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Simultaneous x-ray and electron
shadowgraphs record high speed
objects with a wide range of den-
sities and sizes. The x-rays (black
image) penetrate thick objects and re-
veal such interior details as (B) the
30-06 bullet and the lead fragments
(L) buried in the aluminum shell (A).
The electrons (for illustrative purposes
shown in blue) provide better contrast
with the thin, low-density portions of
the object, such as the wood chips
(W) and the lead vapor (V).

When used simultaneously, they re-
cord objects from 10 micron low z
particles up to a few inches of steel.
"Stop-motion" at high velocities is
provided by a 20 nanosecond expo-
sure time. A common source and film
position allows the two images—prod-
ucts of a single tube and pulser—to be
superimposed for easy data reduction.

This is but one example of the ad-
vanced research capabilities offered
by Field Emission pulsed radiation
source systems — available in a com-
plete line of related equipment ranging
from small, portable x-ray units to 2
million volt systems. For detailed in-
formation on the specific application
illustrated, send for catalog and re-
lated technical data.
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less) are funded with a minimum of
delay for proposal review although
larger projects take longer. Lindquist
indicated that the approval rate for
all proposals is about 18% with most
being rejected because they are poor-

ly written and do not meet USOE
criteria. He said, however, "This
does not reflect the true rate for
really innovative and well conceived
proposals, which have a very good
chance of receiving support from us."

Amasa Bishop assesses US effort in controlled fusion

Few physicists are more closely iden-
tified with the US fusion effort than
Amasa Bishop, who recently replaced
Arthur Ruark as head of the Atomic
Energy Commission's controlled ther-
monuclear program.

We went out to Princeton one Sun-
day to visit Bishop (he works seven
days a week) to gain his views on
fusion research in this country. Seated
in his shirtsleeves near the complex
apparatus and electronic equipment
of the Model-C stellarator, he flatly
predicted that controlled fusion
would be achieved by the late 1970's.
With a tone of urgency, he told us
of the drastic effects we may expect
from inadequate support of plasma
research, why he has come back to his
old job and how the perspective has
changed for both scientists and Con-
gress.

Bishop, like so many other physi-
cists in fusion research, was trained
outside the field. He earned his PhD
in nuclear physics, and his earliest
work was in meson physics and angu-
lar correlation of nuclear radiation.
But after three years' postdoctoral
study in Ziirich, he returned to the
US to join the highly classified Proj-
ect Sherwood in its earliest days, when
expectations were high for a quick
solution to controlled thermonuclear
energy. Over the years. Bishop has
seen these expectations dashed by the
complexity of the plasma state and
then rise once again as problems are
solved one by one. He left Project
Sherwood as its director in 1956 to
serve first as AEC scientific represent-
ative in Paris and then as head of
the US delegation to KURATOM in

Brussels. For the last five years he
has been engaged in fusion research
with the Princeton stellarator. Bish-
op, who will be 46 in July, lives
with his wife and four children in
Princeton (Amasa is a family name,
accented on the first syllable).

Bishop is returning to Project Sher-
wood at a significant time. Both the
Pake Report (see PHYSICS TODAY,

April 1966, page 23) and the Herb
Report (see PHYSICS TODAY, March

1966, page 60) have warned of a
decline in plasma-physics education
and in US leadership in controlled fu-
sion unless support over the next five

BISHOP

years is approximately doubled. Soon
a funding decision will be made in
Washington as to whether our fusion
program will become second rate or ad-
vance rapidly to the CTR goal. We
asked Bishop:

• ]Vliat are some of the reasons that
caused you to return as director of the
AfLC thermonuclear program?

"Probably the main reason is the
impact that the Herb report had
upon me. 1 was very much impressed
by the extent of the review carried
out by the Herb Panel, and I find
the conclusions and recommendations
in its report to be both dynamic and
far-reaching. Since f am very deeply
involved personally in the controlled
thermonuclear program and convinced
of its eventual success, I was pleased
to see the Herb Panel arrive at con-
clusions with which I myself concur
almost completely."

• But considering the continued
budgetary curtailments in the pro-
gram, is this not a discouraging lime at
which to take over?

"This is another reason why I de-



cided to come back. I want to see
what I can do to help rectify this
budgetary limitation. I would like to
use the Herb report as a springboard
for an intensified program that will
move forward as rapidly and as
strongly as possible."

• At this point, what chance do you
think the Herb report recommenda-
tions have of being implemented}

"I sincerely believe (and hope)
that they have a Aery good chance.
In my opinion, the US effort should
be supported at a level which will
ensure active leadership in the field."

• // the Herb Panel recommenda-
tions are accepted, would lliis nol re-
sult in a restriction of some oilier pro-
grams in the AEC physical research di-
vision?

