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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report, or
that the use of any information, apparatus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from
the use of any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any em
ployee or contractor of the Commission, or employee of such contractor, to the extent
that such employee or contractor of the Commission, or employee of such contractor
prepares, disseminates, or provides access to, any information pursuant to his employ
ment or contract with the Commission, or his employment with such contractor.
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Brookhaven National Laboratory is operated by Associated Universities, Inc., under contract
with the United States Atomic Energy Commission. Nine northeastern universities sponsor Associated
Universities, Inc. Two representatives from each university, one a principal administrative or corpo
rate officer and the other a scientist, form the Board of Trustees of AUI. In addition, the Board itself
selects three Trustees-at-Large. Their purpose is to insure adequate representation of any scientific
discipline in which the corporation may undertake work and to provide general flexibility in methods
of operation. The composition of the Board as ofjune 1959 is shown in the table below. The officers
of AUI are shown on the organization chart for the Laboratory (Figure 1). AUI has appointed five
visiting committees to Brookhaven National Laboratory to provide a continuing independent
evaluation of the research program. These committees cover the fields of biology, chemistry, engi
neering, medicine, and physics, and report annually to the Board of Trustees.
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During the past year the Atomic Energy Com
mission made a study of the long-range role of the
national laboratories operated under contracts
with the Commission. As part of the background
for this study, Brookhaven was asked to prepare a
comprehensive report on the long-range objectives
of the Laboratory, its present technical program,
and its plans for the future. The Laboratory thus
had occasion to review the basic concepts and
philosophy on which it was founded, to determine
the degree to which its original objectives have
been realized, and to appraise its present activities
and its role in the national welfare - all for the
purpose of enabling Brookhaven to make the most
effective contribution possible. It therefore seems
appropriate in this introduction to emphasize some
of the aspects of this analysis rather than the prog
ress made during the past year, although reference
will be made to a few important and typical scien
tific activities. A more complete account of the
year's activities and operations is presented in the
later sections of this report.

THE NATIONAL lABORATORY CONCEPT

In this discussion of the national laboratory con
cept, the aspects particularly characteristic of
Brookhaven will be emphasized. Basic to any con
sideration of the proper role of a national atomic
energy laboratory is an assessment of the objectives
of the national program in nuclear science and
technology. These include:

1. Development ofa comprehensive understand
ing of the underlying sciences. Experience has
shown that this can best be achieved through a
broad program of fundamental research conducted
in the scholarly tradition without undue concern
for application.

2. Effective and expeditious development of
atomic energy applications of direct use to the
Government, notably for national defense.

3. Development of applications in the general
public interest in such fields as medicine, agricul
ture, and industry - including, of course, nuclear
power.
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4. Exploitation of nuclear phenomena and tech
niques as tools in conducting basic and applied
research in appropriate non-nuclear fields of science
and technology.

5. Education and training ofscientists and engi
neers in nuclear science and technology, and the
general dissemination of scientific and technical
knowledge.

The Federal Government's responsibilities in
furthering science and technology have not always
been fully recognized. Fundamental research was
long supported almost entirely by the universities;
civilian applications were preponderantly indus
trial in origin, hence limited in scope by foreseeable
financial returns; only military applications and a
few technical fields were predominantly within the
province of the Government. Practical develop
ments were mostly ofa stepwise nature and seldom
exploited the full potentialities of basic research.

Remarkable changes have transpired within the
past two decades, largely as a result of World War
II. The vital role of science and technology, the
value of basic research, and the importance of
long-range programs are far more widely recog
nized. Government has assumed an important role
in all science and technology.

Nowhere have these changes been more pro
found than in the field of nuclear energy. During
the war, as a part of the Manhattan Project, there
were established a number of large, federally
financed, contractor-operated laboratories, such as
Argonne, Oak Ridge, and Los Alamos. Following
the war, it became apparent that their operation
should be continued, most urgently for weapon
development but for other purposes as well. Clear
ly, atomic energy would greatly affect many areas
of science and technology. Nuclear power gave
promise of replacing that obtained from the dimin
ishing supply offossil fuels. Both in direct applica
tions and as tools for research, nuclear techniques
seemed certain to have great impact in medicine,
in agriculture, in industrial processes, and in al
most every field of science. Their staffs and equip
ments made these laboratories ideal establishments
for pursuing these objectives.



A primary need was that of intensifying research
in nuclear science proper and in the application
of nuclear techniques to research in other fields.
Through ONR and later AEC, substantial support
was given to universities and other private institu
tions; new and modern equipment was provided;
research staffs were augmented. However, many
important phases of the work required large and
expensive facilities whose construction, operation,
and effective use were beyond the capacity of most
private institutions. Such work seemed better
suited to large, federally supported centers such as
the national laboratories. To realize maximum
effectiveness, particularly in basic research, it was
essential to make the large facilities available to
the scientific fraternity as a whole. Thus was born
the concept of cooperative national laboratories to
serve as centers in which large machines and other
specialized equipment could be utilized by scien
tists from many institutions.

This cooperative concept had most cogent ap
peal, perhaps, in the Northeastern States, which
include a large number of the country's most ac
tive and distinguished scientists. Since none of the
continuing wartime laboratories was located there,
the universities of the area cooperated with the
Government to establish Brookhaven National
Laboratory, dedicated to research and emphasiz
ing cooperation in the use of large machines.

Thus was established the national laboratory
pattern. Each laboratory has important responsi
bilities for certain phases of the national program.
In addition, each has a wide spectrum of related
activities. Those emphasizing applied research and
development also have comprehensive programs of
basic research, and vice versa. Research in physics,
chemistry, and metallurgy is common to all, as are
programs devoted to the physical and biological
effects of radiation. Research programs in basic
biology are carried out at most of the laboratories,
medical research at some.

These laboratories are national in the broadest
sense. They are supported by the nation and are
similar to federally financed laboratories in other
fields in that each carries complete or partial re
sponsibility for one or more facets of the national
program in atomic energy. Moreover, they have
in varying degrees added a new dimension to the
government laboratory concept - nation-wide
cooperation in research. This cooperation does
much more than aid the laboratory programs; it is
effective in the advancement of science and the
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invigoration of the traditional institutions partici
pating in the work.

The national laboratories have played a domi
nant role, and the soundness of the concept has
been proved. Their scientific and technical con
tributions have been crucial in many fields. They
have contributed to the education and training of
large numbers of scientists and engineers. The suc
cess of the cooperative concept has been attested
by the increasing instances of its adoption else
where and in other scientific fields.

To continue their effective roles, the laboratories
must be alert to and feel responsibility for far
reaching advances throughout the nuclear field.
Each must be diversified in order to promote inter
relationships between scientific and technical dis
ciplines, to exploit the use of major facilities in dif
ferent programs, and to promote cooperative re
search in many fields throughout the country. Each
laboratory must be strong and vigorous, with the
flexibility to match its talents to the program needs
as they arise.

In turn, the laboratories must have strong sup
port within the AEC. They must continue to be
recognized for what they are - integral parts of the
Commission's system with broad responsibilities.
They must be given broad authority, both in their
scientific programs and in administrative matters,
and thereby encouraged to develop fully their par
ticular potentialities. Substantive support must in
clude not only operating funds but also the con
tinuing provision of adequate physical plants, and
especially of adequate technical facilities to meet
the ever-changing demands of the pursuit of new
knowledge.

Brookhaven is convinced that the nationallabo
ratory concept will be of growing importance in
the years ahead and believes firmly in its own fu
ture. The national laboratories and their staffs al
ready constitute a precious national asset and will
become increasingly vital components of the scien
tific and technological resources of the nation. The
laboratories can, and must, continue to provide
achievements in nuclear science and related fields
that will ensure that the nation is in the forefront
of these fields. Moreover, they must provide that
quality of scholarly research which is the key to
future accomplishment by themselves and by
others.

As the atomic energy industry matures, the re
sponsibilities of the laboratories for immediate
goals will naturally diminish. Their principal ef-
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Table 1

Organizational Expendi""'" - FiJcal1957, 1958, 1959
(Includes Operating, Services to Fixed Aaetl, and Wark for Othen.

Direct Coo.. ofAGS and Other Fixed Assets and Additiom to Inventory An: Not Included;
See Tab1.. 3 & 4)

Salaries, Wages, Insurance
Man-Years

Consultants Material Subcontracts Total %
& Temporary & & Special Miscellancoua Organizational of Scientific

Staff Employees Travel Suppli.. ProcurementJ Power (Net) Coo.. Total (Incl. Gu....) Othen Total

Phylics & Chemistry Research 1959 3,061,815 136,965 121,780 948,083 327,064 24,527 - 4,620,234 24.8 209.0 202.0 411.0
1958 2,533,881 127,662 94,859 683,537 298,681 31,682 - 3,770,302 21.3 210.0 171.5 381.5
1957 2,118,366 121,136 62,664 690,781 I 53,805 60,355 - 3,107,107 21.6 196.0 164.0 360.0

Biology, Medicine &. Biophysics Research 1959 1,799,455 60,616 86,270 464,580 -21,324 - (10,920) 2,421,325 13.0 97.5 180.0 277.5
1958 1,457,015 60,152 72,079 330,976 36,809 - (8,001) 1,949,030 11.0 85.0 159.5 244.5
1957 1,295,548 43,526 47,063 256,357 7,647 - (5,103) 1,645,038 11.4 91.5 154.0 245.5

Nuclear Engineering Research 1959 1,655,173 39,546 66,091 491,674 536,224 10,154 - 2,798,862 15.0 79.5 151.0 230.5
1958 1,425,945 32,136 51,368 426,081 1,662,173 - - 3,597,703 20.3 83.5 130.0 213.5
1957 1,166,905 22,579 47,588 388,640 931,284 - - 2,556,996 17.7 81.5 110.0 191.5

Training &. Education 1959 39,804 3,924 7,042 25,176 ! 6,314 - - 82,260 0.4 7.0 2.0 9.0
1958 19,324 8,220 9,098 2,217 59,298 - - 98,157 0.6 8.5 0.5 9.0
1957 21,389 4,238 3,406 3,790 - - - 32,823 0.2 2.0 1.0 3.0

Radiation Protection 1959 312,931 1,395 1,876 51,063 - - (3,675) 363,590 1.9 8.5 38.0 46.5
1958 291,109 1,284 1,858 43,421 , - - (1,573) 336,099 1.9 11.0 36.5 47.5
1957 265,909 1,073 1,378 46,270

!
- - (8,514) 306,116 2.1 10.0 37.0 47.0

Supporting Scientific & Technical Services 1959 2,374,179 12,742 16,680 355,729 i 3,360 400,365 (278,709) 2,884,346 15.5 26.5 304.0 330.5
1958 2,066,535 16,890 18,975 346,487 69,299 420,449 (256,551) 2,682,084 15.1 29.5 287.0 316.5
1957 1,766,212 10,277 15,405 274,860 - 496,884 (270,775) 2,292,863 15.9 27.5 263.5 291.0

Security &. Plant Protection 1959 528,953 698 609 7,240 - - 2,407 539,907 2.9 - 80.0 80.0
1958 503,223 133 896 12,681 - - 2,552 519,485 2.9 - 81.0 81.0
1957 459,383 - 762 10,171 - - 2,088 472,404 3.3 - 82.0 82.0

MiscellanooUi (including Lighting, T & T, 1959 653 158,757
i

293,720 707,613 1,160,743- - I - 6.2 - - -
Heating Fuels, Special Maintenance, etc.) 1958 - - 495 118,650 - 289,875 956,898 1,365,918 7.7 - - -

1957 - - 431 132,780 - 195,640 572,920 901,771 5.7 - - -
General and Administrative 1959 3,144,536 23,936 80,034 369,155 2,554 - (139,346) 3,480,869 18.7 7.0 479.0 486.0

1958 2,747,959 36,092 62,110 369,673 - - (109,493) 3,106,341 17.6 - 453.5 453.5
1957 2,460,312 20,279 66,672 272,598 822 - (150,010) 2,670,673 18.5 5.0 441.5 446.5

Laboratory Total 1959 12,916,_ 279,822 381,035 2,871,457 896,840 728,766 277,370 18,352,136 98.4 435.0 1,436.0 1,871.0
1958 11,044,991 282,569 311,738 2,333,723 2,126,260 742,006 583,832 17,425,119 98.4 427.5 1,319.5 1,747.0
1957 9,554,024 223,108 245,369 2,076,247 993,558 752,879 140,606 13,985,791 97.0 413.5 1,253.0 1,666.5

AUI Administration 1959 - - - - - - 178,100 178,100 0.9 - - -
1958 - - - - - - 158,000 158,000 0.9 - - -
1957 - - - - - - 150,000 150,000 1.0 - - -

Total AUI and BNL 1959 12,916,_ 279,822 381,035 2,871,457 896,840 728,766 455,470 18,530,236 99.3 435.0 1,436.0 1,871.0
1958 11,044,991 282,569 311,738 2,333,723 2,126,260 742,006 741,832 17,583,119 99.3 427.5 1,319.5 1,747.0
1957 9,554,024 223,108 245,369 2,076,247 993,558 752,879 290,606 14,135,791 98.0 413.5 1,253.0 1,666.5

Work for Othen, Direct Coots Only 1959 49,964 2,031 1,815 68,395 549 - 8,314 131,068 0.7 4.5 4.5 9.0
1958 53,923 72 4,333 65,433 420 - - 124,181 0.7 9.0 8.0 17.0
1957 97,155 11,451 35,045 92,118 - - 49,377 285,146 2.0 11.0 14.0 25.0

Grand Total 1959 12,966,810 281,853 382,850 2,939,852 897,389 728,766 463,784 18,661,304' 100.0 439.5 1,440.5 1,880.0
1958 11,098,914 282,641 316,071 2,399,156 2,126,680 742,006 741,832 17,707,300" 100.0 436.5 1,327.5 1,764.0
1957 9,651,179 234,559 280,414 2,168,365 993,558 752,879 339,983 14,420,937t 100.0 424.5 1,267.0 1,691.5

'1420,606 of this total was distributed to Fixed Assets and as services to Work for Oth.... and Inventory.
"1497,729 of this total was distributed to Fixed Assets and as services to Work for Oth.... and Inventory.
tS447,475 of this total was distributed to Fixed Assets and as services to Work forOth.... and Inventory.
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Figure 2.

community and the Government, Brookhaven has
become a research center in which the Laboratory
staff and scientists from other institutions located
predominantly in Northeastern United States car
ry out fundamental and applied research in the
nuclear sciences and related subjects as an integral
part of the AEC's nation-wide program.

The Laboratory is operated under contract with
the AEC by Associated Universities, Inc. (AUI),
a nonprofit corporation sponsored by nine leading
northeastern universities and chartered under the
education laws of the State of New York. AUI also
operates the new National Radio Astronomy Ob
servatory in West Virginia under contract with the
National Science Foundation.

The ultimate source of policy for AUI is a Board
of Trustees consisting of one scientist and one ad
ministrative officer from each of the sponsoring
universities and three Trustees-at-Large elected by
the Board. The executive staff is headed by a full
time President who is also an ex officio member of
the Board. Management of all phases of the Lab
oratory's activities is vested in a Director ap
pointed by the Board.

AUI has played a vital role in the planning and
building of Brookhaven. In determining policies
the Trustees act as individuals, using the experi
ence and wisdom gained at large universities.
Their active interest and counsel have guaranteed
sound policies and vigorous prosecution of the sci
entific program. The backing of the nine universi
ties that sponsored AUI contributed materially to
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BROOKHAVEN NATIONAL lABORATORY

forts should continue to be applied to problems in
nuclear and related fields. However, from a re
stricted focus on "atomic energy," born of neces
sity, their interests will develop toward broader
horizons. This is as it should be. It is impossible,
and indeed obstructive, rigidly to channelize the
thinking of first-class scientists; arbitrarily to
bound their activities would be to lose much that
is irreplaceable. The laboratories, the Commission,
and Congress should increasingly recognize that
the laboratories' program is the people's program
and as such need not be narrowly defined.

The concept of Brookhaven National Labora
tory originated with a group of university scien
tists seeking ways and means of providing the
northeastern region with large, complex, and ex
pensive research tools that could not be made
available at their home institutions. These tools
were essential if the scientists of the region were
to contribute to the development and exploitation
of nuclear energy. In this grass-roots origin, Brook
haven is unique amongst the national laboratories.
In a very real sense Brookhaven originated as a
natural extension of our higher educational sys
tem. By means of federal funds, additionallabora
tories and facilities were made available to univer
sity scientists and graduate students and also to
scientists and engineers from industry. Established
as a cooperative venture between the university
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the recruitment of a competent scientific staff, es
pecially at the outset, and has assured the coopera
tive nature of the whole project.

LABORATORY OBJECTIVES

The principal objectives of the Laboratory are
1. To seek new knowledge in the nuclear sci

ences and related fields, with emphasis on pro
grams requiring large-scale research tools, such as
nuclear reactors, accelerators, and speciallabora
tories, that are unavailable at most universities
and beyond the scope of most or all individual in
stitutions.

