




















influence other processes active within the eco-
system: availability of food base to secondary
producers, pollination, and rates of accumulation
and turnover of standing crop are examples.

Climatic Effects within Species

In addition to understanding the responses to
environmental factors, it is essential, in deter-
mining the growing season, to know how each
phenological event in a single season is related to
its preceding or successive phase, especially for
productivity studies. Such relationships between
events are easily discernible in the construction of
phenological strips or spectra. Within forest eco-
systems composed of diverse species, these graphic
illustrations identify species that may be in com-
petition because of their similar phenological devel-
opment. Certain widely distributed species have
been used as indicators for phenological mapping
in the Eastern Deciduous Forest Biome and in
broader regional areas. Only species having very
conspicuous phenophases with distinct events are
suitable for spectral analyses and regional phe-
nology projects. Ten species were selected for
detailed observations for the construction of
phenological spectra and to relate to current
productivity and process studies. Those selected
represent the first woody species to initiate
growth, the red maple; the dominant canopy
species of slope forests, the yellow poplar; and
certain shrubs and herbaceous species in the areas
under intensive study. Particularly noticeable is the
almost simultaneous development of the repro-
ductive phase of shrub species most characteristic
of local forest ecosystems: dogwood, redbud, and
serviceberry. This series of phenological events
precedes the canopy development of the yellow
poplar. Four of the species under study are
observed at other sites also within the Biome to
form the basis of regional or statewide phenology
programs. Variation in seasonal productivity within
species and between similar ecosystems can be
illustrated through comparative analyses of suc-
cessive or concurrent phenological spectra and
quantitative measures of biomass or increment of
growth,

Phenodynamics of Production

Phenological studies, where complemented
with quantitative measurements, provide insight
into the interactions between individual species of
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communities and their environment. The impor-
tance of various phenological events to the total
productivity of single species suggests that each
component within a community could be analyzed
in a similar manner. Such studies of growth
analysis would permit the construction of more
precise models of production for specific eco-
systems.

In the mesic tulip-poplar-dominated slope
forest at Oak Ridge, estimates of the biomass and
productivity of the herbaceous layer have been
inferred from limited data. These estimates were
obtained during one growing season and provided
no relationship to phenological development and
environmental interactions. By comparison, the
herbaceous layer in an oak-hornbeam forest in
Europe was evaluated phenodynamically during
two growing seasons, so that variations in monthly
production were directly related to climatic condi-
tions. Such analyses provide explanations for varia-
tions in total productivity within communities
from one season to the next.

Growth analysis data are presented for a single
species, mayapple, at the Oak Ridge site, to
exemplify the role of phenology in productivity
studies. The summation of similar analyses for
major or key components within communities
would provide more precise estimates of the total
productivity of the herbaceous layer. Mayapple is
used as an example because of its social occurrence
and r. id phenological development in the spring.
As one of the most conspicuous herbaceous species
to initiate spring growth in the eastern deciduous
forest, mayapple offers potential as an indicator
species for regional studies. During their first three
years the nonreproductive individuals display a
vertical shoot growth with developmental forms
distinctly different from the older, reproductive
plants. Mature plants annually produce a single leaf
from underground, horizontal shoots. Plants within
mature mayapple clones or populations exhibit an
almost simultaneous response in phenological
development. The time from leaf emergence
through the litter to date of first flowering spans
approximately three weeks. Distinct populations or
clones of mayapple occur frequently within slope
or mesic northerly exposed forests. In the yellow
poplar forest study area, mayapple is best estab-
lished in social units on low, moist sites. Being
partially clonal with moderate longevity, the
perennial populations vary in area, appearing ellip-
tical to circular in shape. Clone size among 21
populations averaged 21 square meters and ranged
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from 0.7 to 176 square meters. Plant count per
community varied from 10 to 683, with an average
of 167 plants per population.

Regression analysis of computed area to num-
ber of plants permits an estimate of population
density, providing the size of the clone is known.
Within the broader definition of the oak-hickory
association, density per square meter is less than 1,
whereas within the average clone or population it is
closer to 8. Excavation of the rhizome system of a
clone revealed that the average age of viable
underground shoots was six years, with obvious
decay of older segments, and that the population
had increased in radial growth at the rate of a
decimeter per year. This particular population had
therefore occupied the site for approximately 45
years. Phenodynamic studies of specific popula-
tions spanning many years could provide data
depicting the impact of seasonal or annual climatic
variations on production.

