 4.0°K. This is clearly a distinct advantage that
superconducting'magnet designs have over conventional ones,
as it is extremity, difficult to achieve a UTS of over 100 ksi (690
MN/m2 ) at room temperature without cold working.

Based on successful technological results with the Baseball
superconducting magnet and other important physics results
with conventional mirror magnet systems, LLL is now under-
taking a new major mirror experiment called the Mirror Fusion
Test Facility. This experiment, like the Princeton TFTR facility
for tokamak confinement systems, is a major U.S. Fusion
Development Project and is intended to provide sufficient
information on plasma density, temperature and stability to
demonstrate the physics feasibility of mirror magnet reactor
systems. Table V also gives the critical parameters of this
device.

5
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Figure 16. Bore of superconducting magnets.
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Figure 17. The Baseball II-T magnet assembly being lowered
into the vacuum vessel. (Photo courtesy of Uni-
versity of California Lawrence Livermore Laborato-
ries and U.S. ERDA.)

Figure 18. The Baseball II-T magnet shown in final phase of
fabrication. (Photo courtesy of University of Cali-
fornia Lawrence Livermore Laboratories and U.S.
ERDA.I

Figure 19. Conceptual design of the MFTF with Yin-Yang de-
sign superconducting magnet. (Photo courtesy of
University of California Lawrence Livermore Labora-
tories and U.S. ERDA.)

This MFTF experiment will use a superconducting magnet
of the Yin-Yang design (similar to the conventional magnet
2X11 B experiment). With advanced neutra.'-beam injection
techniques, LLL expects the MFTF to verify the energy-scal-
ing laws at 500 million°C and because of its increased size and.
higher magnetic field, MFTF will investigate plasma stability
under mirror system reactor conditions.

Besides plasma physics questions, the MFTr design ad-
dresses many of the difficult technical problems that must be
solved for practical mirror reactor systems. Specifically, the
MFTF experiment will explore large-scale, complex -neutral
beams; plasma-wall interactions; disposal of the flux of par-
ticles leaving the mirror machine; and high-speed vacuum
pumping techniques.

7. EXPERIMENTAL POWER REACTORS, D E M O N S T R A -
T I O N POWER REACTIONS A N D COMMERCIAL
POWER REACTORS

Since most of the major studies for commercial power re-
actors were completed over a year ago I have merely repro-
duced in Tablf VIII the'magnet parameters of those devices as
they were then conceived. One of the most important func-
tions that these studies accomplished was to demonstrate that
on the basis of the physics results of three years ago, tokamak
commercial power reactors would be very large and very
expensive; even if economical.

In the meantime a number of important things have happened.
The physics results, both theoretical and experimental, have
indicated that high plasma confinement times and current



-' densities scale with field and plasma size as predicted; plasma
heating is quite successful; higher Beta tokamaks appear to be
feasible and non-circular plasma geometries are quite efficient.
This has led to a higher degree of optimism about the size

<. that is required for a-tokamak power reactor. In Figure 12
one can scfe that the size of the ORNL EPR is substantially less
than the size of UWMAK III. Th«, does not imply that they are

, equally efficient power producers, but the point is that one
does not now feel one must go to extremely Icrge-scale devices
to get adequate efficiency. Now we believe that efficiency and
power production can, in princ.pte, be achieved in smaller de-
vices. The ORNL/Westinghouse groups have concentrated on
these trade-off studies. '

In addition to these physics and plasma parametric studies,
the work at ORNL on the Large Coil Projact has produced
important industrial response oh how to build coils for tokamak
power reactors. The industrial studies demonstrated the manu-
facturing and delivery difficulties associated with the large coils
from the former commercial power reactor studies. All of that
information suggested that a smaller size coil would be more
reproducible, more reliable and easier to achieve at established,
industrial facilities. The utilities also indicated that commercial
power reactors of 500 MWE to 1500 MWE would be more
useful at existing or'planned power stations to reduce overall"
capital cost rather than the 3 to 5 GWE plants the earlier
designs would have produced. In fact, overall plant efficiency
and economy wduld be significantly enhanced if 3 or more
1500 MWE.tokamak reactors were installed at power plants.
The recent results requiring 4 to 6 GWE on the achievable
stress levels with HboSn provide further optimism that size can
be brought down as field levels go up.