2. To encourage appropriate use of its facilities
by scientists from university, industrial, and other
laboratories.

3. To assist the AEC in the solution of specific
problems through the use of the Laboratory's
unique facilities or the special talents of its staff.

4. To serve as an important auxiliary in the
training of scientists and engineers and otherwise
to assist in the dissemination of scientific and tech
nical knowledge.

THE SCIENTIFIC STAFF

To maintain its cooperative role, Brookhaven
must make its facilities and its scientific and tech-
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nical knowledge available to a much larger group
of scientists than can be present on the regular
staff at anyone time. Consequently the Labora
tory provides flexible appointments for visiting
scientists from other institutions and for graduate
students pursuing doctoral theses; it also offers
nonstaff Research Associateships to promising
postdoctoral candidates not associated with other
institutions. These are comparable to fellowships
and limited in tenure to two years. Such appoint
ments not only increase the productivity of the
Laboratory but also stimulate the interchange of
ideas between groups; the visiting scientists gain
a breadth of experience in unusual fields, which
they can apply to good advantage in their research
elsewhere and in the training of future scientists.
The participation of numerous foreign nationals
has added much both through the work they do
and, more importantly, through the stimulation
and exchange of ideas resulting from their pres
ence. Furthermore, the experience they gain and
the friendly relationships established contribute
significantly to the Atoms-for-Peace program.

To enhance the rotation of young scientists with
differing training and experience and to permit an
adequate selection process, while at the same time
protecting the interests of the individual, term ap
pointments are used in the junior classifications of
the Brookhaven staff proper, and a limit is set to •
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the permissible tenure in those classifications. This
procedure is modeled closely after those used in
many of our leading universities.

Continuity in the research programs is achieved
by granting tenure to senior scientists, as is custom
ary in academic institutions. Indefinite appoint
ments, but without tenure, are given to selected
individuals to provide for certain skills and oper
ating functions. Approximately one fourth of the
staff have tenure appointments, one fourth indefi
nite appointments, and one half term appoint
ments.

The growth of the scientific staff from July 1950
to July 1959 is shown in Figure 3. The number of
man-months of work performed by the scientific
staff is plotted for each month. The graph gives,
therefore, an indication of scientific services ren
dered and also represents the average number of
scientists working at the Laboratory full time each
month. Salaried visitors include scientists and en
gineers on leave from their own institutions, grad
uate students engaged in doctoral investigations
while on leave from their graduate schools, post
doctoral research associates on one-year appoint
ments, and temporary appointees whose services
are in some measure requested by Brookhaven.
Guests include scientists and engineers who par
ticipate in the Brookhaven program but receive no
remuneration from the Laboratory.

The scientific staff at present (June 1959) con
sists of 306 scientists and engineers on the Brook
haven staff proper, approximately 75 Research
Associates, and some 300 visitors from other insti
tutions, nearly all of whom work on an intermit
tent basis, the average number present at anyone
time during the academic year being about 80. In
addition, about 75 visiting scientists are on the
scientific staff during the summer months. Some
60 foreign nationals are in residence on temporary
appointments as research associates or visiting
scientists. The scientists are assisted by a staffof
approximately 1630 (more in the summer), of
whom approximately 60% directly support the
scientific program through the use of their special
training or technical skills.

Of the 306 scientists and engineers on the
Brookhaven staff proper, approximately two thirds
hold doctoral degrees: in biology and medical re
search, 100%; in the physical sciences, some 80%;
and in the engineering development and service
functions, approximately 40%. Among the nonstaff
scientists (excluding thesis students) all 75 Re-
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search Associates and approximately four fifths of
the 300-odd visitors from other institutions hold
doctoral degrees.

The Laboratory's most important educational
function is that ofproviding for participation in the
research programs by thesis students, Research
Associates, and other young scientists on term ap
pointments. In addition many mature scientists,
especially in the biological and the engineering
fields, come to the Laboratory to learn new tech
niques or otherwise to broaden their experience.

Even more deliberately educational in intent is
the summer student program. Approximately 100
graduates and undergraduates, selected on the
basis of academic standing from several hundred
applicants, are brought to the Laboratory with the
intent of increasing their interest in and under
standing of scientific research. In addition to serv
ing as research assistants, they attend seminars
and other meetings and are given special talks and
demonstrations of the Laboratory program as a
whole. The dividends are great not only in the in
formation and experience gained by the students
but also in the stimulation of their scientific inter
ests. In turn, the Laboratory is repaid by the prac
tical assistance rendered at a time when the Lab
oratory's research staff is at its annual peak.

Still more formal in nature are a few organized
courses and seminars. Chief among these is an
annual ten-week summer program, primarily of a
laboratory nature, for AEC Radiological Fellows
who have spent the academic year at the Univer
sity of Rochester. There have also been a number
of ad hoc courses of a few weeks' duration, chiefly
for nuclear engineers.

Any real evaluation of the work of the Labora
tory must, of course, await the test of time. Every
attempt is made, however, to obtain contemporary
critiques. Perhaps most important is the continu
ing, informal assessment by scientific colleagues
elsewhere. This process is significantly enhanced
by the numerous visits of mature scientists of var
ied interests from many institutions. In a more
general and formal sense the program is also sub
ject to continual general review by the Trustees of
A UI and the technical staff of the Commission.
Further, the Trustees have appointed five visiting
committees to judge the work of the various de
partments. These committees submit annual writ
ten reports to the Board of Trustees and in addi
tion make informal comments and suggestions to
the Director and the Department Chairmen.



Their assistance has been invaluable not only in
analyzing the scientific work itself but also in the
solution of general laboratory problems and in the
selection of personnel.

PRESENT RESEARCH FACILITIES

The research is centered on, though not con
fined to, the use of several large machines and
other special facilities, some of which are described
below.

Graphite Research Reactor

The Graphite Research Reactor is a large, en
riched uranium, graphite-moderated, air-cooled
reactor designed especially for research use which
has been in almost continuous operation since
1950. Some 30 external neutron beams can be
made available on each of two opposite sides
through holes penetrating the shield. Numerous
facilities are available for in-pile irradiations and
experiments. By removing shielding blocks on the
top, 4 X 4-ft areas of the graphite reflector can be ex
posed to accommodate thermal columns and other
large facilities. The reactor was operated 24 hr/
day during 86% of the past year. Most of the shut
down time was for scheduled maintenance and
rearrangement of experimental equipments. The
maximum central neutron flux is 2 X 10'3 neu
trons/cm2 -sec at a power level of 18 Mw.

The reactor has been fully utilized to the point
of congestion of the available floor space with ex
perimental apparatus. The reactor proper con
tinuously supports from 60 to 75 experiments; in
addition, numerous shipments of radioisotopes and
other irradiated materials are made for experi
mental use elsewhere. Of the 14 neutron spec
trometers in use at the reactor, 9 are operated by
Brookhaven scientists and 5 by guest scientists.
Two choppers are available, one for slow neutron
experiments, the other for fast. Among the most
important programs are neutron cross section
measurements; neutron diffraction experiments;
studies of the effects of neutron irradiation on
physical, chemical, and biological systems; the
preparation ofspecial isotopes; and in-pile studies of
reactor fuels and reactor processes. More than one
quarter of the present Laboratory program involves
the use of this facility. The outside organizations
who conducted experiments this past year at the
reactor include 7 industrial companies, 4 Govern
ment laboratories, and 2 educational institutions.
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Medical Research Reactor

The Medical Research Reactor became criti
cal for the first time on March 15, 1959. Its core
consists of highly enriched uranium fuel elements,
cooled and moderated by ordinary water. Graph
ite surrounding the central tank provides addi
tional moderation and serves as a reflector. Initial
test operations have demonstrated the existence of
a maximum core flux somewhat higher than 10'3

neutrons/cm2 -sec at a power level of 1 Mw in ac
cordance with design expectation, and have indi
cated a high probability of realizing the neutron
flux originally desired at the port designated for
clinical research. The AEC has authorized opera
tion at power levels up to 3 Mw. The shielding
system incorporates special facilities for clinical as
well as animal irradiations and for the preparation
of very short-lived isotopes. Primary emphasis is
now being placed on bringing the reactor to an
operational state for medical uses. This entails the
production of emergent radiations at the various
ports of a quality and intensity to meet the speci
fications desired. The right combinations of mod
erating and filtering materials are being deter
mined.

Hot Laboratory

The Hot Laboratory contains extensive facilities
for the analysis, processing, and development of
highly radioactive materials. There are three hot
cells in which chemical operations can be per
formed remotely and observed through periscopes.
A larger hot cell of the cave type has been added
recently for the physical examination of materials,
especially metals, of high activity. Manipulators
and remote control testing apparatus are avail
able. Five semihot cells are used for work on less
active materials.

Critical Assembly Laboratory

A critical assembly laboratory is available for
research in reactor physics and for reactor devel
opment studies. It contains two critical assembly
areas, each with an operating console and assem
bly room. One of these rooms contains a small,
water-cooled, graphite-reflected neutron source
reactor for exponential studies. The laboratory
also includes a pulsed Van de Graaff neutron
source for diffusion experiments and reactivity
measurements, an analogue computer for reactor
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kinetic studies, a subcritical assembly area, a dry
box room, and a necessary minimum ofshop and
office space. In a basic program, a series of :::::::50
water-m d raL d slightly enrich d uranium d
fueled re CLor cores ha e b D in li at d and
Lheir riti al iz and n utr n onomi have
b en d termined. ari u pial riticaJ IDsem
blies have b n tudi d piaU La obtain data
requir d in de ign udi for n .. reacto such a
th eli al Re earch R actor and rh new High
FI ux Beam R earch Rea tor.

Cosmotron

This proton synchrotron, in which protons are
accelerated to energies of 3.0 billion electron volts
(Bev), constitutes one of the Laboratory's major
facilities; it was the first to be constructed of the
t 0 rna hines capable of produ ing billion-volt
prot os in this country. h original beam inten-
i in 1952 wa _5X 109 pr tons per pul e itb a

rale of 12 puIs s p r minut . By L955 th intensity
had b en gradually in a ed LO mu b a 1011
protons per pulse through continuous accelerator
impro ement. hil thi xt nd d th scop of
r ar h po ibl it al produced vcre radiati n
hazard when full inten it beam were in use. t
tbeame Lim Lhe inadequacy of the pac avaiJ
abl for exp rim nts b came apparent. This itua
tion was furth r a ra aLed .. hen tra tion f tb
internally circulating proton beam was accom
plished in 1955.

Res arch a the 0 motr n a iot rrupted late
in1957b m hani alfailur of the oppercon
d uctor in th rna net coil . The repair of Lh
coil and rea cmbl of the machine a length
pro edur ,i nearing completion. B Jun 3
195 , a eleration of protons to B v ould be
routinely obtained. Higher accelerations will be at
tempted upon completion of the installation of new
controls for powering the pole face windings. Ad
vantage has been taken of the extended shutdown
to effi ct major impr v m nts in the resear h apa-
bililie oftb 0 m tron complex. Th e pcri-
menLal area h en greatly mcre' ed b th ad-
dition ofa IOOX L80-ft stru ture quipped for ex
p rim Dlal tup. involving larg num of le 
trQmagnets. The Cosmotron itself has been pro
vided with a massive new shield averaging :::::::6 ft
in thickness, which should allow circulation ofa
proton beam of as much as 1012 protons per pulse,
without excessive radiation outside the structure.
Mod.ifications of the injection and accelerating sys-

Figure 4. Top of the Medical Research Reactor. Centered
above the reactor tank is t'he housing for the safety and
control rod drivCll. ."

terns make a circulating proton beam of this in
tensity probable eventually.

External proton beams have many advantages
over internal beams and extend the range ofpos
sible experiments. The Cosmotron has been modi
fied to permit these proton beams to emerge from
the main shield and traverse the floor of the new
experimental area. Figure 5 shows the disposition
of the external beams and shielding in the new
experimental area as arranged for the first series
of experiments.

The protons in Beam 1 will be focused upon a
target to create large numbers of'17-mesons which
when collimated and focused will be one of the
best available sources of pions and will be ofsuf
ficient intensity to serve as a useful source of
strange particles. Protons from Beam 2 will be
used to create either '17+ or K+-mesons, which will
then enter a beam separator for elim.ination of the
unwanted protons. The '17+ or K+-mesons can then
be used to produce interactions in bubble cham
bers. About 20 high energy protons from the Cos·
motron will be extracted along the Beam 3 trajec-



tory and made to traverse a 20-in. hydrogen bub
ble chamber. Some 100,000 pictures of proton
proton collisions within the bubble chamber will
be obtained to provide data for a systematic study
of this interaction. Beam 3 will then be converted
into an intense proton beam for counter experi
ments. These beams will be sufficiently shielded to
permit experiments to be performed on one beam
while an experiment is being prepared for another,
which will make possible continuous use of avail
able Cosmotron running time.

In the initial program, most of the experiments
will use bubble chambers, including 20 and 14-in.

h dro en bubble chambers and 30 J6 and 14-in.
propane chambers, aU with magnetic fields. om
o these chamb rs are b ing con tru ted by B TL
and ome by vi itin sei nust at their univ rsities.
Mo l f these instrum Dts ill b taken over and
operated b B L in order to make th m available
to any qualified experimenter.

To minimize the fire hazard associated with the
use of liquid hydrogen and propane, the newex
perimental area is provided with explosive gas de
tectors and an exhaust system capable ofchanging
the air in the entire building in 3Y2 minutes. To
produce the desired beam of particles, a large

•

•

40·TON CRAN~
TRAVEl liMIT ~

MECHANICAL
TRENCH

TO MACHINERY
ROOM

15-TON CRANE
TRAVEL LIMITr

Figure 5. Arrangement of magnets and shielding around
the three external proton beams from the Cosmotron, as
planned for the first series ofexperiments when operations
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Figure 6. New experimental area at the Cosmotron, where bubble chambers and magnets are
undergoing tests prior to their use in experiments.

number of focusing and deflecting magnets will be
required. These will consume great quantities of
electrical power and cooling water. These facilities
are made readily accessible at all points on the
floor by an extensive system of underground pas
sageways. The extent of preparations for the first
set of experiments can be gauged from Figure 6,
a general view of the experimental area taken
early in June 1959.

Experiments with the high energy beams from
this machine are being prepared by 40 Brook
haven staff members, 30 physicists from other in
stitutions, and 30 graduate students.

60-in. Cyclotron

There have been no major changes in the 6O-in.
cyclotron, which accelerates helium nuclei to 42
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Mev, deuterons to 21 Mev, and protons to 10.5
Mev. However, improvements are made continual
Iy piaU in tar ts. the external b am and

iat d faciliti . h variet ofd mand ofth
xp rim mal pro rams has required fl xjbility of

op rao n with pro ision for quick ban .in th
typ of parti I targets and beam 1 vel. ut
one month's operation was lost this past year be
cause of the failure due to erosion of water-cooling
tubing inside the vacuum. Otherwise the machine
h b n in r Jar u b the Ph i hemi try,
Bioi gy and edi aJ partmen and b ien
li t from 12 oth r institutions th lat er u ing
-4 ~ o[the op rating tim . 5- diff< r nl xperi
m nl rs have u d th beam. Th re ha been
some increase in the use of beams for medical and
biological problems. Two types of experiments



have been of more than routine interest. One ex
ploits the shape of the ionization curve of the deu
terons in such a way as to permit irradiations to be
made below the surface of a biological system
without appre i ble irradiation or damage in the
urface layer. The other mak u e of a beam of

v ry mall diameter (as small a 25 p.) will h
markedly Limits the area irradiat d.

18-in. Cyclotron

The components of the 18-in. cyclotron have
been in storage since the old test shack in which it
had been located was removed to permit the ex
tension of the experimental area for the Cosmo
tron. The new building to house this machine was

mpleted inJanuary 195 .Th clotron has
b en nearly reas embl d, and pr paration ar
under way for resuming its op ration. number
of change have been incorporated in the auxiliary
equipment. orne f which were nee sary to fit thc
new quarters and albers to provide better opera
lion. This machine h u1d be vailable for re
search purposes in the fall of 1959 and is expected
to provide a 100-lla external beam of3.0-Mev pro
tons focused on a target 30 ft from the cyclotron.

before it will be u ed primarily in neutron r -
earch. Ad antage i taken of th natural bun h

ing and one ponding high p ak currents in th
circularin beam. The e hort pul e of prown
can produce hi h inten ity bursts of neutrons with
energies in the Me range that an b a curately
determined by time-of-I1i ht technique. Il i
plann d to nlinue the previous tudic ofela. tic
and inela ti neutron catlerin in the ner
range of a few kev to Mev.

Electrostatic Generator

This Van de Graaff type of accelerator provides
proton beam currents up to 100 p.a at carefully
controlled bombarding energies up to 3 Mev for a
variety of research projects. The energy obtainable
has been limited by voltage breakdowns inside
the accelerator tube. A new accelerator tube, de
signed and constructed at the Laboratory, will be
installed in 2 or 3 months in an effort to increase
the available proton energy to ;:::::4 Mev. This ac
celerator has been operated on many extra shifts
to meet the demands of experimenters during the
past year. As in the case of the 60-in. cyclotron, its
use by the Medical Department has increased.
Fast neutrons produced by bombardment of a trit-
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ium target have been employed in studies of the
biological effectiveness of such neutrons on certain
organs of mice.