Beginning with leaf emergence, on year day 99,
plants were harvested at each of eight life phases.
Plants were compartmentalized into leaf, stem,
flower or fruit, and rhizome-root for biomass
estimates. Estimates of rhizome-root biomass
during the leaf emergence phase (year days 99 to
102) were considered standing crop, so that sub-
sequent estimates would reflect changes through-
out the life cycle. Biomass increased for each
component with the progression of phenological
development, reaching maximum dry weights
during the phase of unripe seeds and fruits, prior to
the onset of senescence at year day 162. At that
time rhizome-root (1970 increment) showed an
increase of 21% in dry weight above the standing
crop estimate at leaf emergence. Leaf and petiole
(aboveground stem) accounted for 57%, whereas
unripe fruits and seeds represented 17% of total
dry weight.

The underground rhizome system grows ter-
minally, producing an overwintering apical bud.
The 1971 underground shoot was initiated during
the reproductive phase, from year day 116 to 123,
and showed an increase of 4% in dry weight prior
to senescence of aerial parts. At the onset of
senescence at year day 162, leaves began to change
color. This phase was followed by leaf and fruit
drop and subsequent decreases in dry weight. Seeds
are distributed by insects and small mammals
feeding on ripe fruits. Further increases in the
increment to the 1971 underground shoot system
were accompanied by decreases in dry weight of
the 1970 season’s growth, indicating that the
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rhizome functions as a storage organ for subse-
quent growth processes. By the end of the growth
period, on year day 240, each increment in
rhizome-root, both 1970 and 1971, accounted for
25% of the biomass, with the other 50% consisting
of fallen leaf, fruit, and seeds. Biomass was
summarized per unit area within the oak-hickory
forest, where plant density is less than 1 per square
meter, and on the basis of the average mayapple
population in the Liriodendron forest study site,
with its density of 8 per square meter.

Productivity estimates per unit forest area or
average population within the intensive study area
reflect growth above the standing crop of rhizome-
root for 1970 at leaf emergence. Productivity is
maximum during the flowering phase, year days
103 to 116, decreasing rapidly through fruit
development and leaf coloration phases. The de-
crease in production between year days 163 and
181 represents a loss due to the consumption of
ripe fruits by animals and insects. As indicated in
biomass data, unripe fruits and seeds account for as
much as 17% of the total dry weight. The
phenological spectrum above the productivity
curve illustrates the relationship of various events
to changes in productivity.

The phenological development of the under-
story herbaceous flora coincides with the develop-
ment of dominant canopy species in the deciduous
forest. Many such events can be correlated with
changes in functional processes in the ecosystem:
for example, photosynthesis and respiration. Ar-
rival of host-specific phytophagous insects and
secondary consumers might well be predictable for
certain species. Availability of food base among
some species often coincides with the arrival of
specific predators, especially migrant birds.

A study of the phenodynamics of production
at different locations reveals the interactions of
meteorology with growth processes. Similarities in
phenological development between sites provide
bench marks for productivity profiles across
regional boundaries. Associated with the pheno-
logical development of species or communities are
changes in biomass and rates of productivity. And
these short-term phenological events, in turn,
represent inputs into the litter layer, subsequently
affecting the mineral cycle of the ecosystems.
Phenological considerations in productivity studies
can be of value in making predictive models of the
system’s functions, thus providing some measure of
the impact of man or man-related activities on
natural ecosystems.







Ridge developed the underlying tech-
nology of plutonium production, and
Du Pont built the Hanford reactors
in what, in retrospect, was record
time. Nevertheless we must concede
that, 30 years later, things are dif-
ferent. The blank checks of Man-
hattan Project days are unheard of.
What we do now is under very much
more public scrutiny, and much as
some of us who at the time used to
gripe about General Groves would
like to resurrect him, his methods are
no longer a real option. Much of our
big technological development — the
moon shot, for example — has been
quite properly in the hands of the
strategists.

On the other hand, where the art is
still in the state of pre-feasibility, all
my instincts tell me that the strate-
gists are wrong and the institu-
tionalists are right. And indeed, in
the controlled thermonuclear re-
search (CTR) program, which most
would judge still to be in a state of
pre-feasibility, the four individual
CTR laboratories enjoy a consider-
able degree of autonomy to work out
their own approaches.