"This need not be done at the ex-
pense of other AEC programs, pro-
vided the AEC, Congress and the
Bureau of the Budget increase the
funding for the controlled fusion ef-
fort."

• Should the budget limitations
continue, what do you foresee happen-
ing to the program?

Need new people, devices. We have
two major requirements. One is for
new people to come in and help
invigorate the program: the other is
for the construction of new experi-
mental devices that will test the next
generation of confinement ideas for
hot plasmas. If the level of operat-
ing funds is kept constant as it has
been for the last four or five years,
then our hands are completely tied
in trying to achieve either of these
two goals. We are, in effect, being
forced to continue operation with
limited personnel and with equip-
ment that is outmoded. We lack the
necessary funds to move ahead at a
pace commensurate not only with the
importance of the program but also
with the encouraging outlook for
eventual success."

• Does the program now have a dif-
ferent perspective from when you first
headed it?

"Yes, definitely so. You see, I came
into the program in the very early
days when it was highly classified and
no one knew what the possibilities
were for success. In view of the rapid
success that this country had with H-
bomb development, where a sizable
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New Hewlett-Packard REVERSIBLE Counter

Here's an instrument offering all six counting
modes necessary for today's laboratory and
industrial measurement requirements, plus the
high 2 MHz counting rate, 250 nsec reversing
time, and standard features not found combined
in other instruments, except, in some cases, as
costly optional "extras."

With the new 5280A Reversible Counter and
5285A Universal Plug-in, you can count input
channel A or B, or count A upwards or down-
wards, depending upon the polarity of B, at 2
MHz. Reversing time in the latter mode is 250
nsec. Or, you can count A+B, A—B, or count up
or down, depending upon the phase relationship
of A and B, up to 1 MHz. The latter mode is ideal
for use with laser interferometers and other
transducers for precision length and x-y posi-
tioning measurements.

An anti-coincidence circuit prevents loss of
count if A and B arrive simultaneously in the
A—B or A+B modes. Polarity switch permits
reversing input signal directional sense. Trigger
level controls provided (±100 volt range).

Measure such parameters as length, thick-
ness, angular displacement, flow rate, liquid
level, weight; use in such application areas as
automatic process control, automatic machine

tools, chemical, plastic or metal fabrication,
readout of gyro test table position, intertial guid-
ance element testing, readout of pulses in
remote control or telemetering systems and
comparison of frequencies.

The 5280A offers 100 mv input sensitivity,
ac and dc coupling, 1 megohm input impedance,
6-digit in-line readout with ± sign, and with 7th
and 8th digit available as options. Overflow of
readout is indicated by a front-panel neon light.
Versatile manual and remote controls are pro-
vided; four-line BCD outputs for recording and
control also are standard.

Add to this the reliability and standard design
features of Hewlett-Packard solid-state elec-
tronic counters, plus convenient and complete
field applications assistance and service, and
you have a new counter offering measuring
capabilities previously unavailable in a single
instrument. 5280A Reversible Counter, $1450
(plug-in required); 5285A Universal Input
Plug-in, $450.

Ask your Hewlett-Packard field engineer for
a demonstration or write for complete specifica-
tions to Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva.

Data subject to change without notice.
Prices f.o.b. factory.
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effort overcame great problems, we
felt there was a reasonable possibility
we could do the same thing with the
controlled fusion effort. It was on the
basis of this hope, of course, that the
whole program was classified."

Difficulties more complex. "Then,
about the time of the Geneva confer-
ence, in 1958, it became eminently
clear that the controlled fusion prob-
lem was not going to succumb to an
empirical attack, even with a very in-
tensive effort. The difficulties were
much more complex than we realized
at the beginning. We saw the problem
required a full and detailed under-
standing of plasmas, achievable only
through a long-range research effort. It
was for this reason that the whole pro-
gram became declassified in 1958. To-
day, besides maintaining our long-
range goal of achieving fusion, we are
also building a solid framework of
basic plasma physics and high-tem-
perature plasmas."

• How has the attitude of the Joint
Congressional Committee toward the
fusion program on Atomic Energy
changed over the years?

"In the beginning, of course, the
Committee members were just as ex-
cited as we were about the prospects
of rapid success. Then, when it be-
came clear that this was going to be
a long-range problem, their perspec-
tive and attitude changed also."

• Will any of the fusion approaches
have to be sacrificed if funds are re-
stricted?

Experiments, not approaches. "I
want to speak very specifically on
this matter; it is an important point
that is often misunderstood. When
the program first got under way and
we had no real understanding of the
problems involved, we set up a num-
ber of empirical "approaches" in the
field: the pinch approach, the stel-
larator approach, etc. Since then, we
have found that we need a deeper
knowledge of plasmas through exper-
imental research to achieve controlled
fusion. Thus, the experiments which
are being carried out throughout the
country should not be considered as
approaches to fusion power, but rath-
er as experiments designed to answer
critical questions concerning the be-
havior of plasmas in magnetic fields
under a variety of conditions. The

answers to these questions—particu-
larly those relating to plasma con-
finement—are " absolutely essential to
continued progress in the field. The
relevant experiments cannot be sacri-
ficed without slowing the progress to-
ward our goal."