Gamma Field

major fa iLit for biological research con ist
of a gamma field \ hich is utilized for investi
ti ns in plant scienc . The IO-acre field has a
2200- urie obalr-60 sourc in it enter. The
plants are exp sed to gamma-ray almo r continu-

u I (20 hr/day) during the growin eason. A
typi a1 d e 2 meters from rhe source is ::::;12,000
rlda • and the dos decreas wilh iner asin dis
lance. This facility has b n u ed c peTatively by
man universities and agricultural experiment
slations, some in other eountrie , ill produ ing mu
tation and in tudying radiation effe ts, pecially
under conditions of chronic exposure.

ADDITIONAL RESEARCH FACILITIES

Alternating Gradient Synchrotron

Based upon the alternating gradient focusing
principle discovered independently by a team of
BNL scientists in 1952, the Alternating Gradient
Synchrotron (AGS) is designed to accelerate pro
tons up to energies of 25 to 30 Bev. Both design
and construction have continued throughout fiscal
1959. The erection of the Cockcroft-Walton pre
accelerator has been completed and a 1-ma beam
of protons has been accelerated to an energy of 750
kv. The linear accelerator into which these protons
will be fed consists of 11 tank sections, which are
now in their final location. The 124 quadrupoles
for focusing the beam in the linear accelerator are
on hand. Their assembly and alignment in the 124
drift tubes is well under way. The radiofrequency
amplifier system to drive the linear accelerator is
also approaching completion. The components of
the injection system that carry the proton beam
from the linear accelerator to the synchrotron
proper are aim t completd de ign d, and some
are being fabri ated. All 240 synchrotron magn ts
hay been placed in approximately final po ilion
on the upporting girders. Th inter on cting bus
h b n installed together with the cable to th
[ower uppl . The main magnet po er suppl i
now underg ing preliminary tests. The 24 quad
rupole and 36 extupolc magnets required fI r
beam orbit corre ti ns and the four-generator
power unit for their excitation are being fabri-
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Fig-un' 7. Injun .lion s~cliQn or tht: lin 'ar it d~r I r (left) and th'
main ma~nCt t'nck"nr- ortllC 25-Bt"v Alre"':llin'" Gradi~nl '·)'nChrOlroll.

•

cated.Ofth 12 acceleratin caviti's. 6 have been
ass 'mblecl and 5 havc b 'en I laced on the support
ing girders in approximatel linal position. The
radiofrequencY drive units ar under fabrication.
The 75 E\·apor.loll p'umps have be n reccin:d
tested and accepted; 'ontrol 'abin 'ts for these
pumps ha 'e been built to the laboratory's sp cifi·
cations. The designs of the vari us c l11trol . ,stems
have I een finalized for the most p<1rt.

The AGS is lhercl'ore approa.ching the f-inal
stage of assembI.' and should b ready for test op'
erations as a omplete systcm in 1960.

;\ large hydrogen bubbl 'hamber is bein. d "
signed b; BNL stafr members for us- with th
AGS. Thc chamber will measure llOX25 in. and
25 in. deep. A horizontal ma5'neti field of 16.aOO
to 1B 000 gauss will be pro iekd. This bubble
'hall1ber is to be hOllS d in as 'parate stational' .
building to which beams \"ill be brou .ht from the
synchrotron through bending and focusing ma',
nets and beam separators. A n('\\' openin<r in the
AGS tunnel to be provided for these beams \\·ill
eliminate any interferenc \'rith oth 'I' experiments,

, IX

This chamber should be a\'ailabl > lor experiments
in the pring of 19G::'.

High Flux Beam Research Reactor

A proj 'ct \ as started clurin u fiscal 1959 ,,-ith th .
objecti e of preparing a concept ual de.·ign for a
n'\ res "Heh reactor thal will provide hiuh ill
tensitv ext 'rnal thermal and 'pithermal n utron
beams for re:search purposes. The design now calls
for fuel elem 'nls of th' type used in the 1 laterials
T "1 inu Reactor, ina core u ndermoderat d and
'001 d with h 'avo water surrounded b. a he,\\y
wat r r Ile tor. The thermal p \\" r level is ex
pc 'ted to reach 20 l'vhv or more. \'Vith the undfr
moderated COre, the maximum thermal flux will
occur in the r 'fle 'lor a few inches from the core
ed c. It is hoped to attain a peak total thermal
Hux of 1.0 X 1()'~ neutrons/·me·sec. \ 'ith a p 'lk
total epith rnlal flux Ilear the edge of the cor' of
] Xl 0 1

", The cOllceptual design is \,. II under way.
and it is anti 'ipated that a 'onlract fe)r engineering
design will bc plac d with an architect-engineer
firm som li me ill the fall of 1959.



Merlin - A Digital Computer

This large and versatile high speed computer of
advanced design is being provided to meet the
heavy demands of the research program for com
putational techniques. Although it is patterned
after the Maniac II now in operation at Los
Alamos, a number of special features have been
incorporated in its design to increase its speed, ver
satility, and storage capacity. There has been close
collaboration between the groups at Los Alamos
and at Brookhaven. Construction of Merlin is
nearing completion, and the computer should be
ready for use early in 1960.

RESEARCH ACTIVITIES

The scientific program, which covers a wide
range of subjects in the physical and life sciences
and in engineering, has as its central purpose the

development and exploitation of nuclear science
and technology. It can be broadly described under
five major headings.

1. Fundamental studies of atomic nuclei, the
particles which constitute them, and the forces in
volved in their structure.

2. The physical, chemical, and biological effects
of nuclear radiation.

3. The use of nuclear tools, such as neutrons,
charged particles, gamma-rays, and isotopic
tracers, in all branches of scientific research.

4. Research and development, not necessarily
itself of a nuclear nature, directed toward solving
the problems of atomic energy development.

5. The development of specific devices for use as
research tools or in practical applications of atomic
energy.

Given below are brief descriptions of typical
activities in these categories. A more complete and
detailed account of the work of the past year may

..

Figure 8. Interior view of Merlin, the large digital computer on which work is nearing completion.
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be found in the sections of this report that follow
the Introduction.

Fundamental Studies of Atomic Nuclei

These studies, which are basic to all nuclear
science and technology, make use of all the major
machines. They range from measurements of the
m e and om r prop rLi of und' turb d nuclei
t in esa tjon of the violent disruptions r 'wtin
from Duel ar fi jon and from Lh bombardm Dt of
hi b eDcr partiel iD the 0 motr n. Th work
i carried out not onl b ph i i t but al 0 b
nuel ar ch mi t , particularl in tho e asp c of
re ar b in olving phisticated chemical tech
oiqu .. pproxima~ I half of thes tudi li in
th fi ld of hi h n rgy ph j and ha 0 far
b n Dter d on the osm tr n. B al,1 of the
ize and complexity of xperiments lhi r ear h

requir group effort, ot nly is a oup r quired
to operate th particle ac el rator, but the actual
experimentation is beyond the capacities of a
single person. Much of the lengthy advance prep
aration and of the postexperimental data reduc
tion for this type of research can be done at loca
tions removed from the actual site of the experi
ment. Because of these considerations and the fact
that only a few high energy machines exist, the
visitor program at the Cosmotron has been ex
tensive and exceedingly productive. About 35% of
the work in high energy physics has been carried
out by visitors and visiting teams from universities,
and this percentage is expected to increase with
the advent of the AGS.

The follo\ ing out tanding exampJ of resea h
in partiel ph ysi ar r pr nta ti e of the man
c mribution t hi h n r ph si mad at th

o m tr D: th di ov r and cxplorati n of the
ial d production proce in" hich h pr 

duction of a K-meson i alway ac mpani db
the appearance of a h peron' th e prim ntal
verification ofrh Lh or ti all predi t d n utral
igma h p ron and lh I n -Ii d neutral theta

meson; the detailed study of pion-proton inter
actions from energies of ~250 Mev to the Bev
region; and the interpretation of the decay of the
neutral gamma hyperon into a proton and a nega
tive pion as a violation of the conservation of
parity.

During the past few years much has been
learned about the nature of the unstable particles
produced in high energy collisions, but their rela
tionships to one another and to the nucleon re-
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main almost unknown. Recent data indicate that
there are excited states of the nucleon connected
with its 'IT-meson fields. Several states are now
believed to exist, all within reach of Cosmotron
energies. Investigation of the nucleon's previously
unsuspected complexity will remain an important
area of research for many years.

Another major field of future investigation is
the more detailed study of the production and
nature of heavy mesons and hyperons. The Cos
motron has also enabled nuclear chemists to delve
into nuclear reaction studies in the Bev range.
Investigations have been carried out of spallation
processes induced in a variety of nuclides through
out the periodic table by multi-Bev protons. One
of the goals of the high energy reaction work in the
next few years will be to elucidate the processes
whereby nucleons break up into two or more large
fragments by determining mass and charge dis
tributions of fission fragments, measuring their
energies and angular distributions, and studying
the emission of other fragments accompanying
fission.

There is, therefore, an abundance of phenom
ena that need further study in the Cosmotron's
energy range, 0.5 to 3.0 Bev. With its expanded
experimental area and improved facilities, this
machine will continue to support important in
vestigations for many years.

The high energy program will be greatly en
riched and expanded when the AGS begins opera
tion sometime in 1960. The 30-Bev particles
created by this machine will open an area of
research previously accessible only through neces
sarily limited studies ofcosmic radiation. It is diffi
cult to predict what information will result from
studies of this hitherto unexplored region. Certain
areas of research, however, seem likely.

1. Since the AGS will be one of the world's best
sources of antimatter, a series of experiments to
determine the behavior of antineutrons and anti
protons of various energies seems assured.

2. All the particles now known will be produced
at energies almost an order of magnitude higher
than those now available anywhere, and their
interactions with nucleons in the new range will
be investigated.

3. Through the decay of high energy 'lTD-mesons
the AGS will also be a source of 1 to 25-Bev
gamma-rays and electrons.

Important information concerning the structure
of the nuclei of atoms is also obtained from studies



Figure 9. Aerial view of the Alternating Gradient Synchrotron. The target building
is in the center; at the left is the office and laboratory building.

of the behavior of au lei after they have been di 
turbed by lower energy probe. When charged
particle, deuterons or proton from ac elerators,
r un barged panicles, u h as neutrons or
aroma-rays interact with the nu leu, n w

nuel i or new tate r en rgy of the original
nucleus are produced which are usuall un table.
Ob ervations of the ways in which unstable nuclei
are produced and then tran form i.nto stable nuclei
yield inC, rmation on the ener levels that various
nuel i may 0 cupy. Many such investigations hav
be n carried oul at Brookhaven with a " ide
variety of xperimental techniques includin the
1I e of b ta and gamma-ray pectrometers highly
sensitive detector of nu lear radiation and the
application of modern el ctr nic skill for the
re olution o[very hort time intervals. The deve1-

pmem of electronic circuit and techniques h
m d ob rvation pos ible on many problems
previously beyond the reach of the experimenter.
This program at Brookhaven has had much
success in the classification of doubtful cases of
nuclear interactions, especially those of nuclear
Isomers.

One of the most important theoretical papers
related to investigations of nuclear reactions was
produced at Brookhaven by two distinguished
visitors in the summer of 1956, Drs. T.D. Lee and
C.N. Yang. Their new theory on elementary par-
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ticles and weak interactions, for which they were
awarded the 1957 Nobel prize in physics, sug
gested that parity was not conserved in weak
interactions. This development profoundly af
fected the theory of beta active nuclei, that is, un
stable nuclei that emit electrons or positrons in
reverting to stable states.

Contributions of theoretical importance have
includ d: the discovery thal bremsstrahlung pro
duced by n gaLiv beta-ra i cir ular! polarized
and of negativ helicity; exp rim ntal proof that
th n utrino emitted in K-ele tron apture is of
negativ helicit contrary to previou belief:·

idence thaL parit in certain tron int ractions
i conserved to a high degree· and experimental
vid nc from r a tor tudie. at avannah River

of the interaction of reactor neutrinos with chlo
rine that supports the principle of conservation of
leptons (light particles such as electrons, neutrinos,
and J.L-mesons) and the two-component theory of
the neutrino.

wide variety of t chniques i al Lovol \'ed in
e perim nt on the interaction with nuclei of
n utTon ranging in nergy from the ublhermal
and th rmal regi os at th rea tor, through the

ev r gion at the L8 and O-in. c cIotrons, and
into the Bev regi n at th Co motr n. The cross

tion for the neutron interactions with nuclei
are measured as functions of the specific neutron
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energies involved and are identified with partic
ular interactions, such as those that result in cap
ture, scattering, nuclear excitation, and nuclear
fission.

Pulses of neutrons are obtained from the reactor
by means of mechanical "choppers." At low and
intermediate energies, neutrons of different ener
gies in each pulse are separated by the time-of
flight techniq ue using electronic timing devices.
The choppers developed at Brookhaven have
played an important part in the neutron physics
research program associated with reactors. A fast
chopper has been utilized at the Graphite Re
search Reactor; a typical use has been the meas
urement of hundreds of resonant energy levels.
From the analysis of these data it has been possible
for the first ti me to determine the distri but ion of
the strengths and widths of the different reso
nances. This information has proved most useful in
testing various theories of the compound nucleus,
the most successful being that of the "cloudy crys
tal ball." The second fast chopper has been in
stalled at the reactor at Chalk River, Ontario.

This chopper and its accessories were constructed
at Brookhaven. The higher neutron flux of the
Canadian reactor makes possible the direct meas
urement of more partial and total cross sections
with higher resolution than is now attainable at
Brookhaven. The program is a cooperative one
carried on by Chalk River and Brookhaven per
sonnel under an arrangement made by the Tri
partite Nuclear Cross Section Committee.

A second major approach to neutron research
at the reactor is via crystal spectrometry. Many
crystal spectrometers have been constructed which
provide neutrons highly resolved in energy. As in
the past, some of these are used in the measure
ment of total cross sections of isotopes; x-ray spec
tra from radioactive neutron capture are being
studied; and polarized neutron beams have been
developed to obtain further information relating
to neutron resonances, with special attention to
fissile nuclei.

The Neutron Physics Group performs a very
important service in the compilation of neutron
cross sections. The great success and value of previ-

Figure 10. The IS-in. cyclotron in its new location. Tn the foreground is the 30-fi beam pipe that
makes possible the Lise of an intense beam of neutrons by focusing the 3-!vlev protons from the
cyclotron on a target center·d in a room measuring 40X--lOX--lO ft. This arrangement reduces the
dTec!" of back-scattered neutrons from the ,,'ails. eciling. and floor. A light, steel-grating floor, 15
ft above the concrete Aoor, provides support for instrumentation in the vieinil\' of the target.



ous compilations has resulted in a second edition
of Neutron Cross Sections, which was distributed at
the 1958 Geneva Conference. With the further ac
cumulation of new data and the refinement of old
measurements, a supplement to the second edition
is in preparation. Compilation of new data from
all parts of the world will continue.

Figure 11. Fast neutron chopper, constructed at Brook
haven, shown installed at the experimental face of the
NRU Reactor at the Chalk River Laboratory, Ontario,
Canada, in a cooperative program in neutron physics re
search. (Photograph courtesy of Atomic Energy ofCanada
Limited.)

Effects of Nuclear Radiation

This category includes studies of the physical,
chemical, and biological effects of nuclear radia
tion. These effects are interesting in themselves,
and also as a means ofshedding light on the funda
mental properties of the substances involved. In
the fundamental phases, the effects of radiation are
utilized to study physical and chemical structures
and the more complex properties of living systems
and the changes which they undergo in their life
and reproductive cycles. Of direct practical inter
est are the possible deleterious effects of radiation
upon biological systems and upon structural and
other materials involved, for example, in reactor
construction. Of equal interest are the potentially
beneficial effects of radiation in the treatment of
disease, in inducing useful genetic changes in
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plants and animals, and in assisting manufactur
ing processes.

Important changes occur in crystalline solids
upon irradiation with high energy particles. Atoms
are knocked out of their normal positions, and the
resulting crystalline defects influence many of the
properties of the crystal. More important, perhaps,
is the fact that by fast particle irradiation imper
fections can be introduced into a solid at rather
hi h concentrati n and in a \ ell-controlled man
ner, " hich provide a new and powerful tool for
studying imperfections in cr tal that arc ofpri
mary importanc in modern olid tat ph i .

The absolute determination of the concentration
of lattice defects introduced by nuclear radiation,
or some other means, is difficult but clearly im
portant. A long wave length neutron transmission
technique has been developed as an absolute
method for determining such concentrations in
crystals. This method, which relies on the scatter
ing of neutrons by lattice imperfections, has been
applied successfully to reactor-irradiated graphite
and aluminum oxide, and work on metals is now
in progress.