The tension between strategists and
institutionalists can never be avoided,
simply because there is never enough
money to go around. Some central
control is absolutely necessary, be-
cause an institution will never volun-
tarily commit suicide by giving up a
pet project of its own in favor of a
competitor’s pet. Yet | think there is
a big difference between allocation
of resources — a prerogative that can
never be sacrificed by the central
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manager — and detailed adherence to
a centrally conceived master plan, in
those cases where feasibility has yet
to be established.

! use as examples of the two
different philosophies the moon shot
and CTR. But from where | sit it
seems to me that this doctrinal con-
flict is emerging in many parts of the
national research scene that have
traditionally been run by institu-
tionalists. For example, the National
Cancer Attack Act of 1971 in Sec-
tion 407 requires that the Director of
the National Cancer Institute, “with
the advice of the National Cancer
Advisory Council, plan and develop
an expanded, intensified, and coordi-
nated cancer research program en-
compassing the programs of the
National Cancer Institute, related
programs of the other research in-
stitutes, and other Federal and non-
Federal programs.” Section 410A
further requires the NCI Director to
“prepare ... a plan for the program
during the next five years.”” There is
considerable talk in Washington
about mounting a centrally directed,
massive attack on cardiovascular dis-
ease. Even in the National Science
Foundation, which traditionally has
been a strong haven of the institu-
tionalist philosophy, we see some
evidence of the strategists moving in,
at least in the more applied parts of
NSF, such as the RANN Program.

| may be misreading the tea leaves,
but | think not. These seem to be the
days of the strategists. And, in a
general way, this is probably a reflec-
tion of our society’s concern for

relevance, for science that demon-
strably helps the society. The strate-
gists put a man on the moon,
shouldn’t they be able to cure cancer
or heart disease or create nice, stable
thermonuclear plasmas that exceed
the Lawson criterion?

Thus | can understand some of the
frustration that has led to the strate-
gists’ ascendancy. And indeed, in no
case should the two doctrines be
applied exclusively. Obviously a bal-
ance is needed. To the institution-
alists | would offer a piece of advice
that runs like this: institutions al-
ways must earn the right to auton-
omy. This right they earn by two
commitments — a commitment to
excellence, and a commitment to the
overall objectives of those who give
them money. They must always be
prepared, even eager, to have these
commitments reviewed, and if defi-
ciencies are found in either of them,
to make the changes necessary to
correct the deficiencies. To the strat-
egists | have only this to say (and
here | confess to sounding like an
old-timer who likes to give lectures):
Remember that General Groves had
much institutionalist instinct. Tough
he was, but once he had confidence
in an institution and its people, his
support was unstinting. | hope
present-day strategists, whether in
hardware projects or in medical re-
search, always remember this trait of
the successful General.
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letter alone is not sufficient; we must be aware also
of the Laboratory’s current activities in order to
direct the mail to the proper person. The letter
might be a bill from a French publisher requesting
an overdue subscription fee for journals, in which
case it will be sent to the Library; it might be an
angry note from a German hotel manager, an-
nouncing that Dr. Jones, for whom a room was
reserved, did not arrive when expected and now
the hotel, having turned away customers, wants to
be paid for the room; this letter will be directed to
the Travel Office.

Occasionally, a letter actually intended for the
Technical Information Center of the AEC or the
Medical Division (research hospital) of the Oak
Ridge Associated Universities is misdirected to
ORNL. Our office must decode the true recipient
from the general context.

““‘Crackpot” letters. The fame of the Labora-
tory has spread beyond the nation’s boundaries,
and would-be inventors, people who have a new
theory to explain the mysteries of the universe,
and prophets of doom who hold scientists responsi-
ble for all miseries, sit down at their typewriters —
or worse, pick up their pens — to outline their
systems or to record their dissatisfactions. Usually,
the careless appearance and lack of letterhead
betrays this type of correspondence, but prejudice
based on appearance is a danger; in many parts of
the world, people do not attach as much import-
ance to neat typing and correct format as in this
country. It is not easy to separate the misunder-
stood genius from the impractical dreamer, espe-
cially on the basis of a single letter. Martin
Gardner’s book, “In the Name of Science,” gives
some good hints on how to distinguish oddballs,
far removed from the mainstream of science, from
original and unorthodox thinkers. Even if the letter
cannot be forwarded to anybody, it should be
answered, preferably in the same language.

