

















reaction codes and experimental studies, led to a
re-examination of the cyclotron and a new pro-
posal for a much more versatile machine. In
October 1958 Congress authorized construction of
the Oak Ridge Isochronous Cyclotron. This ma-
chine promised a capability of accelerating many
types of particles over a wide range of energies.
Construction of the building at the X-10 "¢ was
completed in January 1961, and the ...st testing of
ORIC, under limited power, occurred in 1962 with
the first deflected beam obtained in June of that
year. The accelerator became fully operational in
late 1963 with a full range of particle energies
demonstrated. The experimental program on ORIC
began in 1964. The first heavy-ion beams from
ORIC were obtained in 1968, but these were
limited in intensity until the development of the
Penning source in 1970. This cyclotron is now one
of the most versatile in the world with a large
variety of both light- and heavy-ion beams available
for nuclear physics and chemistry research. In late
1970 the ability to accelerate polarized protons
and deuterons was added to ORIC to increase its
flexibility still further.

In 1967, part of the accelerator engineering
group under R. E. Worsham, in collaboration with
members of the Physics Division, started to apply
techniques developed in modern accelerator re-
search to the problem of designing and building a
high resolution electron microscope. The first of
these microscopes is now nearing completion.

In 1970, as an outgrowth of discussion of
possible research collaborations on a proposed new
heavy-ion accelerator (APACHE), a group of
Southern universities joined to form a users group
to study short-lived isotopes with an on-line
isotope separator at ORIC. The group raised funds
from a number of universities and colleges to
purchase a commercial magnetic separator, and
negotiated with the AEC for matching funds for
operating and equipment budgets. This facility, to
be called UNISOR, marks a new phase in collabora-
tion between the Laboratory and University scien-
tists.

During its history, the Electronuclear Division
took an active organizational role in many confer-
ences. Included are the first Conference on Reac-
tions between Complex Nuclei (Gatlinburg, 1958),
the first Conference on Sector-Focused Cyclotrons
(Sea Island, 1959), an International Conference on
Nuclear Physics (Gatlinburg, 1966), and the IEEE
National Accelerator Conferences. As a service to
the accelerator community, the division has for a
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Electronuclear Division Chronology

Electromagnetic Research Laboratory
First isolation of gram quantities of 2

44-inch cyclotron successfully operate
Construction begun on 86-inch cyclot

Joined ORNL as Electromagnetic
Division.

86-inch cyclotron achieved initial o

First isolation of gram guantities of 2

Construction begun on 63-inch cyclot

63-inch cyclotron achieved initial o)

Name changed to Electronuclear
Division.

Start of Package Reactor program.

First gram quantities of plutonium
separated.

Conceptual design for Army Packag
Reactor (APPR) completed.

Deflector installed in 86-inch cyclc

provide 22-MeV protons for nuclea
experimentation.

Construction begun on electron ¢
Analogue I.

Successful operation of APPR achieve
Analogue | operational.

Construction of Oak Ridge Isochror
clotron (ORIC) approved.

Construction begun on ORIC.
Construction begun on electron ¢
Analogue I1.

Analogue || operational.

First deflected beam from ORIC.
Electron beam extracted from Analog

ORIC operational under full power.
Nuclear physics research begun at ORI
Electron microscope program initiatec
First heavy-ion beams at ORIC.

Successful operation of polarized
source on ORIC.

UNISOR project approved.
Electronuclear and Physics Divisio
bined to form new Physics Division.































minent meeting, and my sojourn with mercury (or
any other environmental additive) was ended.

Or so I thought.

It must have been the title that intrigued
someone into actually reading the report. It was
apparently passed on and Xeroxed and circulated
and reproduced again until in a pyramidical ascent
through an invisible network it ultimately surfaced,
despite the caveat on the cover, at many points in
what can loosely be described as “official circles.”
There were still some glaring omissions in the
report, a slipshod treatment of several matters, and
certainly nothing really new or original. As a plain
matter of fact, its pU value was distinctly high at
this point in time. It apparently turned up,
however, at an hour when a harassed officialdom
needed what I like to feel was a reasonably
objective evaluation of the available information.
Bertrand Russell once classified scientists as being
either muddleheaded or narrow-minded. Perhaps
this report, about a specific topic, written for the
“intelligent layman”’ and employing a minimum of
technical terms, contained a certain hybrid vigor of
muddle-minded narrow-headedness.

Regardless, the principal actors were now
moving across the ORNL stage. Bill Fulkerson and
his Materials and Recycling Group had independ-
ently prepared an excellent study concerning the
flow of mercury through U.S. society. Decisions
were also made to bring some of the considerable
expertise at ORNL to bear upon mercury abate-
ment problems. Two reports on mercury were thus
out, the subject was definitely In, and it was now
time to get down to work and tackle the problem.