Order-disorder transformations have been con
sidered important for many years as prototypes of
many solid state reactions. The theory of the rates
of such transformations has been formulated in a
basic manner by introducing an infinite array of
distribution functions for the occupation of all pos
sible sets oflattice sites. They have been shown to
obey general equations of motion which are linear
and in which the kinetic parameters ofatom move
ment occur as parameters. This theory has stimu
lated many new experiments in this field and is in
reasonable agreement with their results.

Theoretical studies of the kinetics of radiation
induced coloring hav pr gressed to the extent
that a good phenomen logical de cription i avail
able for an material in which annealing i unim
portant. hile alkali halides do not belon in this
at gory the kinetics appear to be appli bl t

th ill a ell. ery good agreement between
theory and experiment has been obtained for the
growth of color centers in some glasses chosen for
study because they anneal only slightly at room
temperature.

Chemists have been interested in the reactions
caused in chemical systems by ionizing radiation.
The over-all objectives are to characterize and
measure the yields and rates of these reactions, to
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devise and test mechanisms for the explanation of
the effects, and to reach a systematic understand
ing of the phenomena in relation to physical and
chemical theory. The practical need for basic
knowledge of the subject is evident in connection
with reactions in cooling or moderator fluids of re
actors, changes in biological systems exposed to
radiation, and the use of radiation to cause desira
ble chemical reactions.

For many years a major interest of this Labora
tory and others has been the radiolysis of water
and aqueous solutions. As a result of researches
here and elsewhere, the subject is now on a finn
rational and quantitative basis. This has been
achieved through rigorously careful measurements
of product yields over wide ranges of dosage, dose
rate, radiation type, and solute composition.

Increasing attention is being given to the radi
olysis of organic compounds. Work is in progress
on pentane, isooctane, pentene-2, and methanol.
Striking results were found with pentane adsorbed
on finely divided solids, suggesting energy transfer
between phases. The product yields differ from
those observed in the bulk liquid, and specific en
hancement and suppression effects occur. Possi
bilities are thus opened for directing the course of
radiolytic reactions.

Biologists have been particularly active in stud
ies of the effects of radiation upon living organisms.
Much of the damage caused by ionizing radiations
is found in the genetic systems of cells. Studies of
this damage have already resulted in significant
advances in understanding the mutation process.
This process is very complex; some genes are mu
tated quite easily by radiation, others more easily
by chemicals; in general, the mutability of a par
ticular character is affected by the state of the cell
at the time the mutagenic agent is applied.

One of the programs concerns the broad topic
of the effect of radiation on plants and includes the
morphological, physiological, and cytological ef
fects. There is an enormous spread in radiation
se.nsitivity in the plant kingdom. Some plants are
about as sensitive to radiation as is man, and some
are less sensitive by many orders of magnitude.
The size and number ofchromosomes in the cells
of a plant determine, to some extent, the radiation
sensitivity as well as the degree ofpolyploidy; how
ever, many other factors are also responsible. Each
plant species has a characteristic response to radi
ation. Perhaps the most dramatic is the apparent
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stimulation that some plants seem to receive when
grown near a continuous source of gamma-rays
(gamma field). In some cases with mild irradiation
the plant will grow to twice its usual height. How
ever, this is almost certainly not a stimulation in
the usual sense but an upset of the usual growth
habits of the plant. The total weight of the irradi
ated plant is less than normal, which indicates an
altered physiological function of the plant rather
than a stimulation.

Studies like those above suggested that radiation
could be used to produce useful mutations in



plants. Tests have shown that at least for some
characteristics this is true, the most striking ex
ample being the induction of resistance to specific
diseases in some agriculturally important crops.
These findings led to the organization of a pro
gram in cooperation with universities and experi
ment stations for the production of useful radiation
induced mutations. Participating laboratories now
number ::::;125 in this country and 14 in foreign
countries. Potentially useful mutations reported
during the past year are a mutation in rice that
matures 4 to 5 weeks earlier than the parent vari
ety, and a stem rust-resistant mutation from
Merion Kentucky blue grass seed. The program
has had a significant impact on agricultural re
search, and, although it constitutes only a small
part of Brookhaven's activities, it is extensive in its
entirety.

Effects of radiation on biological systems other
than genetic ones have been investigated. The
many different ways in which radiation affects the
mammalian system must be understood in order to
obtain a complete picture of the radiation syn
drome. The late effects of radiation in the mam
mal are a vital and difficult branch of radiobiol
ogy. It is generally agreed that radiation can cause
an acceleration of the aging process, even though
the process of natural aging is little understood. By
the use of several stress agents, such as the toxoid
and toxin of both typhoid ,and tetanus, nitrogen
mustard, and turpentine, it has been found that a
nonspecific stress per se does not produce any signs
of aging or cause any shortening of the life span.
Other studies in the field of aging have included
the effects of chemical mutagenic agents and of
exercise on the aging process and their relation to
the radiation problem.

Since these mammalian studies need a firm
foundation in histology and even cytology, pro
grams in both these fields have recently been initi
ated. Radiation has been found to induce specific
types of cancer in mice and rats, depending on the
particular radiation regime and the stress state of
the organ in question.

One of the most interesting contributions in the
field of radiobiology was the recent demonstration
that free radicals are formed in biological systems
by certain types of radiation, and that in some sys
tems, namely dried seeds, these free radicals can
persist and continue to produce damage for days
and even weeks. On the other hand, neutron ir
radiation does not result in this delayed damage,
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and preliminary experiments indicate that no free
radicals are formed.

Another significant discovery has resulted from
the use of special microbeams from the 60-in. cy
clotron. These beams are only 25, 75, and 1000
microns in diameter and consist of deuterons at
energie of ::::;40 ev. To pr du e a given histo
logical eft t in the brain of a mou ,a do f
:::25,000 rad i required for th 10 0-jJ. beam,
:::75,000 r d [or th 75-J..t beam, and :::::1,0 0,0
rad for the 25-J..t bam. Thu enormou do are
required if th volum f ti' u irradiated is small.

ince the secondary protons from the deuteron
b am' are expe ted t imulate co mi ray in
their eITe t on tissu s the e pr liminar re ults
suggest that cosmic rays may be much less damag
ing than had been supposed.

The Medical Department has continued its
studies of the effects of neutron irradiation of
patients afflicted with the brain tumor, glioblas
toma multiforme. In this neutron capture therapy
a luco' soluti n of sodium pentaborate is in
je ted into th patient prior to irradiation. eu
tron captured in the oron-l nuclei produce a
reaction resulLin in th emi ion of an alpha
parti Ie and a recoiling lithium atom h se ener
gi are ufficient to be 1 thai to the ell in \ hich
tb reac intake place. During th pa.l ear a
Ii urth eri r patients was treated at the raph
ile Re carch Rea·t r. Fi e of th 'e patient re
ceived trial probes with the neutron beam from
the new Medical Research Reactor. They were
then observed in the new whole-body counter to
determine the resultant activation. The presence
of activated sodium, chlorine, and calcium nuclei
was observed. An effort is being made to develop
this procedure as a technique for the measurement
of neutron exposures.

am in estigati ns on Lhe indu Lion of cancer
in animals e posed t gamma radiation ha e been
complet d. The re ult fa lwo-year study of 
male rat exposed to various amount of irradia
ti n hav be n interpreted to mean Lhat ubletba!
amma irradiation induce neopla 'ia of th bre t

with a relali ely short latent period, \ hile th nco
pia ti re p nse of non-breast ti sues is much Ie
influen d by radiation xpo ure. M taplasia of
the uteru wa' found m re often in th xpo ed
than in the nonexposed animals. It would thus
appear that the breast and the uterus, both in
fluenced by the estrus cycle, were more responsive
to radiation than tissues not under this cyclic stim-



ulation. Furthermore, for the neoplastic response
to occur in the breast tissue, the tissue itself must
be exposed to radiation, which implies a direct ac
tion of the radiation on this tissue.

Use of Nucleor Tools

This broad and diversified field of activities
overlaps the one just described. Nuclear particles
and radiations are used as tools for studying physi
cal, chemical, and biological systems in their un
disturbed state. In this category is the use of low
energy neutrons as probes to study the microscopic
details of physical and chemical structures by ob
serving their penetration and reflection, a tech
nique which significantly extends the analogous
use of x-rays. Wide use is also made of isotopic
tracers, which yield important information in
many fields, including the mechanisms ofchemical
reactions, chemical exchange rates and equilibria,
and the manner and rate of absorption and distri
bution in plant, animal, and human systems of
substances introduced by food or other means.

The motion of molecules in water has been
studied by scattering very slow neutrons from thin
samples. While the classical picture of a liquid
would lead one to expect a continuum of energies
in the scattered neutrons, the measurements re
vealed a number of energy levels. The most promi
nent one corresponds to a value found earlier by
means of infrared spectroscopy. The great advan
tage of the "cold" neutron technique lies in the
fact that it extends the range of investigation to
energies 100-fold lower than is possible with infra
red methods.

Neutron diffraction studies of the arrangements
of atoms in solids have been concentrated on mate
rials having a variety of electric and magnetic
properties. Advantage has been taken of unique
properties of neutrons as compared to x-rays or
electrons. Hydrogen and oxygen atoms are far
more easily located with neutrons than with x-rays
because of the large neutron cross section for these
atoms. Similarly, because of the magnetic moment
of the neutron and its interaction with the mag
netic moments of the atoms, magnetic structures
can be studied directly and, in favorable cases,
practically independently of the nuclear scatter
ing. Important structural problems have been in
vestigated, particularly on ferroelectrics and anti
ferroelectrics.

A notable advance in techniques has been the
development of monochromatic polarized neutron
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beams. This technique has been applied success
fully to several important problems. The magnetic
form factors of metallic iron, nickel, and face
centered cubic cobalt have been determined with
high precision by the use of polarized neutron
techniques. These measurements have shown that
the departure from spherical symmetry of the
magnetic electrons in these metals is observable.

Brookhaven is a center for research on isotope
effects. The theory of kinetic isotope effects was
developed here, and extensive experimental tests
and applications of the theory have been made.
One of the long-range goals is the use of kinetic
isotope effects to obtain critical information about
the configuration and properties of the transition
state in chemical reactions. Some success has been
realized for reactions involving a small number of
atoms, e.g., H2+CI~HCI+H.

Research is also carried out on equilibrium iso
tope effects. The basic theory of these effects has
been expanded to facilitate quantitative calcula
tions on complex systems. Experimental work has
included basic studies of some systems that may be
useful for deuterium production. One of these, the
ammonia-hydrogen exchange system, is now un
derdevelopmentat several laboratories throughout
the world. A convenient method for the prepara
tion ofdeuterium samples has been developed and
is in widespread use. Close collaboration is main
tained with basic and applied research at other
laboratories (particularly ORNL) on isotope sep
aration problems.

Chemical isotope effects arise from the effect of
isotopic substitution on molecular vibrations. Con
sequently, attention has been given to the theory of
these motions. Important theoretical advances
have been achieved through the derivation of new
general theorems concerning the effect of isotopic
substitution on the molecular frequencies. These
theorems facilitate the analysis of the spectra of
polyatomic molecules and extend the range ofap
plicability of the rule of the geometric mean. One
of the significant conclusions is that the tempera
ture independent part of the isotope effect in linear
molecules depends solely on the weight of the en
tire molecule.

Certain isotope tracer studies are a continuing
part of the research program. These include work
on electron exchange reactions, a field in which
considerable progress has been made during the
past decade. One of the aims of studies at Brook-



haven is to elucidate the effects of isotopic solvents
and of nonaqueous solvents. Another is to clarify
the role of complex ionic species in these oxidation
reduction processes. Associated work includes
equilibrium studies of complex ion formation by
various methods, including solvent extraction.
Tracer researches in organic chemistry include a
continuing program on the biogenesis of nicotine,
the kinetics and mechanisms of rearrangement,
and substitution reactions.

In the chemical effects of nuclear transforma
tions, or hot atom chemistry, the question investi
gated is the chemical fate of a radioactive atom
that has acquired a high kinetic or internal energy
as a result of its formation in a nuclear transforma
tion. In effect the radioactive atom serves as its
own tracer. Since some of the most interesting and
important features are found in neutron-induced
reactions, the Brookhaven Graphite Research
Reactor has been much used for such studies by
both staff members and visiting scientists. The new
High Flux Beam Research Reactor is expected
materially to aid this work.

Figure 13. Among the distinguished visitors to the Labo
ratory early in 1959 was Professor George de Hevesy of
Sweden, Nobel laureate, shown here (right) examining
meteorite fragments with Dr. Oliver A. Schaeffer of the
Chemistry Department.
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Recoil phenomena in inorganic crystals are be
ing studied. The technique of paper electrophoresis
reveals in great detail the different states of com
bination of the radioactive atoms and the changes
in their amounts caused by thermal and radiation
annealing. A promising beginning has been made
in attempts to relate hot atom effects in solids to
knowledge and theories of radiation damage.

Hot atom studies in organic chemistry concen
trate on the recoil reactions of C" and tritium.
The purpose is two-fold: to use these processes for
preparing isotopically labeled compounds, and to
study the reactions that occur.

A number of interesting facts about the past
history of meteorites and cosmic radiation have
been deduced by a combination of radiochemical
analyses and data on the production of lighter
nuclides by the bombardment of iron and nickel
with high energy protons.

A very powerful tool for the study of the growth
and metabolism of cells was developed when a
member of the Medical Department's staff suc
ceeded in labeling thymidine with tritium. Thymi
dine is a specific precursor of desoxyribose nucleic
acid (DNA), an important constituent of chro
mosomes. This labeled material was first used by
a visiting scientist from Columbia University in a
now classic study of chromosome replication in
seedlings of Viciafaba. The low energy of the beta
ray emitted by tritium made high resolution possi
ble in autoradiographs. These showed conclusively
that the thymidine built into the DNA of a chro
mosome is part of a physical entity that remains
intact during succeeding replications and nuclear
divisions except for an occasional chromatid ex
change.

Rates of proliferation, life span, and fate of vari
ous cell types are being ascertained by serial auto
radiographic study of the cells in blood and form
ative organs after parenteral administration oftriti
ated thymidine. The data are being submitted to
mathematical analysis, and models for prolifera
tion are being constructed and tested with the aid
of the analogue computer.

In vivo and in vitro studies have been applied in
the study of radiation injury in man and animals.
Although it is too early to foresee the ultimate re
sults, it is apparent that the tritiated thymidine
technique will aid immensely in the understanding
of radiation injury of the marrow and in the dy
namic descri ption of neoplastic disease. It is al-
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ready clear that normal hemopoietic tissues pro
liferate more rapidly than leukemic cells.

Enzymes are the key biological compounds that
direct virtually all the dynamic processes ofliving
systems; they are also the most efficient and selec
tive catalysts known. By using very advanced
labeling techniques, it has been possible to label
the active site of certain enzymes with radioactive
tracers, and thus to follow the course of catalytic
reactions. As a result of these studies a general
theory of catalytic action has been proposed, and
many experiments have been initiated to test the
theory.

As a corollary of this work, a program is in prog
ress to elucidate the intimate molecular structure
of some of the proteins. The work on the structure
of the enzyme ribonuclease, which is nearing com
pletion, is leading for the first time toward a
molecular description of a protein (this work is
being done only partially at Brookhaven). Other
enzymes will be studied in this way in the hope of
establishing a pattern of structure that can be re
lated to function.

Closely associated with these programs is one on
the structure and function of the contractile ele
ments in muscle. By means of isotopic tracer tech
niques it is possible to show that an intermediate
exists in the myosin catalyzed hydrolysis ofadeno
sine triphosphate (ATP) that is capable of rapidly
exchanging oxygen with the medium. The same
intermediate was found to exist in actomyosin
undergoing contraction. These two results suggest
that ATP reacts to form an initial phosphorylated
myosin intermediate which then reacts with actin
to give contracted fibers.

Minute quantities of various substances, such as
hormones, antigens, or antibodies, can cause pro
found biological reactions. The mechanism by
which the body synthesizes antibodies against
foreign substances is still obscure, and this impor
tant problem is being attacked at Brookhaven in
several ways. Quantitative measurements are
made of the destruction of antigen and the subse
quent appearance of antibody both at the tissue
locus of antibody formation and in the blood. Be
cause such minute concentrations of these sub
stances are involved, precise information can be
obtained only with the use of radioactive labels.
Also under study is the immune response to two
different antigens: diphtheria toxin, which is a
single toxic protein that does not occur naturally
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in experimental animals; and the cholera vibrio,
which typifies a chemically complex bacterial
antigen.

Another phase of this work concerns the hor
monal control of carbohydrate metabolism in the
mammal. This study is aimed specifically at re
vealing the organ whose activity, with regard to
carbohydrate metabolism, is most significantly
altered by a particular hormone. It is also in
tended to reveal the mechanisms ofaction of these
hormones in terms of whether or not the disposal
of protein and fat by the organ in question is the
primary site of influence, the changes in carbo
hydrate metabolism being secondary effects. In
this work glucose is labeled with C14 and infused
into dogs to label the body glucose in transit be
tween the liver and the various tissue cells. These
techniques will be used to study the regulatory
mechanisms involved in protein and fat metabo
lism.