Letters from the general public. In addition to
maintaining contact with newsmen and feature
writers, the Public Relations Office is also the chief
spokesman of the Laboratory to the general public.
Members of this formerly inarticulate public are
increasingly sensitized toward environmental and
public health considerations evolving from the
widespread use of nuclear energy for power genera-
tion. The Laboratory, a well-known representative
and effective advocate, is therefore at the receiving
end of advice and expression of opinion in many
foreign tongues from abroad.

Sometimes a question unexpectedly attracts
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the attention of the public; then, without any
warning, the dam breaks and the letters start
pouring in. This type of correspondence usually
includes a fair share written in foreign languages,
often in hasty, hard-to-decipher handwriting. This
occurted a few months ago when wire service
news dispatches focused worldwide attention on
some aspects of local cancer research. After the
story broke, the Laboratory was besieged not only
by a flood of correspondence and telephone calls
from this country, but also by letters, aerograms,
and cables from Argentina, France, Germany,
Italy, and other parts of the world. Communica-
tions arrived from both laymen and scientists.

All the letters deserved an understanding an-
swer, and the availability of linguists on the staff
was a boon to those who had to cope with the
problem.

Technical interpretation. The local linguist-
scientist is occasionally called to serve as an
interpreter. In spite of the prevalence of English in
scientific communication, the foreign researcher is
acquainted primarily with the written record; on
his first trip to this country he is often over-
whelmed by rapid oral discussion. Sometimes he
understands everything that is said but is unable to
express himself with ease. This usually becomes
apparent only after the first few hours of the visit,
because as a general rule, visitors overestimate their
own linguistic ability. In response to frantic calls
for help, the Laboratory’s Office of Language
Services usually manages to send somebody to the
rescue. Although none of us has any formal
training in interpreting, we found that earnestness
and some knowledge of language were very helpful
to change the visit of a group of foreign experts
from a complete disaster and waste of time for
everybody into a mutually beneficial exchange of
information.

“VIP” visitors. The Laboratory has been host
to ex-kings and presidents, senators, ambassadors,
and other public figures from many lands. Visiting
VIP’s might believe that they do not need to bring
an interpreter because they speak English, but after
a concentrated briefing on a variety of subjects feel
the need for additional explanations in their own
tongue. Often a senior linguist-scientist may take
charge of the whole event, and on the basis of his
overall knowledge of the Laboratory’s facilities, he
may act as the host and guide as well as interpreter.
Some of the more than one hundred foreign
scientists on temporary duty at ORNL have been
very helpful on such occasions.
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advised us that her boss had departed for the
weekend but probably could be reached at the
home of his wife’s parents!)

The Laboratory’s linguists have completed
successfully many such emergency contacts; in all
of these cases, the situation had to be explained to
impatient small-town switchboard operators in
various European countries in their own language
in order to enlist their assistance. The American
overseas operators.are helpful and courteous, but
usually they speak only English. The French or
Italian operators usually understand enough Eng-
lish to connect the American party with the
desired number, but complicated arrangements are
beyond their ability; one must talk in the language
of the country and, most of all, be patient.

Sometimes our colleagues ask us to use our
language experience to help them in the pursuit of
their hobby or avocation. An ORNL chemist who
is a pigeon fancier asked me to get in touch by
telephone with a French pharmacist, a resident of a
small town in northern France, and one who had
the reputation of being a crusty curmudgeon, for
the purpose of convincing him to send some of his
famous champion birds to this country. The old
gentleman, assuming that I was the pigeon fancier,
talked in great detail about his hobby, which
sounded like a more lucrative pastime than his
profession, inasmuch as he was selling the eggs of
his champions for several hundred dollars.

Language instruction. Language teaching is
another occasional activity performed by multi-
lingual staff members. At the time of each of the
first two Geneva Conferences on the Peaceful Uses
of Atomic Energy, many ORNL scientists were
sent abroad — some of them for the first time. In
order to assist them, crash courses in conversa-
tional French were organized for their benefit.
When interest in Russia was at its peak, year-long
Russian language courses were offered at the
Laboratory to about a hundred participants.