Feedback loops are always very important and
in this case not only made me very aware of
shortcomings in the initial document, but also

pU, equal to ~log, U, has been defined by Pardee
(Amer. Scientist 50: 130A, 1962) as the “Uniqueness
Coefficient’’ and serves as a measure of Unigueness
(U) of a contribution. Research on this matter (loc.
cit.) has indicated that the simple empirical relation-
ship
pU=N

can generally be applied, where N/ is the number of
investigators who simultaneously publish a similar
article. Thus, if two other authors publish on the
same subject, one's own article is only 1/100 as
unique as if it were truly unique. It should be noted
that as # — oo, pU becomes identical to the
Unimportance Coefficient {(pUg).
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ground for engineers needed to staff the power
reactors. Research on the small reactor can support
a group of nuclear scientists who are familiar with
reactor problems, and can in turn provide fruitful
interaction with engineers. Together they can form
a small center of nuclear know-how. Basic reactor-
oriented research in a developing country can be
very relevant to international development and
thus a legitimate recipient of AID funds. I won’t
try to describe all the aspects of the Sister
Laboratory arrangement. The program is adminis-
tered at ORNL by Lewis Nelson of the Director’s
Division, H. W. Schmitt of the Physics Division,
and M. K. Wilkinson of Solid State Division.
Among its activities is training Pakistani scientists
in reactor-oriented research at ORNL and sending
ORNL scientists to Pakistan to help them begin
their own independent research. A recent visitor
from Pakistan under this program was G. Dastgir
Alam, who worked in our fission group in the
Physics Division for 15 months, returning to
PINSTECH in September 1970.

Our microbus stopped at the back entrance in
front of a red carpet lined with potted flowers and
palms. The welcome, it turned out, was not for me.
The prime minister of Mauritius had visited the
place a few days earlier. The back entrance was
used because the front entrance, which is to be
graced by a modern version of a Moghul water
garden, was not yet finished. We were invited to
inspect the institute. It consists of a two-story
concrete canopy of graceful lines forming four
sides of a quadrangle. In the center will be a
garden, patterned after the famous Shalimar garden
at Lahore. Under the canopy, the buildings, all in
the same style, line the edges of the garden on
three sides of the quadrangle. The fourth side is

an, revealing a view across the countryside to
rawalpindi; the reactor dome itself stands in its
reflecting pool near the opposite side of the
quadrangle. The exhaust stack, also gilded, stands
at a discreet distance from the dome in the same
reflecting pool. The dome, an obvious target, was
covered with mud during the Indo-Pakistani war of
1965. It has never lost the scars of that camou-
flage.

Most of the buildings are not yet complete, and
our footsteps echoed as we walked through them.
Although the laboratory will some day employ
1,000 people, at this time, only the building near
the reactor was occupied, and total employment
stood at about 200. We passed through air-lock
doors into the reactor dome, wearing white over-
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shoes of the type that tourists sometimes wear
when they visit a mosque. The floor of the reactor
hall was, in fact, not unlike a holy place. It was
clean, uncluttered, and quiet — an excellent place
for contemplation; the reactor was down. Within
one week the serenity was gone. A team of Polish
engineers arrived to install a neutron diffraction
spectrometer, and our fission experiment was
getting off the ground, generating a frenetic activ-
ity of the kind we Western physicists found more
normal.

The experiment we planned had been agreed
on before my arrival. The idea was to compare
fission fragment distributions obtained from reso-
nance neutron-induced fission of plutonium-239
with distributions obtained from thermal-neutron-
induced fission of plutonium-239. The distribu-
tions were to be obtained by measuring energies of
both fission fragments from fission events in each
of the two cases. I brought with me the solid-state
detectors used to measure fragment energies, and a
zinc crystal used to select neutrons of the required
energy by diffraction techniques. I also brought
with me a variety of experimental odds and ends,
and felt relieved that I had not been put to explain
them in customs searches in Katmandu and
Varanasi.

The next few weeks were a drama of persist-
ence. Dastgir Alam and I, with our several helpers
ranging from janitors (referred to, widely, as
“peons”) to junior scientists, battled overwhelming
odds. Our techniques ranged from Boy Scout-style
self-help to cunning, from pleading to browbeating.

“Let’s move that beam stop,”” I would say.

The answer might be, “Yes, we will on
Monday.”

“‘I meant today,” I would counter.

“Fine, after lunch and the Friday prayer period
at about 2 PM.”

“NOwW!”

Sometimes it worked.

Our first task was to map out the reactor beam
and to install a rotating platform to hold the
crystal and the fission chamber. Next came orienta-
tion of the crystal, and identification of the
refracting planes. This enabled us to obtain a
diffracted neutron beam of the same energy as the
plutonium-239 resonance. At this point we found
that the construction of the fission chamber was
proceeding at a rate that would complete the job in
a little over a year. We took the matter into our
own hands. Starting from scratch, we built a simple
vacuum-tight chamber in four days. This was
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