It should be pointed out that these studies re
quired that special techniques be evolved for
counting radioactive samples in minute amounts.
Many of these methods have now become stand
ard throughout the country, and still more precise
methods are under development. Furthermore, the
analysis of these results required the construction
of a special analogue computer. These two facets
of the work alone would have been virtually im
possible without the resources of a laboratory such
as Brookhaven.

The Medical Department has also been much
interested in the role played by trace amounts of
certain metals in the metabolism of humans. For
example, copper is known to accumulate in the
tissues of patients with Wilson's disease; and min
ers working in manganese mines are prone to de
velop a disease similar to Parkinsonism. These
facts have indicated that metals occurring normal
ly in trace amounts in the body play an important
role in controlling the activity of the brain. There
fore, an extensive study ofthe medical importance
of these elements was initiated.

There is considerable evidence that sodium is
intimately related to the hypertensive process in
experimental animals. Data accumulated during
the past five years suggest that a high salt intake
may be of primary etiologic importance in human
essential hypertension. However, tissue analysis of
salt-fed animals and studies with Na24 in humans
have shown that in hypertension without heart



failure there is no gross sodium storage in tissues.
Furthermore, following drastic dietary sodium re
striction, there is no relationship between salt lost
from the organism and fall in blood pressure.
Therefore, simple salt accretion and depletion do
not appear to be primarily involved. It has been
known for several years that connective tissues,
particularly the mucopolysaccharides, could func
tion as ion exchange resins. The change in sodium
concentration in rat aorta and a pure connective
tissue (rat-tail collagen) has been studied following
peritoneal dialysis. Because of the small amounts
of ions involved in these studies, it has been neces
sary to adapt the ultramicrotechnique of neutron
activation analysis to this work.

Metabolism in man may be considered broadly
as the sum of the physical and chemical processes
by which the living cells of tissues and organs main
tain life. The entire breadth of such multiple bio
chemical activities cannot at present be measured
and studied simultaneously. Individual phases,
however, can be investigated by selection of ap
propriate radioactive isotopes such as C 1', which
has heretofore been rather widely used in animals
and is now being employed in the study of diabetes
in man. In this disease there is a disorder of carbo
hydrate meta bolism characterized by excessive
amounts of sugar in the blood and in the urine. In
the advanced stages, abnormalities of protein and
fat metabolism also occur. The current research at
Brookhaven in this field began with an investiga
tion of the pathways of carbohydrate formation
in man with presumably normal metabolism and
has been extended to various types of diabetic
patients.

The biological half-life oflabeled globulins pre
pared from sera of normal subjects and from sera
of various patients with neoplastic diseases has
been determined in 14 patients with carcinoma of
the breast and 18 patients with multiple myeloma.
In the latter disease it has been observed that the
turnover of globulins in patients with a beta type
serum electrophoretic pattern is much slower than
in those with a gamma type peak. The purpose of
this study was to determine whether patients with
breast carcinoma identify by turnover a difference
between gamma globulins fractionated from sera
of normal individuals and those fractionated from
sera of patients with carcinoma of the breast, car
cinoma of the prostate, and multiple myeloma. If
such a difference existed, it could conceivably be
of assistance in both diagnosis and prognosis.
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Research Related to Nuclear Energy Development

Included in this category of Brookhaven's scien
tific activities is research directed toward solving
specific problems of atomic energy development.
Its more basic aspects include the chemistry of ele
ments of special interest, the metallurgy of materi
als used in nuclear reactors, the neutron scattering
and absorbing properties of substances used in
reactors and atomic weapons, etc. In its applica
tions, it includes the development of reactor com
ponents such as fuels, structures, and shields; the
development of components and processes for the
chemical processing and useful recovery of reactor
products; and theoretical and experimental studies
in the field of reactor physics.

The objective of the program in reactor physics
has been the clarification of the various neutron
processes that take place in nuclear reactors. Ini
tially most of the experimental research was con
centrated on the determination of one type of reac
tor system, namely, that fueled with slightly en
riched uranium and moderated and cooled by
ordinary water. Fortunately, experiments and as
sociated development of theory were begun at
Brookhaven somewhat in advance of the decision
to develop and build the Shippingport Pressurized
Water Reactor. The markedly improved under
standing of the neutron physics of these systems
resulting from the Brookhaven research found
quick application in the PWR design.

A number of theoretical investigations have
been performed to establish best design regions for
various versions of a liquid metal fuel reactor and
to bring out certain features of the neutron be
havior. These studies have covered critical mass
requirements, breeding performance, transient
response, temperature profiles, control require
ments, etc. More recently, the theoretical studies
have been supplemented by a set of experiments
designed to provide a firmer base for the calcula
tions. The experiments have treated neutron dif
fusion and slowing-down in graphite and in
graphite-bismuth structures. A few exponential
experiments (subcritical assemblies) have also been
performed.

A third area of reactor physics research is con
cerned with the development of research reactors.
To a degree, this program has been carried out at
Brookhaven since its founding. It was begun with
design of the Brookhaven Graphite Research Re
actor and was continued with start-up and supple-
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mentary experiments on this reactor. Soon after
wards, physics design studies were carried through
the mock-up stage to establish the core design
parameters of the Brookhaven Medical Research
Reactor, which has recently been brought into op
eration. A program of theory and experiment to
determine optimum core design of the Brookhaven
High Flux Beam Research Reactor is now under
way. This sequence is being continued with the
initiation of a systematic research reactor develop
ment program to anticipate and satisfy general re
search reactor needs of the future.

The results of all these studies not only increase
the understanding of the specific systems involved,
but also improve the physics methods used for all
types of thermal reactor systems. The purpose of
this program is to supply the basic physical data
required for detailed nuclear engineering design
studies.

In view of the important applications of liquid
metals and fused salts in reactor technology, a sus
tained program of research and development in
these fields has been maintained. The scale of the
work has varied from gram-scale to small engi
neering loops. Much of the work has been directed
toward the development of satisfactory methods of
preparing and reprocessing liquid metal solution
and slurry fuels as well as slurry blanket mixtures.

The chemical work has included thermodynam
ic measurements of such properties as partial molal
free energies and entropies of liquid metal mix
tures and fused salt mixtures. In general these'
measurements have been obtained with emf-con
centration cells developed especially for this pur
pose. With this type of cell it is possible to extend
the research to other systems of practical and
theoretical interest.

Another promising area of research deals with
the adsorption spectrography of fused salts. The
technique of adsorption spectrography has proved
very useful in the measurement of concentrations
in fused salts and in the characterization of the
ionic nature ofthe fused ions. The adsorption ofcon
stituents from both fused salt and liquid metal mix
tur n lid urr: in ludiog those ofgraphit
and t I, h b n in ti ated. An appreciabl

ffi rt ha b n d voted to th broad ub' t f
quilibria and kinetics ofreacrioD5 involving liquid

rn tal and fu d aIlS. orne arthis work h n
carried out on an engineering scale, for which
extensive corrosion research has been necessary.
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In addition to systems involving liquid metal
and fused salt solutions, those involving dispersions
are of major interest. Dispersions ofcompounds of
uranium and thorium in molten metals have con
siderable importance as reactor fuels and blanket
materials. A satisfactory slurry must be reasonably
stable chemically and mechanically under radia
tion.

A reactor evaluation staff has reviewed and
evaluated several reactor concepts. A sustained
effort ofthis nature is of value to the Laboratory
and to the Commission. New ideas for nuclear re
actors are constantly being proposed. Often a com
ponent is proposed because it provides an easy or
elegant solution to one specific problem, while
other more important problems may be disre
garded. Because of the great expense involved in
the development and testing of new components,
it is essential first to make realistic evaluations of
their potential usefulness.

This evaluation work was established as a spe
cific program at BNL in December 1957. The
work since then has included (1) an investigation
of the relative merits of various combinations of
organic and water moderated and cooled reactor
systems; (2) an independent estimate of the actual
value of recycled plutonium as a reactor fuel in
competition with U235; and (3) evaluation ofsettled
dispersion of UOz in sodium as a reactor fuel. The
general purpose of such studies is evaluation of the
practical feasibility and general economic worth of
the proposals. Detailed designs and cost estimates
are not undertaken.

Research in metallurgy has been directed toward
obtaining a fundamental understanding of the
behavior of materials and metals in different en
i r nm n in r ati n 0 problem of reactor sy 
em. . a of prima interest include hang in
the pr pertie of materials at I vat d temp ra
tur ,irradiation chan , and liquid m tal tern
that include the u of plutonium. u h ofth
work has been directed toward studies of particu
lar liquid metal reactor fuel systems.

A second phase of metallurgical research has
been the developmental work on slurry systems.
Slurries have been circulated through temperature
differentials, and observations have been made of
the effects of additives on their behavior with re
spect to deposition, container corrosion, reactions,
and stability. The influence of corrosion products
and fission products on the distribution of bred



Figure 14. Control panel and
console for the neutron source
reactor in the critical assembly
laboratory.

Figure 15. Recently completed high
level hot cell for metallurgical studies
in the Hot Laboratory building. The
24 X 7 X 12-ft cell proper is divided by
steel partitions into three sections. The
first section is the cu tti ng and disassem
bling area, the second is for the prepara
tion of metallographic specimens, and
the third is the mechanical testing area.

Figure 16. Main laboratory in the
metallurgy building, showing the
thermal convection and forced
circulation loops used to study
corrosion effects of liquid metals.
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products between the solid and liquid phases is
being investigated.

The metallurgical program has also included
the development of materials for use as bearings,
valve vents and discs, and guides and in other
mechanical applications in liquid metal systems
operating at high temperatures. Many ofthese in
vestigations have involved the construction and op
eration ofloops with different purposes, such as high
velocity loops and in-pile loops, the latter being used
to test corrosion behavior ofsteels, graphite, and
beryllium in contact with fissioning uranium.

The study of the physical properties of graphite
under irradiation has proved of both fundamental
and practical importance in establishing safe oper
ating procedures for graphite reactors. Properties
studied include thermal conductivity, stored ener
gy, strength, and crystallite changes and growth.
Defect production coupled with annealing charac
teristics gives some kinetic information on the
cause of damage in graphites. The stored energy
released between 100° and 800 °C, thermal and
electrical conductivity from 20° to 600°C, the lat
tice parameters Co and A o at room temperature,
and oxidation and burning characteristics have
been investigated.

It is expected-that the Laboratory's effort in
metallurgy, both basic and applied, will be con
centrated on material testing and development,
especially under conditions of high temperature
and heavy irradiation rates.

In feed material processing and fuel develop
ment, considerable success has been realized in the
development of both solutions and dispersions in
liquid metals as reactor fuel and fertile materials.
With regard to fuel processing, an appreciable
effort has already been expended on the develop
ment of aqueous processes for the recovery of
zirconium-clad uranium-molybdenum alloy fuels
and on the use of fluidized beds of inert solids as a
means of heat removal in metal-gas reactions.

Research and development work has been con
ducted on processes involving the direct fluorina
tion of uranium to UF6, the latter compound being
relatively easy to purify by distillation or adsorp
tion techniques. Both natural uranium and ura
nium-Zircaloy fuel elements have been successfully
dissolved in interhalogen mixtures.

An important phase of the fuel cycle develop
ment program deals with waste reprocessing and
disposal. The purpose of the program is to develop

processes for the optimum economic disposition of
radioactive wastes resulting from separation proc
esses, to develop equipment for the implementa
tion of such waste concentration processes, and to
conduct fundamental studies on the mechanisms
that limit the efficiency of waste processing equip
ment. The goal of the program is the development
of a method of permanent disposal of radioactive
wastes. The development of an ion exchange fix
ation process that imbeds fission products in clay
is a significant step in this direction.

Development and Practical Application
of Research Tools

This, the fifth heading under which Brookhaven's
scientific activities may be described, includes the
design and development of special research tools
such as accelerators, reactors, and other technical
equipment. With the exception of the 60-in. cyclo
tron and the electrostatic generator, the laboratory
is responsible for the development, design, and
construction of all the facilities described under the
headings "Present Research Facilities" and "Addi
tional Research Facilities." To operate these facili
ties at maximum efficiency and to improve their
performance characteristics wherever possible re
quires a relatively large trained staff. To this must
be added the staff needed for projects included
under this fifth heading, such as the preparation of
special isotopes, the packaging of radiation sources,
and development work on power reactor systems.

Because of the over-all interest in particle accel
erators, the Laboratory now has one of the most
able groups of accelerator experts in the world.
Some of their achievements are mentioned below.

Detailed studies of the limiting factors in the
operation of Van de Graaff accelerators have re
sulted in great improvements in the design of ion
sources, accelerating columns, and insulator sup
ports. The operating voltage of the Brookhaven
machine has been raised from 2.5 to 4 Mev, and
recent experience has indicated that further im
provements may produce energies above 4 Mev,
possibly as high as 5 or 6 Mev.

In 1952 attempts to develop models of the Cos
motron magnet resulted in the discovery of the
alternating gradient focusing principle. Not only
has this method of focusing found broad applica
tion in almost every field of science dealing with
beams of charged particles, but it has also been the
basis of the 30-Bev AGS design.
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The improvements made at the Cosmotron dur
ing its recent shutdown are expected to result
eventually in the production of proton beams of as
much as 1012 protons per pulse. Such an intensity
would represent a thousandfold increase over ini
tial Cosmotron performance. With the renovation
of the Cosmotron and the initiation of AGS opera
tions, much effort has been and will be directed
toward providing adequate accessory research
equipment for the experimentalists.

It is difficult to predict the exact nature offuture
accelerator development, since much depends
upon new ideas and technological innovations.
Increasing effort will be expended on the design of
azimuthally varying field cyclotrons. This pro
gram will culminate with design of a machine,
which will be constructed at BNL ifit appears to
be required for the scientific work of the Labora
tory at the time that design work is completed.

The Graphite Research Reactor was the first
major facility of the Laboratory and has been in
strumental in opening many new avenues ofre
search. One of these, neutron capture therapy in
medicine, proved to be so promising that it war
ranted construction of a reactor designed specifi
cally for medical purposes - the new Medical Re
search Reactor. Other typical developments in
clude a helium leak detection system for fuel ele
ment failures, the staggered gap system, and im
proved alloy fuel elements, now in use, that have
increased the thermal flux by a factor of five and
reduced operating power costs.

In the effort to develop improved research reac
tors to satisfy the need for higher fluxes in various
energy regions, the concept of the Brookhaven
High Flux Beam Research Reactor was evolved.
Practically all research activities of the Laboratory
will benefit from the increased fluxes of this reactor
when available.

A few years ago the Laboratory installed a small
punch card computer to provide computational
services and data handling facilities for small and
relatively simple problems. The solutions of larger
and more complex problems were carried out at
the AEC Computer Facility at New York Univer
sity; however, increased demands have called for
the design and construction of Merlin, the large
digital computer briefly described above.

To make effective use of Brookhaven's large
facilities, the experimentalist needs a great variety
of instruments. The complexity and cost of such
equipment has increased steadily with progress in

technology and the increased sophistication of re
search experiments. One of the basic functions of
the Laboratory's Instrumentation Division is the
development of new types of electronic instrumen
tation, including radiation detectors and electronic
circuits, and also the modernization of existing
components. New instruments are built for specific
applications as the needs arise. All these activities
involve work on the frontiers of electronic technol
ogy and require a good understanding of modern
science, since the future needs of the various scien
tific disciplines must to some extent be anticipated.
Familiarity with old and new techniques and a
broad understanding of electronic engineering are
essential.

For the last two years the Instrumentation Divi
sion has been involved in the construction of the
large digital computer, Merlin. A general develop
ment program of computer components and cir
cuitry will be continued. Development of ana
logue computers has also been carried out: an ana
logue computer was constructed this year for the
medical tracer program, and another is under con
struction for a biological study of the chemical
processes within individual cells.

Much work has been directed toward the im
provement of instrumentation for radiation moni
toring and for research in biology and medicine.
This part of the program is concerned with the
improvement of existing instruments, the search
for new or different detectors of radiation, and the
development of new research techniques. Brook
haven has a special interest in instrumentation for
monitoring radiation near high energy accelera
tors. More sensitive neutron detectors and instru
ments with response proportional to biological ef
fectiveness are also sought.

The groups engaged in such work now consti
tute one of Brookhaven's most valued assets. Only
at a large establishment having many scientists
with diverse interests - such as Brookhaven - is it
possible to maintain technical groups whose pri
mary concern is the continuous development of
research devices.

Since 1950, the Laboratory has been greatly
interested in the utilization of intense radiation
sources, the development of such sources, and the
utility and availability of radioisotopes in general.
As reactor technology expands, an ever-increasing
source of by-product neutrons becomes available
for isotope production as well as a constantly in-
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creasing inventory of fission products. As a result of
the stimulus provided by the AEC-sponsored work
at Brookhaven and other sites, many research pro
grams in applied radiation are being conducted by
the food, chemical, petroleum, metallurgy, and
electronics industries. There has not been a cor
responding development of large-scale radiation
sources. Many practical applications are at the
stage where proper evaluation can be made only if
engineering information on source technology is
obtained.