Technical exhibits abroad. Because of its repu-
tation, the Laboratory has played an important
role in many scientific exhibits held in foreign
countries. Thus, in connection with the first
reactor ever shown to the general public, in 1955
(at the First Geneva Conference), and the large
Fusion Exhibit at the Second Geneva Conference
in 1958, linguists on the staff of the Laboratory
were busy for many months checking the foreign-
language signs, proofreading information bro-
chures, and making themselves generally useful
during the preparatory phase. Later, at the site in
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Geneva, they were training the guide-interpreters
from the famous Interpreters’ School of the
University of Geneva in the rudiments of nuclear
science. A staff member was also assigned to act as
the AEC representative at the American Pavilion
devoted to atomic energy questions at the 1957
Paris Trade Fair and as technical information
director at the ‘“Atoms in Action” exhibit in
Bucharest in 1969. In both cases, knowledge of the
local language was an important factor in the
selection.

Full-time interpretation. In addition to helping
with the information transfer between foreign
visitors and their hosts at the Laboratory for a few
hours, the combined technical knowledge and
needed language skill of at least one staff member
was recognized and used also outside of local
needs. The services of Joe Lewin, nuclear engineer
with the Neutron Physics Division and a native
speaker of Russian, have been requested repeatedly
by the AEC; he has acted as guide-interpreter of
Russian scientific teams visiting the United States
and delegations of American scientists in the Soviet
Union while on leave from his regular job. His
fluency in both languages, combined with his
technical proficiency, give him considerable value
in such situations. Most recently, he was inter-
preter for Glenn Seaborg when the latter visited
the Soviet Union in the company of a few
associates, on his last official trip, in August 1971,
as chairman of the AEC.

THE AMERICAN SCIENTIST cannot dismiss
the language problem; simplistic solutions, placing
the burden on the shoulders of the other party in
the communication process, are not valid anymore.
For more than a decade after the war, many
American technical men felt that a paper not
written in English was not worth his time; the
advent of Sputnik, Volkswagen, and Sony, with
their implications for tremendous technical
achievement in other countries, has resulted in
major changes in the ranking of the leading
industrial countries. As a result of this, the general
outlook of English-speaking scientists is affected,
and their belief in their supremacy must be
reexamined.

Recent data reveal that although English is the
leading language in printed scientific communica-
tions, Russian is firmly in second place in a number
of fields: chemistry, physics, geology, mathe-
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OPTIMAL STOPPING

The following problem, known by different names as
“The Secretary Problem,” “The Marriage Problem,”
“The House Hunting Problem,” ‘‘Googol,” and
others, has attracted the attention of some mathe-
matical statisticians. Suppose a number n of appli-
cants interview for the position of a secretary. |f we
could observe them all, we could rank them abso-
lutely from the best {rank 1) to the worst (rank n).
Suppose they appear for an interview one by oneina
random order, and the decision whether each is hired
or not has to be made immediately after the
interview. After / number of interviews, we can
observe the /jth applicant’s rank relative to the 7 — 1
hopefuls already interviewed. The problem is to find
an optimal procedure that will assure us the choice of
a good secretary in the set of n applicants. In other
words, if we hire the first person who takes the
interview, we will never know whether we picked the
best or not; similarly, if we do not hire the first, we
might have rejected the best, since we cannot recall
any of the applicants. |s there an objective approach
for this problem?

One may set up a criterion, and ask for the best
possible strategy. A possible criterion is to maximize
the probability of hiring the best candidate. In order
to accomplish this, the optimal strategy turns out to
be the following: Interview a certain fraction 1/e of
the candidates (without making an offer) and rank
them. Hire the next one if the next one is better than
all the previous candidates; otherwise keep inter-
viewing till you find the applicant who surpasses the
preceding ones. Remember, you have to hire the last
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one left, if you have not decided before that time.
For large numbers of candidates, Columbia Uni-
versity’s Robbins et al. have arrived at 1/e = 0.36787.
For a moderate number of candidates, like n = 8, or
9, or 10, it turns out that you interview the first four
without hiring, and assign ranks to them, Then select
the next applicant who ranks fifth. In adopting this
procedure, you are assured that the probability of
hiring the best is maximized. This is based on the
assumption that the applicants appear for the inter-
view in a random order. In the Marriage Problem, this
procedure is analogous to passing up the first few
prospects (call it experience, if you wish) and then
accepting the very next one if it is better than all the
previous ones.

The approach can draw upon other criteria. One
that is also studied by mathematical statisticians is
that of minimizing the expected absolute rank of the
applicant who is ultimately hired.

ARE PRODUCTS SQUARES?