' A size of about 8m x 12m with B j of 7.0 at R with Niobium

'Tin and a Beta of about 4% or a design in the same geometry,
"Of B f of 5T at R with a Beta of about 8% -on the basis of the

recent pre-conceptual design studies at ORNL and GA appear
quite feasible for an economic commercial power reactor in the
1000 MWE regime. . .
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TABLE VII — DEMONSTRATION POWER REACTOR
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TABLE VIII - COMMERICAL POWER REACTOR
CONCEPTUAL DESIGNS
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Figure 20. Cross-section of UWMAK III.

- Figure 21. General Atomic's conceptual design of an experi-
mental power reactor facility.

8. CONCLUSIONS

I hope I have been able to present to you a comprehensive
picture of the broad-based development activities being ac-
complished by the many fusion magnet development groups
in the United States. W e are vigorously pursuing, through

V: •



projects now underway, two main lines of major magnetic
confinement systems, the Tokamak and the Mirror. In the
Tokamak area, we are looking with equal vigor into circular and
non-circular coil designs, low-field and high-field conventional
magnet designs, including Bitter coil adaptations, supercon-
ducting designs with Niobium Titanium and Niobium Tin, and
cryogenic cooling systems with forced cooling and pool boil-
ing. With the mirror systems, we are capitalizing on the highly
successful operational experience of the Baseball Magnet and
building a • bigger superconducting magnet system for the
Mirror Fusion Test Facility.

The TFTR will give us insight into the special problems of
neutron activation, remote maintenance and repair, residual
radioactivity, reliability, remote control and operation of diag-
nostics in i nuclear radiation environment and, for the first
time, the ettects of alpha particle plasma heating. The PDX and
the ISX will tell us something about the effects of impurities
and their control. The Alcator devices will continue to stress
and extend our knowledge of high density plasmas and ohmic
heating. The General Atomic Corporation will continue to ex-
plore the advantages of extremely non-circular plasmas.
Planned neutral-beam experiments on PLT, PDX, Doublet III,
ISX, and TFTR will define more clearly the role neutral-beam
heating plays in plasma temperature, density and confinement
time. Improvements to Doublet III, PLT, PDX, ISX and TFTR
can establish the role which RF heating will play in plasma
heating. One or more of the TNS's or upgrades proposed at
GA, ORNL, MIT, and PPP-, if operational in the next ten years,
could answer serious questions about ignition, long pulse
operation, impurity build-up and fueling. Tandem mirrors
devices as a follow-on to the MFTF, might demonstrate more
promising results and open up additional options for future
reactor designs. Apart from a TNS, most of the elements, at
least from the point of view of magnet development, for a
broad-based program with magnetic confinement systems
are essentially in place and functioning or expected to function
over the next four to six years. I don't believe the TNS can wait
that long for its design to be started and it should be underway
as soon as possible, hopefully with conceptual design and
RErD being initiated within a year.

The stimulating results which are sure to be forthcoming
over the next five years, coupled with the information to be
obtained from a comprehensive and dedicated TNS design
effort, should produce the options and trade-offs required for
a cohesive integrated plan for the construction of experimental
power devices that can begin to come on stream in the early
1990"s, an essential milestone if the goal of a commercial

power demonstration by the. end of the century has any
meaning. We are building the base; we are training the people;
we are involving new disciplines and talents through effective
partnerships with industry; we are solving the tough problems;
and we are moving forward with cautious optimism based on
favorable physics and technological results. What we need
most is the determination to move ahead more quickly and the
commitment to back it up.
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