Design and construction of a radiation develop
ment laboratory at Brookhaven is expected to be
authorized in fiscal 1960. Initial studies at this
facility will be carried out with 500,000 curies of
C 0 60 as well as 500,000 curies of BNL fuel ele
ments. With these sources it is planned to investi
gate the hazards inherent in megacurie sources, to
study problems of heat generation and dissipation
in high level sources, to conduct radiation damage
studies of source materials, to continue the devel
opment of high level dosimetry systems, and to de
velop methods of handling, encapsulating, and
testing high level sources.

The purpose of isotope process development is
to increase the utility and availability of radioiso
topes in general. The direct objective is to develop
methods for making available isotopes that would
otherwise be unavailable, or to put available iso
topes into more usable forms, e.g., by increasing
their specific activity or isotopic purity. In many
cases research here and elsewhere is being ham
pered by lack of the appropriate isotope in the re
quired form. The laboratory has already devel
oped "milking" systems for daughter isotopes, e.g.,
p32, Tc99m

, and y90, based on the isolation of the
parent fission product. Tellurium generators for
short-lived J132 have been supplied to a number of
medical research centers in the past five years.
High specific activity miniature sources have been
provided for experiments requiring localized ir
radiation and for radiography. About 20 ship
ments per month are being made of the radioiso
tope M g28.

The greatest effort thus far in reactor develop
ment at Brookhaven has been the work on the
liquid metal fuel reactor (LMFR). The advan
tages of such a reactor have been obvious for some
time. The fuel is circulated by pumps and can be
processed continuously. The reactor structure it
self can be relatively simple. High fuel tempera
tures would give high thermal efficiencies without
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excessive reactor pressures and accompanying con
tainment problems. When a breeding cycle is in
cluded, the reactor can presumably produce as
much new U 233 as it consumes, with resultant low
fuel costs.

Liquid metal reactor fuels have been under
study at BNL since 1950. Early work covered the
basic chemistry and metallurgical aspects of po
tentially useful fuels. Promising results warranted
the extension of the work to include engineering
studies. At the same time, component studies were
being done on the physical, metallurgical, and
chemical aspects of liquid metal fuel systems. The
LMFR Project was established in fiscal 1956 and
grew steadily.

The AEC sought the assistance of industrial
companies in further development intended to
lead to the construction of a Liquid Metal Fuel
Reactor Experiment (LMFRE). In 1956 an AEC
contract was awarded to the Babcock & Wilcox
Company "to provide for the design, fabrication,
erection, checking-out operation and testing ofan
experimental reactor facility which will advance
an LMFR concept to a point where large-scale
application can and should be considered."

Work was continued at Brookhaven to provide
information on the physics of the LMFRE both by
theoretical attack on problems such as kinetics
from the point of view of nuclear reaction as well
as hydrodynamic transient effects, design ofcon
trol systems, etc., and by an experimental program
on thermal exponential and critical assemblies of
graphite-bismuth bars and U 235-aluminum foils.
Construction materials were investigated in an at
tempt to understand the causes of attack by the
liquid bismuth fuel on the steel container material.
The reactions of the fuel with various types of
graphite also were studied to determine the best
available graphite for the reactor core. These
material studies have been done on a small scale
in capsules as well as in circulating systems, the
largest on a scale approaching that of a 5-Mw re
actor system. In addition, the program has in
volved all aspects of fuel and blanket processing
schemes from the basic physical and chemical
properties offused salt-bismuth systems containing
either uranium or thorium to a large fuel process
ing loop that could be a possible prototype for an
LMFRE processing system.

However, after re-evaluation of its program for
civilian power reactor development, the AEC has
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decided to reduce the number of reactor concepts
being considered for construction. Authorization
for the design and construction of the LMFRE has
been canceled, and during the coming year the
LMFR project will be terminated at Brookhaven.

two-year leave of absence with the AEC's Division
of Research. On November 14,1958, Mr. Irving
J. Polk assumed the duties of Head of the Mechan
ical Engineering Division, succeeding Dr. G.F.
Tape who had been Acting Head.

..

Figure 17. A portion of Radiation Loop I, installed at the Graphite Research Reactor for studies
on liquid metal reactor fuels. The uranium-bismuth solution is circulated through the in-pile
loop by the pump at the lower left. Above the pump is a remotely operated sampler. To the right
are control panels for the sampler and the gas and vacuum systems.

It is expected that development of components of
the uranium-bismuth fuel system will continue as
part of a long-range nuclear technology develop
ment for a thermal breeder reactor and that inves
tigation will be expanded in other areas involving
liquid metals and the development of high tem
perature processes and materials.

ADMINISTRATION

The organization of the Laboratory as ofJuly
1959 is given in Figure 1. OnJuly 28,1958, Dr.
Charles E. Falk returned to the Laboratory and
was appointed Assistant to the Director, after a
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FINANCE

Organizational costs, excluding the direct costs
of the Alternating Gradient Synchrotron, other
plant and equipment items, and additions to in
ventory, totaled $18,661,304 in fiscal 1959, an in
crease over fiscal 1958 of $954,004, or 5.4%. Actu
ally, the cost of the Laboratory's research pro
grams directly supported by the AEC increased by
$992,902 (+5.8%), the difference being accounted
for by a net decline in the cost of work for others.

The Laboratory's AEC-supported research was
financed by four Divisions of the AEC, namely,
Reactor Development, Research (Physical Sci
ences), Biology and Medicine (Life Sciences), and



18,661,304
17,707,300
14,420,937

OPERATING
TOTAL

FISCAL
YEAR
1959

463,784
741,832
353,770

SALARIES AND WAGES
(INCLUDING INSURANCE)

71.0%

MISCELLANEOUS
(NET)

728,766
742,006
752,879

POWER

MISCElLANEOUS
2.5%

POWER
3.9%

was nearly 84% of the total increase. Staff salaries
and wages, as may be seen in Table 1 (on the re
verse side of the organization chart, Figure 1), rose
by $342,440, which represents more than 72% of
the increase in direct costs. This fact and the data
on man-years in Table 1 indicate that the Labora
tory is again moving toward appropriate staffing
in its biological and medical research programs.

Program costs in training and education in
creased by $19,481 (+ 15.7%). Early in the fiscal
year, work was started in industrial process radia
tion to increase the industrial and commercial uses
of atomic energy and its by-products. This work,
with its staff payroll, acquisitions of materials and
supplies, and use of supporting services, involved
costs that more than offset the decline in costs for
faculty training and the Laboratory's decreased
participation in the AEC's Country Program
Studies and special exhibits. In succeeding years,

MATERIALS & SUPPLIES,
SUBCONTRACTS, TRAVEL &

SPECIAL PROCUREMENTS
22.6%
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Figure 18.

4,220,091
4,841,907
3,428,550

PHYSICAL
SCIENCES

50.3%

MATERIALS & SUPPLIES,
SU8CONTRACTS, TRAVEL &
SPECIAL PROCUREMENTS

OPERATING COST DISTRIBUTION BY PROGRAMS

MAJOR CATEGORIES OF OPERATING EXPENDITURES

13,248,663
11,381,555
9,885,738

SALARIES AND WAGES

1959
1958
1957

FISCAL PHYSICAL REACTOR LIFE TRAINING & OTHER TOTAL
YEAR SCIENCES DEVELOPMENT SCIENCES EDUCATION (NET) COST

1959 9,395,450 4,410,595 4,172,833 143,928 538,498 18,661,304
1958 8,281,717 5,114,706 3,609,035 124,116 577,726 17,707,300
1957 7,004,220 3,657,329 3,021,186 54,069 684,133 14,420,937

LIFE SCIENCES
22.4%

REACTOR

DEVELOPM'_E~NiTiiii~l~23.6%~

OTHER FISCAL
2.9% YEAR

TRAINING & 1959
EDUCATION

0.8%

FISCAL
YEAR

Training and Education. The operating costs as
distributed to these Divisions are shown in Figure
18. Most of the decline in costs for research and
development subcontracts and special procure
ments was due to curtailment of the Liquid Metal
Fuel Reactor Project.

Program costs for research in the physical scien
ces, as shown in Figure 18, increased $1,113,734,
or +13.4%. The Cosmotron repair and improve
ments, now substantially completed, accounted for
a major portion of this increase. However, in
creased effort in chemical and metallurgical re
search, marked expansion in computer research
and development, as well as an increase in activity
in reactor development in connection with the de
sign of the new High Flux Beam Research Reac
tor, were also important factors.

In the life sciences, total program costs increased
$563,798 ( +15.6%). The increase in direct costs
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industrial process radiation costs will be charged to
isotope development, a new program established
by the AEC.

Table 1 shows in detail the operating expendi
tures on a broad organizational basis. Salary and
wage costs, including the Laboratory's share of the
various insurance programs, were the largest ex
penditure, 71 % of the total for fiscal 1959. The
charts and tables in Figure 18 present the break
down of costs by major categories of expenditure,
as well as by major programs.

Table 2 gives the expenditures and commit
ments for capital equipment. A summary of ex-

penditures for fixed assets (plant and equipment)
is presented in Table 3.

Table 4 sets forth all the inventories for which
the Laboratory is responsible. Currently, they are
general stores, precious metals and radium, stable
isotopes, and heavy water.

Heavy water is the most recent item put under
inventory control. The present inventory is used in
the experiments required for the design of the
High Flux Beam Research Reactor. Consumed
heavy water is charged as used; otherwise it is re
garded as one of the Laboratory's assets along with
the other inventories.

Table 2

Capital Equipment Expenditures and Commitments
(Including Charges From Organizational Units; See Table 1)

FY 1959 FY 1958

$ '70 $ '70

Scientific & hospital 2,086,072 77.1 1,552,880 74.6
Automotive & heavy mobile 295,668 10.9 206,119 9.9
Office machines & furniture 86,841 3.2 87,267 4.2
Shop equipment 129,800 4.8 149,468 7.2
Miscellaneous 109,025 4.0 85,480 4.1

Expenditures & commitments, Total 2,707,406 100.0 2,081,214 100.0
Proceeds from sales (23,165) (27,997)

Expenditures & commitments, Net 2,684,241 2,053,217

FY 1957

$ %

1,066,359 79.0
98,725 7.3
72,956 5.4
70,003 5.2
41,630 3.1

1,349,673 100.0
(16,107)

1,333,566

Table 3

Costs Incurred for Fixed Assets
(Including Charges From Organizational Units; See Table 1)

Costs

FY 1959

Man-years

Sci. Others Costs

FY 1958

Man-years

Sci. Others Costs

FY 1957

Man-years

Sci. Others

ALTERNATING GRADIENT SYNCHROTRON

Direct
Salaries, wages, insurance
Materials, construction, etc.

Subtotal direct
Charges from organizational units

Total

1,076,228 34.5 112.5
6,859,692

7,935,920
198,595

8,134,515

748,473 30.5 77.0
4,897,065

5,645,538
162,269

5,807,807

585,480 26.5 60.5
3,773,723

4,359,203
125,031

4,484,234

OTHER, INCLUDING MEDICAL RESEARCH REACTOR

Direct
Salaries, wages, insurance
Materials, construction, etc.

Subtotal direct
Charges from organizational units

Total

147,614 6.5
4,223,724

4,371,338
134,974

4,506,312

12.0

XXXVIII

98,035 4.0
1,924,177

2,022,212
90,932

2,113,145

8.0 39,273 2.0

1,556,165
93,618

1,649,783

3.0
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Table 4

Inventory Changes

Fiscal year

Type of inventory 1959 1958 1957

GENERAL STORES (including stand-by & excess, if any)
Opening inventory July 1 $317,905 $296,458 $265,473
Net of purchases, stores issues,

adjustments, additions to inventory +79,937 +21,448 +30,985
Closing inventory June 30 397,842 317,906 296,458
No. of months' investment in inventory June 30 3.35 3.3 3.3

PRECIOUS METALS & RADIUM
Opening inventory July 1 $ 74,128 $ 76,326 $ 71,173
Net of purchases, stores issues,

adjustments, additions to inventory -507 -2,198 +5,153
Closing inventory June 30 73,621 74,128 76,326

STABLE ISOTOPES
Opening inventory July 1 $ 29,134 $ 0 $ 0
Net of purchases, stores issues,

adjustments, additions to inventory -2,640 +29,134 0
Closing inventory June 30 26,494 29,134 0

HEAVVWATER
Opening inventory July 1 $ 0 $ 0 $ 0
Net of purchases, stores issues,

adjustments, additions to inventory +443,820 0 0
Closing inventory June 30 443,820 0 0

TOTAL
Opening inventory July 1 $421,167 $372,784 $336,646
Net of purchases, stores issues,

adjustments, additions to inventory +520,610 +48,384 +36,138
Closing inventory June 30 941,777 421,168 372,784

BROOKHAVEN NATIONAL LABORATORY

COMPARATIVE BALANCE SHEET

ASSETS

Cash
Accounts receivable
Inventories
Advances and prepaid items
Deposits
Fixed assets (less reserves 0[$25,366,196 at June 30,1959,

and $23,646,474 at June 30,1958)
Construction in progress

Total assets

LIABILITIES

Accounts payable
Accrued payroll
Atomic Energy Commission

Total liabilities

JUNE 30, 1959

$ 349,183
151,032
953,412
379,135
214,458

45,381,296
17,931,378

$65,359,894

$ 1,609,045
171,795

63,579,054

$65,359,894

JUNE 30,1958

$ 465,957
101,501
476,027
245,868
308,871

36,670,859
15,701,555

$53,970,638

$ 2,138,729
126,577

51,705,332

$53,970,638

NOTE: Although the Laboratory has custody and use of the assets shown on
the Balance Sheet, title remains vested in the United States Government.
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CONFERENCES AND PUBLIC INFORMATION

Six formal conferences were conducted at the
Laboratory during the past year:

1. Regional Symposium on Education and
Training for Health Physics, jointly sponsored
with Oak Ridge Institute for Nuclear Studies,
November 4-5, attended by 67 participants;

2. Third Conclave on Nuclear Energy in Medi
cine, on the theme, The Impact of Atoms on Med
ical Science and Education, jointly sponsored by
the Division of Biology and Medicine of the AEC
and the BNL Medical Department, December 15
16, attended by 79 deans of medical colleges and
schools;

3. Conference on Long-Lived Nuclide Removal
From Radiochemical Wastes, sponsored by the
Division of Reactor Development of the AEC,
January 8-9, attended by 22 AEC and contractors'
representatives;

4. The Radiation Effects Panel of the over-all
study on Prospectives in Materials Research, joint
ly sponsored by the National Academy of Sciences
and the National Research Council, January
13-14;

5. Technical Workshop on Chemonuclear Reac
tors, jointly sponsored with the AEC, May 21-22,
attended by 40 individuals; and

6. The Twelfth Annual Brookhaven Biology
Symposium, on the Structure and Function of
Genetic Elements, June 1-3, attended by 271 sci
entists representing 69 institutions.

During the fiscal year, 1600 persons represent
ing 63 professional and technical groups in this
country paid one-day visits to the Laboratory to
view its facilities and to learn about its research
programs.

On October 18, the ninth annual Visitors' Day,
more than 6000 persons toured the Laboratory
facilities. On October 25, the fifth annual Student
Visitors' Day was attended by 3600 students from
neighboring schools and colleges. In addition to
these two annual events, the Laboratory initiated
this year a College Student Visitors' Day, which was
held on October 24 and was attended by :::::800 jun
ior and senior students representing 40 colleges and
universities. Because it was thought that the purpose
of these three days would not be fully achieved
if the number of visitors was too large, a number
of additional requests were regretfully refused.

Figure 19. Participants in the Symposium on Structure and Function of Genetic Elements,
June 1-3, 1959. This was the twelfth in the series of Brookhaven Symposia in Biology.
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The AEC, in commemoration of Thomas Alva
Edison's birthday, again asked its major contmc
tors to invite outstanding high school science stu
dents and editors of school papers to view their
laboratories. Of the 46 high schools in Suffolk
County invited by Brookhaven to participate in
this third Science Youth Day on February 11,20
responded, with 194 students. They were divided
into three groups according to their primary inter
ests - physical sciences, life sciences, or engineer
ing - and were taken on tours and given talks that
placed maximum emphasis on their chosen fields.
Following the tours, a question and answer period
was held.

In addition, the Laboratory has been host for
one or more days during the year to more than

1000 professional, governmental, or industrial rep
resentatives of other countries.

The normal activities of the Public Information
Office have continued to increase, reflecting the
growing public interest in the sciences and in Brook
haven's role in nuclear research. Requests from stu
dents for specific information to assist them in their
science projects reached an all-time high. As a prel
ude to the dedicatory exercises for the new Medical
Research Center on December 16, invitations were
issued to members of the various news media for
a general tour and briefing on December 12.

During the year, a number of motion picture
films were added to the Brookhaven film library.
These films are available on loan to local civic
groups and educational institutions.