It can be easily seen that the product of any two
consecutive natural numbers can never be a perfect
square. Similarly, it can be proved that the product of
any three consecutive natural numbers cannot be a
perfect square: At the turn of the century a lot of
research was done to show that the product of any k
consecutive natural numbers is not a perfect square,
for specific values of k. Is this true in general?
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than eight months the pile was complete and the
University of Chicago physicists had begun pre-
operational testing. The plutonium separation pilot
plant was nearly complete, and testing of the
equipment was started in that facility, also. Frank
Bruce, who at that time worked in the analytical
lab in the pilot plant building, remembers being
impressed by the smoothness and the buisnesslike
manner with which the Du Pont people carried out
the preoperational tests and check-out procedures.
This first large-scale radiochemical processing facil-
ity had five feet of concrete shielding around all
the processing equipment, making it necessary to
employ remote controls and to operate the system
without being able to see it; but they made it
work, right from the start.

The pile started up in November 1943, reach-
ing criticality at 5:00 AM on November 4, almost
exactly nine months after ground was broken.
Arthur Holly Compton, director of the Met Lab,
was spending considerable time in Oak Ridge in
those days. Ernie Wollan recalls coming down by
train from the Met Lab for the pile startup with a
group that included Enrico Fermi and Norman
Hilberry. Wollan looked for neutron leakage
through the top of the shield and found the
shielding to be adequate, as predicted. He also
checked for neutrino emissions, which were ex-
pected to pass easily through the shield, if they
were present. He established that the highest
possible number of neutrino emissions anticipated
could not present a radiation hazard.

After the pile had been operating a few weeks,
the first “hot” runs to separate plutonium in the
pilot plant were started on December 19, 1943.
Among those operating the pilot plant at that time
were John Gillette, Harris Blauer, Roscoe Pressley,
Stanley Rimshaw, Harvey Mahlman, D. C. King,
and Claude Keck.

The early research and development on fission,
on uranium isotopes separation, on plutonium
production, and on related matters had been
performed mainly at Columbia University, the
University of Chicago, the University of California,
and Iowa State College under the Office of
Scientific Research and Development, directed by
Vannevar Bush. In August 1942, the Manhattan
District was organized under the Corps of Engi-
neers to carry out the large-scale construction and
production activities of the atomic bomb project.
In September 1942, Brigadier General Leslie R.
Groves was placed in complete charge of the
Manhattan District. It was he who selected the Du
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Pont Company to design and construct the Clinton
Laboratories plutonium pilot plant and the produc-
tion facilities at Hanford.

Stone and Webster Engineering Corporation
had originally been selected as the overall engi-
neering and construction firm for the Manhattan
District, but it soon became apparent that the
various parts of the work were too widely sepa-
rated physically and too complicated technically to
be handled by a single company. Stone and
Webster built the Y-12 Plant and some of the
townsite facilities, Du Pont built the X-10 facil-
ities, and J. A. Jones Construction Company the
K-25 complex. Many subcontractors came in to
build the houses, dormitories, and miscellaneous
buildings of the town. Roane-Anderson Company,
a special subsidiary of Turner Construction Com-
pany, was the rental and maintenance agent for the
houses, dormitories, and commercial property on
the Clintc Engineer Works townsite.

On that February day in 1943 when construc-
tion started, several farms still occupied the X-10
site. The Bethel Valley road was in existence —
along its old route north of the present road — but
it was not paved. Solway Bridge and the old
wooden-planked Edgemoor Bridge were standing,
but there was only a ferry at the White Wing (State
Highway 95) crossing of the Clinch River. J. A.
Jones Construction Company installed a pontoon
bridge to replace the ferry in 1942, and this bridge
continued in use, with some modifications and
improvements, until the present bridge was built in
1963. Railroad spurs were built by the Louisville
and Nashville Railroad to serve the townsite and
the Y-12 Plant and by the Southern Railway to
serve the K-25 Plant, but there was no railroad spur
to the X-10 site. All materials for the Clinton
Laboratories had to come in by truck. Before Oak
Ridge’s rail spurs were built, “Byington, Tenn.” (a
small community near Karns) was the railroad
destination for many L&N shipments.