• Do you believe that government
support of the fusion program should
be diversified and not concentrated in
a single agency?

"I think that prime responsibility
for the development of controlled
fusion power is clearly that of AEC.
There are, however, other govern-
ment agencies that have justifiable
interests in this field, rind to the ex-
tent of these interests, their partici-
pation in this work is certainly ap-
propriate and welcome."

• The Herb report speaks of a na-
tional center for plasma studies. How
do you envision such a center?

"I think it could serve a number
of useful purposes. In the first place,
it would be a center where a large
variety of plasma experiments would
be carried out. These experiments
would be unclassified, open to quali-
fied scientists from this country or
abroad who care to come and work
in the program. This in itself would
help to bring in the young blood
and new ideas that we so desperately
need in this program. Secondly, the
assembly of a large number of experi-
ments under one roof would stimu-
late a cross-fertilization of concepts
and techniques, and also facilitate the
intermarriage of different types of de-
vices when and as needed. Such a
meshing of concepts and experiments
is certainly required if we are to
move rapidly forward in this pro-
gram. Thirdly, when the time is ripe
for building a large device for a final
test of successful fusion experiments,
the background and experience for
its construction would be on hand
at one site, so that we wouldn't lose
several years in having to set up such
a center from the start."

• Do you think our education in
plasma physics is of a sufficiently Iiig/i
quality?

"The US is just beginning to de-
velop high quality in the training of
scientists and engineers in plasma
physics. Many of us moved into plas-
ma physics from other fields (I, my-

The Teltronics CK-3
tock-ln Converter Ampli-
fier . . . a universal narrow-
band signal processor which uti-
lizes the technique of synchronous
detection for recovery of signals
buried in noise.

As an active fHter, the CK-3 locks
the center frequency to a specific
frequency at which the signal in-
formation is made to appear. In-
ternal or external signals may be
used in the reference channel,
permitting virtually drift-free op-
eration. The reference channel
power output will drive a coaxial
switch. In-phase or quadrature sig-
nals may be monitored on the
panel meter and at the recorder
output. Phase controls are located
on the front panel for precise
signal / reference alignment. The
CK-3 gives full scale indications
with less than 3 microvolts rms in-
put and has selected time con-
stants from 0.1 to 100 seconds.
Stay locked for only $995.00
The CK-3 may also be used to con-
vert a standard superhet receiver
to a Dicke Radiometer. The ampli-
fier drives an external coaxial
switch at the receiver input to con-
nect the receiver alternately to a
reference and an unknown. Power
level differences appear as directly
measurable A.M. in the receiver
whose output is synchronously de-
tected by the CK-3.
A special 1 megohm high input
impedance unit, Model CK-3X, is
available at $1095.00.
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self, from nuclear physics), and it is
only in recent years that scientists
are being adequately trained in plas-
mas. This is a new, young field, and
if we are going to move ahead in it,
we will need a considerable expan-
sion in the university program."

• //( 11>5H you estimated that con-
trolled fusion would be achieved in
about two decades. Now, eight years
later, do you still believe that this goal
is at most twelve years away?

"Yes, I do. When we speak about
proving the feasibility of the program,
I sincerely believe that by the late
1970's such proof will have been es-
tablished. That is, we will have
shown that our program is experi-
mentally practicable so that one c;m
move ahead from that point into an
engineering-development project for a
fusion reactor."

• Are others in the field just as san-
guine as you are on this estimate?

"Of course you'll get all kinds of
opinions from different people. But
many of my colleagues in the pro-
gram feel just as I clo."

Three major problems. "Let me be
specific. The three major problems in
controlled fusion are impurities, heat-
ing of plasma, and confinement. Now
very significant progress has been
made during recent years, particular-
ly in the first two areas. World
effort is at the present, time being
focused on the last major roadblock:
that of plasma confinement. Even on
this difficult problem, significant prog-
ress has been made. One of the most
important instabilities, the flute in-
stability, has been suppressed in
straight systems by using minimum-
B configurations. Progress is being
made toward controlling the residual
classes of instability.

"Perhaps the thing that gives me
the greatest cause for optimism is
the fact that we are now developing
a rather close relationship between
theory and experiment.

"From all these considerations, it is
evident that the outlook for success
is increasingly encouraging. Thus, in
my opinion, it would be most un-
fortunate if this country, which built
a strong foundation in this field dur-
ing the past 16 years, should now
fall back and let other nations
achieve the fruits of success." D
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