•
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The research program in physics consists of ex
perimental and theoretical studies concerned with
the structure and fundamental properties of
matter. Various features of the complex structure
and properties of matter can be most effectively
studied by observing the interactions of charged
particles, neutral particles, and radiation with
matter. Some of these studies deal with the inter
actions involving individual atoms, atomic nuclei,
or nucleons, and others with conglomerates of
atoms and molecules in bulk matter. The Cosmo
tron, 60-in. cyclotron, Van de Graaff accelerator,
l8-in. cyclotron, and reactor at Brookhaven pro
vide a wide range of energies and diversity ofpar
ticles and radiation with which to carry out ex
perimental investigations. The researches reported
here will be described under the categories of par
ticle physcis, nuclear structure, neutron physics,
atomic and molecular physics, and solid state
physics. The theoretical scientists conduct their
investigations in close association with the experi
mental scientists and provide stimuli for new ap
proaches to the problems.

The work of Brookhaven scientists is enhanced
by the presence of visiting and guest scientists on
leave from other institutions in this country and
abroad. These visitors and guests are attracted to
Brookhaven not only by the availability of its facil
ities but also by the opportunity to collaborate
with Brookhaven scientists. The cross-fertilization
of ideas and experience resulting from the presence
of these visiting scientists is very important to an
active research program.

PARTICLE PHYSICS·

During the past year while the Cosmotron was
inoperative several members of the staff carried
out experiments at other laboratories. Some of
these experiments are reported here together with
a few results based on runs made nearly two years
ago.

*This heading replaces High Energy Physics, a term which is
now inappropriate in view of the existence of cosmic rays and
accelerator-produced particles having energies much higher than
those produced at the Cosmotron.

3

Members of the Brookhaven staff using the
Bevatron at Berkeley took part in an experiment
whose purpose was to look for asymmetry in the
decay of the ~+ and ~--hyperons produced by
'IT-mesons bombarding protons. An asymmetry in
the decay of the hyperons, for example ~-~n+'1r,

indicates that parity is not conserved in the proc
ess. The ~- decay showed no asymmetry, nor did
the process ~+~n+'IT+, but the other mode ofde
cay of the ~+-hyperons,~+~P+'lT°,did reveal a
marked asymmetry. This result lends support to the
so-called tiI= -+-1/2 rule which governs the decay
of strange particles. Another member of the staff
spent a year at Saclay in France where he collabo
rated with members of that laboratory in a study
of the total interaction cross section of 'IT+ +Pand
'IT-+p in the 'IT-meson energy range from 250 to
950 Mev. The existence of two maxima in this
cross section was found in conformity with previ
ously reported results and their location deter
mined with considerably improved accuracy.
These maxima indicate the existence of resonant
states in the 'IT-p system.

An analysis was made of the inelastic process
'IT-+P~'IT++'IT-+n as recorded on hydrogen bubble
chamber photographs made at the Cosmotron
prior to its last breakdown with 'IT--meson energies
of 950 Mev. It was found that the energy spectrum
of the 'IT+-mesons was higher than the spectrum of
the 'IT--meson, which indicates that these mesons
were not produced in the collision by a simple sta
tistical process. These data are consistent with the
isobar model of the nucleon which assumes that
in the collision of the incident 'IT--meson with the
proton a 'IT+-meson is emitted from the proton,
leaving it as a neutron in an excited state which
then decays in a very short time into a proton and
a 'IT--meson.

Theoretical work on particle physics has been
conducted in the following areas.

A new formulation of the general theory of two
body reactions has been made; it should be par
ticularly useful when highly relativistic particles
are involved (in particular photons).

A detailed investigation of possible new sym
metry properties of the interactions of strange par-
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Figure 1. Decay scheme of Jr'"2.
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ticles has been carried out, with interesting conse
quences concerning the magnetic moment of the
A and ~-particles.

In a somewhat different direction, a careful
study has been made of the older well-established
conservation laws, such as conservation of charge,
etc., to determine to what degree of precision it
can be said that these laws are tested by existing
experiments, and to suggest new experiments de
signed to extend the limits of validity even further.

Several possible rare decay modes of particles
have been studied. One object of these calculations
is to find ways to distinguish between assumptions
about the intrinsic parity of the particles con
cerned.

Various strong-coupling models of nucleons and
hyperons have been studied in connection with the
question of the mass differences arising from elec
tromagnetic self-energy effects.

The study of the general theory of many-body
systems has been pursued, with particular atten
tion not only to the applications to nuclear struc
ture, but also to related problems in the theory of
metals and liquids.

Various other calculations have been made in
connection with recent experimental investiga
tions, such as 'IT"-4e decay, pion production by
pions, etc.

The close agreement between the Lamb shift
and the observed splitting of the 2S-2Pl/2 hydro
gen levels was used to conclude that the electric
dipole moment of the proton must be <1.3 X 10- 11

cm times the charge of the electron. Finally, the
synchrotron oscillations in the Cosmotron were
studied by using the IBM 704 computer for con
ditions corresponding to initial rf capture of the
protons. The results were in good agreement with

NUCLEAR STRUCTURE
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Researches in this field may be divided into two
broad classifications: those involving the study of
the characteristics of unstable nuclei produced by
nuclear interactions, and those concerned with the
instantaneous products of a nuclear reaction. The
term instantaneous is used here in the relative
sense and applies to those reaction products which
follow the interaction of a particle or radiation
with a nucleus in a time too short to be readily re
solved with existing techniques. Observations of
the ways in which unstable nuclei are produced
and transform into stable nuclei (radioactive de
cay) give information about the characteristics of
both the original unstable nucleus and the final
stable nucleus. The analysis of these data and the
study of the systematics of the decay process yield
information concerning the energy level structure
and properties of atomic nuclei.

The researches dealing with the instantaneous
products of a nuclear reaction also yield informa
tion on the energy levels in nuclei. In these cases
the identity and energy of the interacting particles
or radiation, together with the identity and energy

actual observations of this phenomenon. This in
creased understanding of the pickup phenomenon
is expected to lead to improvement in the intensity
of the proton beam capture.
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in principle occur through emission of two photons
via an appropriate spin 1 intermediate state (the
"giant resonance," for example). This two-photon
emission would compete with the usual allowed
modes of decay, namely, internal conversion and,
if energetically possible, nuclear pair emission.
The nucleus chosen for a search for the two-photon
emission was Y90~ Zr90*. A Q+ state at 1.73 Mev in
Zr90 is populated by f3- emission in ::::; 10-4 of the
Y90 decays. No nuclear gamma-rays are known.
The 0+~Q+ transition occurs by both pair emission
and emission of internal conversion electrons. To
determine whether the two-photon process occurs,
a search was made for gamma-gamma coincidences
in which the total energy release was 1.73 Mev. No
such process was detected. If present, it must rep
resent <1/10 4 of the decays of the 1.73-MevO+
state.

The lifetime of the 2.62-Mev 3- state in Pb208

has been measured by fast coincidence techniques
to be (4-+-2)X 10-11 sec. This lifetime represents a
speed-up factor of::::;6 over a single-proton transi
tion and would imply the existence of a collective
feature in the E3 transition in doubly magic Pb208

•

The technique of nuclear resonance fluorescence
has been used for the measurements of the life
times of the first excited states of several semi
magic even-even nuclei. Figure 3 shows a sche
matic diagram of the experimental equipment.
Figure 4 shows the NaI scintillation spectrum

of the products of the reaction, can be interpreted
in terms of the energy level structure of nuclei.
The ways in which these nuclear levels may be ex
cited and the systematics of the level structure in
isotopes consisting of different numbers of protons
and neutrons are the basis for the formulation of
theories about the fundamental structure of atomic
nuclei.

The studies of the characteristics of unstable
nuclei continue to yield many results of general
interest. A systematic search for long-lived isomers,
begun eight years ago, has yielded the first positive
result. In Ir '92 , for which two isomeric states were
already known, a third has been discovered with
a half-life >5 years. Since triple isomerism is a
rare phenomenon, this case was studied in detail.
The results are summarized in Figure 1. Another
isomer, 16.3-min Ta '82m

, had previously been in
completely understood because of the complexity
of its decay scheme. Investigation of this isomer by
various methods has shown that its decay consists
of several competing cascades (Figure 2). The first
two excited states have been interpreted as being
due to rotational excitation of the ground state.

Because of the importance of the spin and pari
ty of Eu152m to the determination of the helicity of
the neutrino (reported last year), further studies
have been made of the properties of this isomer.
The evidence from molecular beam experiments
(see "Atomic and Molecular Physics," this section)
and from beta-gamma angular correlations rather
conclusively confirms the assumption that this iso
mer has spin 0 and odd parity, as was required for
a simple interpretation of the neutrino helicity ex
periment.

A limit on possible nonconservation of angular
momentum in nuclei has been placed by an ex
periment designed to detect a single-photon tran
sition between the 690-kev 0+ excited state in Ge72

and the 0+ ground state of Ge72
• The decay of this

state proceeds via emission of an internal conver
sion electron. The decay via the single-photon
process was not observed; if present, it occurs at
least 1300 times more slowly than the internal
conversion process. Since a dipole gamma transi
tion would be expected to be ::::; 106 times faster
than the 0+~O+ conversion electron mode, it may
be concluded that there is not more than 1/V 109

admixture of a spin 1 state in either of the 0+ states
in Ge72

•

Although a Q+~o+ transition is strictly forbid
den for a single-photon process, the transition may

•

•

..

•

•

•
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Figure 4. A. Pulse height distribution in the region of the
resonance line from a Ce metal scatterer. B. Pulse height
distribution obtained with a nonresonant Nd comparison
scatterer.
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tained for the ratio of the squares of the Gamow
Teller to Fermi coupling constants in the beta
decay interaction. The matrix elements necessary
for this analysis were calculated from the simpli
fied nuclear models applicable to these special
groups of transitions. Theft value of the neutron
leads to a value for CGT

2/CF 2 of 1.42+0.06, in
agreement with the ratio obtained from the cor
relation coefficient for the beta-particle momen
tum and the spin direction of the decaying neu
tron. Theft value for the decay of H 3 is also in
good agreement with this ratio if the Gamow
Teller matrix element for this transition does not
differ appreciably from that predicted by the indi
vidual particle model. Theft values of the heavier
mirror nuclei, 0 15

, F17, and Ca3
", are consistent

with a considerably lower ratio. In particular, the
ft values of 0 15 and F17, for which the Gamow
Teller matrix elements are considered the most
reliable because the magnetic moments of the
daughter nuclei are especially close to the Schmidt
limits, lead to a value for CGT 2 / CF 2 of 1.16+0.05.
These results are consistent with recent theoretical
considerations which suggest that meson exchange
effects may give rise to appreciable corrections in
the calculation of the matrix elements.

SCATTERER

§~~~~~~~La 140 SOURCE
POSITION

when a resonating Ce scatterer or a nonresonant
Nd comparison scatterer was used. In this case, the
source was :::::300 mC La'40 in water solution. The
use of solid and liquid sources of the order of 1/2
curie of activity permits the observation of reso
nances and the measurement of self-absorption
cross sections of levels with mean lives shorter than
10-12 sec. Measurements have been performed on
the first excited states ofCe140

, Sr8
", and Cr52

• The
mean lives of these states are (1.10+0.15) X 10-13

sec, (1.15 +0.4) X 10-13 sec, and (8 + 2.5) X 10-13

sec, respectively. It is interesting to note that the
probabilities of all these transitions are 13 times
larger than those expected from the Weisskopf
single particle estimates. A similar resonance fluo
rescence self-absorption experiment yielded a life
time of(3+1) X 10-13 sec for the 0.670-Mev state
of CUS3

• The observation of resonance fluorescence
from solid and liquid sources also provides some
information regarding slowing-down time of beta
decay recoils in different environments.

The decay schemes of several other isotopes
have been studied. These include CU 66

, GaS6
,

Pr140
, Pm143, Pm14\ Tb '5S , Ir188

, Ir '89 , and Ir '°O
•

Under the Columbia-BNL cooperative pro
gram, the ft values of 0 15 and Ca39

, which belong
to the special group of "doubly closed shell + one
nucleon" mirror transitions, have been precisely
determined. Accurateft values of the other mem
bers of this group as well as of the 0+~O+ transi
tions have also been reported recently by other
investigators.

An analysis was made of theseft values to de
termine whether a consistent value can be ob-

~ Pb

[]J] HEAVY MET

~ AI

Figure 3. Experimental arrangement
for resonant scattering experiments.
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The properties of Re6and its beta decay to Li6

are also being investigated under the Columbia
BNL program. An experiment has been per
formed to determine the nuclear magnetic mo
ment of Re6. Since this is an even-even nucleus, it
is expected on theoretical grounds that its spin and
magnetic moment are zero. The magnetic mo
ment was measured with a Stern-Gerlach type of
atomic beam apparatus especially constructed for
this experiment. No effect to indicate that the
moment of Re6 differs from zero could be de
tected, and an upper limit of 0.16 nuclear mag
netons was derived from the sensitivity and pos
sible sources of error in the apparatus. As it is dif
ficult to construct a model of the Re6 nucleus that
has a magnetic moment this small and also a finite
spin, it is concluded that the ground state spin is
zero as predicted. The Re6 beta spectrum was re
measured, and the end point of the spectrum was
found to be 3.508+0.020 Mev. An experiment is
in progress to measure the beta-neutrino angular
correlation coefficient in Re6 decay by a new
method.

Further theoretical studies have been made of
the RaE problem to determine whether the life
time, spectrum shape, and electron polarization
can be described by a shell model calculation.
Since it has been found that no single shell model
state is adequate, a wide mixture of such states
was tried, the calculations being made on the IBM
704 machine at the AEC Computing Center at
New York University. The results so far obtained
seem to answer the question negatively.

Theoretical studies have also been carried out
on the general theory of many-body systems as
applied to problems in nuclear structure.

Two major articles are being prepared by the
theoretical group in the field of nuclear structure.
A monograph, Electromagnetic Radiation From Nuclei,
has been submitted to the Oxford Press. An article
on nuclear effects in the internal conversion coef
ficient is being prepared for publication in Ann.
Rev. Nuclear Sci. This article is in part a review of
the theory and experimental work on the dynam
ical nuclear effects. In addition it includes an in
vestigation of various "small" effects not previous
ly considered explicitly, such as the validity ofcal
culations and the significance of deviations from
calculated values.

The charged particles available from the Van
de Graaff accelerator have been used in a number
of problems relating to the structure oflight nuclei,

7

including several concerned with the radioactive
decay of short-lived isotopes produced by the
charged particles. In this category studies of the
decay schemes of Be", C1\ N 16, and 0 19 were
made and completed during the year. Equipment
used included the intermediate-image magnetic
beta-ray spectrometer and a variety of scintillation
spectrometers.

The pulsed beam facility of the research Van de
Graaff accelerator has been used in studies of
gamma-ray lifetime in the 0.87-Mev first excited
state of 0 17. From research using another method
it is known that this half-life is ;:::;2 X 10-10 sec. The
pulsed beam from the Van de Graaff consists of
bursts of charged particles of;:::;3 X 1O-9-sec dura
tion. These short pulses make it possible to meas
ure the lifetime of nuclear states by using a de
layed coincidence method. During the course of
this work several significant advances in the art of
pulsed beam measurements have been made.
Among these may be cited the timing of the beam
pulse by making the target assembly part of a cir
cuit tuned to the terminal-pulsing oscillator fre
quency, the elimination of counting-rate shifts in
the time spectrum by a blocking circuit, and the
installation of a Compton spectrometer arrange
ment which allows energy discrimination of the
gamma-rays to be made without interfering with
the fast coincidence operation.

The scattering of high energy gamma-rays from
a variety of elements was studied. In these experi
ments the density of levels that can resonantly
scatter gamma-rays was determined with the pur
pose of looking for systematic effects of nuclear
structure.

NEUTRON PHYSICS

Studies of the interactions between neutrons
and atomic nuclei continue to yield information
important to the better understanding of the prop
erties of matter. In a continuing program ofre
search in neutron physics at the reactor, investiga
tions have been made of the scattering of very slow
or "cold" neutrons by solids and liquids, with the
slow chopper serving to measure the energy of the
scattered neutrons by time of flight. The spectrum
shape of the incident cold neutrons, produced by
beryllium filtration, is determined by scattering
from a thin sheet of vanadium, which is essentially
an elastic incoherent scatterer. The neutrons scat
tered at 90° by extremely thin (as little as 0.2 mm
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in thickness) samples of water were studied. The
spectrum of the scattered neutrons is shown on a
time-of-flight scale in Figure 5, corrected for in
strumental effects. The graph reveals the presence
of a number of energy levels, in contrast to the
continuum of energy changes to be expected from
a classical liquid. Thus it appears that water is not
a suitable material for simple application of the
present theory of scattering of neutrons by liquids.

The prominent peak corresponds to a gain in
energy of the neutrons of 0.061 ev; this agrees with
a value found much earlier by infrared methods.
However, the infrared measurements are not pos
sible at much lower energies, while the use of scat
tered neutrons extends the range of investigation a
hundredfold lower, to the region of microwave
absorption.