Hezz Stringfield was hired by Du Pont as an
accountant for Clinton Labs on March 1, 1943. His
first work location was the Scarboro School (where
the UT-AEC Agricultural Research Project is now
located), which was used for offices until some of
the buildings at the X-10 site could be occupied.
When the roof and exterior walls of the Admini-
stration Building were finished on May 1, 1943,
office workers moved in, even though the interior
partitions had not been installed. These were
finished while the building occupants moved about
to stay out of the workmen’s way. The Scarboro
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the Met Lab prepared the first pure chemical
compound of plutonium free of carrier material —
it was the first time anybody had seen plutonium
— and on September 10, 1942, the first weighing
of a pure plutonium compound occurred: 2.77
micrograms of PuO,. By February 1943, Du Pont
engineers were designing the plutonium separation
pilot plant, and in March, excavation for the
building foundations was under way.

The work of the chemists and physicists was
complicated by the lack of data on the fission
products. Many fission products had not been
identified, the yields of various fission products
were not known, nor were the half-lives, the
radiations emitted, the decay schemes, or the
neutron absorption cross sections. The possibility
that some of the fission products might absorb so
many neutrons that the pile could not operate was
a real worry in the early days. Two of the
rare-earth elements, samarium and gadolinium,
were known to be among the fission products and
to have high neutron absorption characteristics.
Lyle Borst and his associates irradiated samples of
these elements in the Clinton Pile to determine
their poisoning effects. They concluded that these
two elements would not cause serious problems.
However, soon after the Hanford startup, the worst
fears of the chemists and physicists were realized:
the Hanford pile was indeed poisoned, and it
appeared for a while that full-scale production
operation might not be possible. Needless to say,
Clinton Laboratories and the Met Lab accorded
this problem highest priority. Soon they identified
the culprit as fission product xenon, which has a
neutron absorption about a thousand times as large
as anything previously known. It was then possible
to work out a method to overide the poisoning
effects of xenon and thus to permit operation of
the Hanford piles in a satisfactory manner.

The design power level of the Clinton Pile,
1000 kW, had been chosen with the knowledge
that it would produce about one gram of pluto-
nium per day at that power level. Designers wanted
the concentration of plutonium in the irradiated
uranium fuel to be at least one part per million.
Expecting the pile to contain about 60 tons of
uranium (approximately 60 million grams), they
figured that after a couple of months at 1000 kW
the fuel would contain 1 ppm of plutonium. They
planned to process the irradiated fuel in !;-ton
batches at the rate of one batch per day, so the no-
minal plutonium production capacity of the pilot
plant at Clinton Laboratories was %5 gram per day.
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One of the most difficult problems was that of
developing a satisfactory method of encasing the
uranium metal fuel slugs in aluminum to prevent
their oxidation in the pile. The first attempt at
solution involved hot dip processes with zinc-
aluminum alloys, but these gave thin coatings
which were easily penetrated by scratches in
normal handling. Electroplating gave better coat-
ings but required too elaborate a process. Alumi-
num cans, sealed by resistance welding, were
adopted; but trouble with leaky welds developed.
Prior to the first loading of fuel into the pile there
was in fact a frantic period of developing pro-
cedures to test the aluminum jackets for leaks and
to perform leak tests on the inventory of finished
fuel slugs which had been canned by Alcoa.
Initially the test was to heat the slugs to 300°C for
ten hours under a hydrogen pressure of two
atmospheres, immerse the slugs in liquid, and look
for bubbles of hydrogen. Ted Arehart was assigned
to this work when he came to Clinton Labs as a Du
Pont employee in July 1943. After some 70 tons
of fuel had been tested, the investigators dis-
covered that some of the slugs passing the test
contained hydrides, indicating that sometimes the
hydrogen reacted with the fuel and thus would not
make bubbles even though the jacket was leaky.
Dick Lyon, with C. M. Cooper at the Met Lab,
designed test apparatus to apply 200 psi of
nitrogen pressure to the welded end of the slug and
measure the deflection of the other end of the can
to detect any bulge caused by nitrogen pressure
leaking in. This test rejected 45% of the slugs that
had been received at Clinton Labs, but the ones
that passed went into the first fuel loading of the
pile. Better methods of canning in aluminum with
silicon bonding ensued, and better sealing resulted
from arc welding under an argon atmosphere. A
new and simpler test was adopted: heating the
slugs to 500°C for ten days and measuring the
weight change as a means of detecting oxidation
due to leakage. Testing of the first batch of
104,000 of Alcoa’s new slugs was completed in
February 1945. With the new canning method and
the new testing procedure, rejects ran less than 4%,
and neither the Clinton nor the Hanford piles
experienced much difficulty with failures of the
aluminum jackets.

Within a few days after startup, the pile
attained a power level of 500 kW, which gave a
maximum slug surface temperature of 100°C. Ina
short time, a power level of 800 kW was reached
by plugging some of the unfueled outer channels to
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By Arthur H. Snell

An Eye on the Future

The Collected Works of Leo Szilard: Scientific
Papers. MIT Press (1972). 770 pp., $17.50.

LEO SZILARD (1898—1964) was not by
nature an executive. He was more an individual of
the lone intellect. Not for him the organization of
teams, the wrestling with regulations, and the
drudgery of detail. Hence he has never been as
conspicuous in the history of the nuclear age as
have been men like Compton, Groves, Lawrence,
and Oppenheimer. Yet he was just as farsighted as
any of them. Above all, he knew where to
concentrate his effort for maximum effect. Of
course that was true of Fermi also, and Fermi was
a more prolific genius. Yet in making this compari-
son another factor comes in: Szilard, with all of his
scientific penetration, was also a great humanist.
He liked to work where the problems were, and
when he thought that humanistic problems tran-
scended those of the laboratory, he shifted his
interest and his efforts into what he felt to be more
important.

This memorial volume of his scientific works
(the record of his humanistic work is to appear
separately) has been assembled by Bernard Feld,
Szilard’s principal collaborator in nuclear research
in the United States, and Gertrud Weiss Szilard,
whom he married in 1951 when he was 53. It is
arranged according to the chronological phases of
Szilard’s activities, each having a gracious intro-
ductory essay setting Szilard’s contribution into
the technical perspective of the time. Thus we have
Carl Eckart explaining how Szilard’s graduate
papers, written in Berlin, resolved the paradox of
Maxwell’s demon and the second law of thermo-
dynamics; Maurice Goldhaber summarizing the
contributions to early nuclear physics in England
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between 1933 and 1938; Bernard Feld writing on
the Plutonium Project days; Aaron Novick describ-
ing his years of collaboration with Szilard in
microbiology in Chicago. Following each of these
essays, the associated Szilard papers are reproduced
in extenso, many in photoreproduction of the
manuscripts with his handwritten emendations,
and this has the effect of making his contact with
the reader personal and alive. Finally, the patent
papers are reproduced, and here we see that
Szilard, the physicist, biologist, humanist, had also
a strong touch of the engineer.

But let us discuss some parts of Szilard’s career
a little more closely. Consider the paper on
Maxwell’s demon, prepared in 1925 and published
in 1928. The demon, it will be recalled, sat by a
tiny aperture in a partition that separated two
chambers in a gas-filled enclosure. By exercising
intelligence, it allowed the faster molecules to pass
in one direction only, and thus permitted one
chamber to get warm and the other cold; in other
words, it caused the entropy of the system to
decrease without expenditure of energy, in viola-
tion of the second law of thermodynamics.

The concept thus stated may seem artificial,
but Maxwell recognized it as a paradox. Szilard
reformulated the demon in more modern terms: a
device, consuming negligible energy., can be imag-
ined that would pass only the peaks of thermal
noise, and thereby cause one part of a system to
heat up at the expense of another. He found the key
to the paradox in the fact that the device would
have to sense the thermal noise, and this process of
measurement and its utilization led to an increase
of entropy that compensates the decrease caused
by selection of the fast molecules. He proved this
for the general case. This was the first connection
that appeared between entropy and information,
and although it would be too much to claim that
Szilard was the founder of information theory, he
did indeed make this early and significant contribu-
tion. It is easier to recognize him as a young man
whose graduate-school thesis resolved the paradox
of the demon, and considering that the paradox
had stood for over fifty years, one can justifiably
applaud. Not bad for a young man; a keen kid.

In 1933 Szilard moved to England, and here his
interest in nuclear physics matched the general
excitement of the times. In particular, while
walking in London he was contemplating a current
remark by Rutherford that speculations about
large-scale release of nuclear energy were ‘“moon-
shine,” and in waiting for a traffic light to change
he was struck with the idea that the newly
discovered neutrons might hold the answer rather
than the charged particles that Rutherford had in
mind. From then on the idea of the neutron chain
reaction was in his mind. He started experiments
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