The very small energy changes near the energy
of the incident neutrons, which appear as two
peaks in Figures 5 and 6, represent the transfer

from and to the liquid of the same amount of ener
gy, 0.7 X 10-3 ev. This surprising effect corresponds
to no known transition in liquid water, even
though the observed energy closely approximates
that of a recently found line in the microwave
spectrum of water vapor.

Further studies of the small energy changes
arising from the diffusive motions of molecules of
water are being made at different temperatures.
In addition, water vapor and ice, as well as liquid
D 20, are being investigated.

The fast chopper is being used at the reactor in
a continuing study of total neutron cross sections
in the energy range of its applicability, from a few
ev to several kev. Such measurements have yielded
much information of value for testing optical
models of the nucleus. The parameters of individ
ual energy levels obtained from the analysis of the
total cross sections, as well as the average cross sec
tion method, which is applicable in the region of
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a few kev, have been used to obtain further meas
urements of the "strength functions" for nuclei
from A =95 to A =239. These results are in very
good agreement with those predicted for an opti
cal model which includes certain refinements,
notably a diffuse boundary and deviations from
the spherical shape. Similar support for this theory
has been found in the correspondence between
predicted values of the radius and those measured
by cross sections for potential scattering.

A fast chopper like the one at BNL is now in
full operation at the NRU reactor at Chalk River,
Ontario, Canada. As mentioned in last year's re
port, this is a cooperative undertaking of Atomic
Energy of Canada Limited and Brookhaven, with
personnel from both laboratories participating in
experiments which take advantage of the high flux
available at this reactor. The chopper with all its
accessories, a 1024-channel time-of-flight analyzer,
a bank of enriched BF3 detectors, a detector for
capture gamma-rays, and other pieces of experi
mental equipment were constructed at BNL. The
in-pile collimator, a scattering can, and a D 20
circulating system were contributed by AECL,

Relative Transition Probabilities of Ground State
Gamma-Rays Emitted From Specific] =1 Levels in W l84

(The levels are identified by the energy of the correspond
ing neutron resonances. The reduced neutron widths of

these resonances are also listed.)

Table 1
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which is also constructing a flight path of 85
meters, to be completed this fall.

Since the completion of the installation of the
equipment in March 1959, the study of capture
gamma-rays initiated at BNL has been continued
at the NR U reactor. The gamma-rays are de
tected by scintillations produced in NaI crystals
surrounding the target. In favorable cases it is pos
sible to identify the spin of the levels from which
the gamma-rays are emitted in transitions to the
ground state. For example, an electric dipole
ground state transition of 7.42-Mev energy in the
compound nucleus W '84 is allowed for the] = 1,
but forbidden for the] =0 levels. Thus, the count
ing rate 0 bserved as a function of the bias of the
pulse height analyzer permits the determination
of the spin oflevels associated with the capture of
neutrons of resonance energies.

The method has a great advantage over typical
gamma-ray experiments using thermal neutrons
in that it permits investigation of relative transi
tion probabilities from levels separated by only a
few ev to the same final state, some 6 or 7 Mev
away. The transition probabilities of the ground
state gamma-rays for the five] = 1 levels in W,84

are given in Table 1 relative to the average value,
taken as unity. The absolute value of this average
probability, obtained by comparison with thermal
neutron results, is 2.6 X 10-3 ev, expressed as a par
tial radiation width. The reduced neutron widths
of these levels are also listed for comparison, and
it can be seen that the wide variation in these
widths is not found in the gamma widths of the
levels, for which the average deviation from the
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Figure 6. Details of the scattered neutron spectrum from
water near the "elastic peak." The dashed curve shows
the incident spectrum as it would be observed with a thin
vanadium scatterer. The scattered neutrons from water
are seen to coincide with the incident spectrum in the
region ofthe sharp rise, indicating little diffusive scatter
ing. The two small peaks at energies lower and higher
than the sharp edge correspond to neutron energy loss
and gain of O. 7 X 10-3 ev.

*Mean value =1.00.

4 5 6
FLI GHT T IME , msec Neutron

energy, ev

7.6
27.1
41
47
66

Reduced
neutron

widths, 10-3 ev

1.2
9.2
0.16

37
0.26

Relative
transition

probability*

1.27±0.24
1.01 ±0.03
0.53±0.12
1.00±0.04
1.19±0.27
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mean is only 20%. This result is surprising in view
of current theory which assumes that individual
gamma-rays would show as much variation from
level to level as is observed for neutron widths.

Measurements for other similar nuclides are
continuing with the fast chopper at Chalk River,
where the higher resonance neutron flux greatly
facilitates the accumulation of data.

With the further accumulation of new data on
neutron cross sections and the refinement of old
measurements, as increased resolution permits, it
has become evident that a supplement to the sec
ond edition of BNL 325, Neutron Cross Sections, is
needed. The first edition was prepared in time for
the first International Conference on the Peaceful
Uses of Atomic Energy at Geneva in 1955. The
second edition was made ready for the second such
conference in 1958, where it was in great demand,
and a thousand copies were given to the delegates.
So rapid was the progress made between the two
editions that less than one third of the material in
the first edition remained unchanged. The format
used in the second edition will be retained in the
supplement. It is anticipated that copies will be
available early in 1960.

Crystal spectrometers are used at the reactor to
produce highly monoenergetic beams of slow neu
trons and to analyze in fine detail the energy dis
tributions of slow neutrons in cross section meas
urements. For one of these spectrometers a filter
has been developed which eliminates high order
contamination in the low energy region (0.01 to
0.10 ev) and thus makes possible very precise
measurements of total cross sections through the
thermal region. The cross sections of many iso
topes of special interest to the AEC are being
measured in the low energy range with special at
tention to the preparation of accurate samples.

The activation of In"' has been studied at the
two lowest neutron resonances, and the differences
in the production of the 13-sec and 54-min activi
ties have been verified.

A search was made for differences in the ratio of
symmetric to asymmetric fission at different reso
nances in U",'o, but no effect was found within ex
perimental uncertainties.

By using polarized target nuclei and a polarized
neutron beam it is possible to determine the angu
lar momenta associated with various neutron reso
nances. For this purpose, a spectrometer which
produces monochromatic polarized neutrons has
been designed and is in the final stages of con-

struction. A cryostat for polarizing the target nu
clei is an integral part of the new instrument. Con
siderable effort has been devoted to the problem
of cooling the nuclear samples to the required tem
perature range of 0.01 ° to 0.05°K. These temper
atures must be maintained for long periods of
time, and simultaneously the relatively large pow
er input resulting from the neutron-beam-induced
radioactivity of the sample must be dissipated.
The primary difficulty encountered thus far is that
of maintaining an adequate vacuum in the sample
region. Techniques developed for assembling the
cryostat have eliminated most of these difficulties,
and a system has been devised to eliminate the use
of He exchange gas for removing the heat of mag
netization from the paramagnetic salts.

Under the Columbia-BNL research program,
studies of both nuclear and molecular phenomena
are being conducted with a single-crystal neutron
spectrometer at the BNL reactor. New techniques
developed under a continuing program of spec
trometer improvement have made available for
these investigations monoenergetic neutron beams
of any desired energy between 0.0006 and 20 ev.
Particular emphasis has been given to problems
requiring high precision cross section measure
ments at thermal or subthermal neutron energies.

The absolute fission cross section of U""', at
thermal energy was measured by a new method.
This important cross section has been measured
many times; however, large discrepancies exist in
the published results. Even the two most recent
measurements, each with a reported error of::::: 1%,
differ by as much as 10%. An absolute determina
tion of the ratio of the total to fission cross sections
of U 2

:J5 was made with the crystal spectrometer at
0.0029 ev. Two multiple-plate ionization cham
bers, one containing U 2 :15 and the other B'O, were
constructed to be as identical as possible. The fis
sion events were measured in the U235 chamber,
and the neutron flux was determined from a com
parison of the counting rates in both chambers
placed alternately in the same beam. The quanti
ty of U"35 and B 10 was determined by transmission
measurements. This ratio of cross sections, when
combined with known scattering, absorption, and
relative fission cross section measurements, leads
to the values (Jabsorp! i on/ (J fiS5 ion) = 1.171 -+-0.009
at 0.0029 ev, and (Jfission=580-+-7 b at thermal
energy for U 215

•

The measurement of the strength of the non
magnetic neutron-electron interaction has been
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completed and reported by the Columbia group.
This interaction has been the subject of many
theoretical and experimental investigations. Foldy
has pointed out that a spin and velocity-independ
ent interaction equivalent to a potential well
having a radius equal to that for the classical
electron and a depth of 4080 ev is expected purely
on the basis that the neutron possesses an anoma
lous magnetic moment. Although measurements to
date have yielded an attractive interaction of the
order of 4000 ev, current theoretical considera
tions of the meson role in the structure of the
nuetron predict a much larger value. Thus, an ac
curate experimental determination of this quantity
is of importance because it provides a stringent test
of any meson theory. The neutron-electron inter
action strength was determined from a set of pre
cise measurements of the variation in the neutron
transmission of liquid bismuth over the range 0.1
to 10 ev. After correction for neutron capture,
Doppler effect, and liquid diffraction, a value of
Vo=-4.34-+-0.14 kev is obtained for the depth of
the potential well.

In cooperation with the Physical Chemistry
Department of Columbia University, a study is
being made of the scattering of slow neutrons by
hydrogen atoms bound in various compounds.
The effective cross section of hydrogen has been
measured between 0.0006 and 3.0 ev for a series
of metallic hydrides, ZrH2, TiH2, PdHo.7 , VHO•66 ,
YH1.6' YH2.2, and YH3 , and for water, polyethyl
ene, and paraffin. The slope of the cross section vs
wave-length curve for very low energy neutrons
qualitatively corresponds to the different types of
chemical binding in these compounds. Above
thermal energy, the cross sections for several of the
metallic hydrides exhibit peaks corresponding to
the excitation of optical modes of vibration of the
hydrogen in the crystal lattice.

Two techniques have been developed by the
Columbia group to extend the useful range of the
crystal spectrometer to energies smaller than that
of the pile spectrum peak (::::::0.08 ev). In this
range the neutron beams from most crystal mono
chromators become excessively contaminated with
the higher order Bragg reflections, which makes
accurate cross section measurements difficult or
impossible. The neutron reflectivities of crystals of
various structures were investigated to find a
monochromator to minimize this contamination.
In the first method, a single germanium crystal
monochromator is used together with a neutron
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filter composed of large quartz crystals and a BF3

counter with a detection efficiency proportional to
the neutron wave length. This combination re
duced the total higher order contamination in the
neutron beam of the crystal spectrometer to
<'ho% at thermal energy and to ::::::1 % at 0.01 ev.
In the second method, the mechanical neutron
velocity selector was redesigned for use as a con
tinously variable neutron filter to remove higher
order contamination from the spectrometer beam
for all wave lengths> 1 A. From 1 to 3.5 A, the
germanium crystal is used as the primary mono
chromator. A mica crystal, which has a larger
crystal plane spacing, is used between 3.5 and
12 A. The higher order contamination has been
experimentally determined to be <V2% over the
entire range.

The charged particle beams from the 60-in.
cyclotron and from the Van de Graaff accelerator
have been used in the study ofsome (p,n) and (d,n)
reactions. Using the 10-Mev proton beam from
the 60-in. cyclotron, a guest scientist from Rutgers
University has been studying the f19(p,n)Ne'9 re
action. The neutron spectrum is studied by recoil
protons in nuclear track emulsions. The problem
is complicated by the background caused by a
small (1 to 0.1 %) deuteron contamination in the
proton beam, but a method has recently been de
veloped by which this contamination is reduced
by a factor of at least 103

•

A guest scientist from Haverford College has
been using the proton beam from the 60-in. cyclo
tron to investigate the existence and character of
possible levels in Be6 by observing the neutron
spectrum from proton bombardment of Li6. Defi
nite neutron groups can be distinguished and the
problem is almost completed.

The pulsed beam facility at the Van de Graaff
accelerator has been used in studies of the neutron
spectra and their angular distribution from some
(d,n) reactions. The neutron energies are deter
mined by time-of-flight technique, since the deu
teron pulse at the target is only 3 X 10-9 sec in
duration. Measurements have been made of the
neutron spectra in the (d,n) reactions from target
nuclei, Li\ C'2, and 0'6.

ATOMIC AND MOLECULAR PHYSICS

The techniques of atomic beams and paramag
netic (electron) resonance are being used in a con
tinuing program of measurements of nuclear spins
and magnetic moments.
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Figure 7. Radiation damage event in copper. Computed trajectories of atoms are shown. Damage
event has been initiated by endowing atom at A with 100 ev of kinetic energy in a [111] direction.

The atomic beam apparatus has been used to
measure the spin of the EU '52m (9.3 hr) nucleus.
The result of this measurement was of particular
interest to the Nuclear Structure group in con
nection with the measurement of neutrino helicity.
The spin 0 assumed in the neutrino work was sat
isfactorily confirmed. While the atomic beam
technique cannot positively determine a zero spin,
it can demonstrate that if the nuclear spin were
>0 any magnetic moment would be improbably
small, with 0.004 as an upper limit.

Progress is being made toward the measurement
of the magnetic moment of Cs134m (3.1 hr). To
achieve the accuracy of one part in 103 desired for
measurement of the hyperfine structure anomaly,
the rf system must be capable of long-term stabili
ty and precision of at least one part in 107

• Refine
ments of the rf system to accomplish this are in
progress.

The study of the nuclear spin of V 49 has been
continuing. The low isotopic concentration in the
available sample makes this measurement very
difficult.

A cooperative program between the Chemistry
Department and Nuclear Moments group at BNL
and the Physics Department at the University of
Wisconsin was undertaken to determine the spin
of the A 37 nucleus. The material was prepared at
BNL and examined by optical interference spec
troscopy at Wisconsin. The results show rather
conclusively that the spin is o/z.

Guest scientists from Princeton University are
investigating the magnetic moment ofNa21 as part
of a program of measurements of the magnetic
moment of mirror image nuclei. Because of the
short half-life (23 sec) of this nucleus, the entire
experiment must be done in close association with
the 60-in. cyclotron, where the charged particles
are used to produce the Na21 nuclei. The sodium
is to be aligned by optical pumping. If this tech
nique of aligning radioactive nuclei at room tem
perature is successful, it will be used in other types
of investigation concerned with symmetry proper
ties of nuclei.

SOLID STATE PHYSICS

Theory

Most of the work of a theoretical nature during
the year has been on the production and proper
ties of defects in crystals. Several calculations have
reached the stage of giving important results, al
though none of them is completely finished.

An extensive study of the displacement of atoms
during irradiation of a solid is now under way.
The equations of motion for a many-body system
are being solved numerically with the use of the
IBM 704 at the AEC Computing Center at New
York University. A set of 500 to 1000 atoms, rep
resenting a portion of a copper crystal, is now be
ing treated. The atoms are allowed to interact
with pairwise repulsive forces of the Born-Mayer
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type, and the atoms on the boundary of the set are
subjected to additional forces which hold the set
together and represent the constraining and dis
sipative effects of the surrounding material. An
atom on the interior is initially set into motion, as
though it had just been struck by a bombarding
particle. The computing machine then finds the
coordinates and velocities of the atoms in the set
at subsequent times, the calculation being carried
to the stage at which the atoms have come to rest
again in a damaged configuration.

Some early results with a set of 446 atoms ar
ranged in 4 X 4 X 5 cubic unit cells of a face
centered cubic lattice are shown in Figures 7 to 9.
Figure 7 shows the results of projecting the atom
at A along the [111] direction with an initial ener
gy of 100 ev. The left side of the figure shows tra
jectories of atoms in the (110) plane. Initial posi
tions of atoms are represented by large open cir
cles, and the positions at time 44 (1 time unit
=3.3X 10-15 sec) are shown by black dots. Atoms
for which no trajectory is shown suffered only neg
ligible displacements. The atom at A is seen to re
place the atom at B, which then displaces the
atom at C; the atom C becomes an interstitial at
C', and a vacancy remains at A. Disturbances of
the atoms near the line of major action are also
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shown; no permanent displacements occur here.
The right side of the figure shows Z-displacement
vs time for the atoms along the line of major ac
tion (atoms A, B, and C).

Figure 8 shows the trajectories resulting when
an atom (A) is set in motion with 40 ev of kinetic
energy in a direction in the (001) plane making an
angle of 15

0

with the [100] axis. The initial posi
tions of atoms in the planes immediately above
and below the plane of major action are shown by
small black dots. The large black dots show the
positions of atoms in the plane of major action
after 99 time units. Replacement collisions can be
seen at Band C, an interstitial has been formed at
D, and a vacancy remains at A. Also notable are
the chains ofstrongly focused collisions along (110)
and (100) directions, including the chains AD,
AE, FG, BH, etc. The (110) focusing was pre
dicted by Silsbee by considering an isolated line
of hard spheres, but the (100) focusing occurs only
because of the influence of neighboring lines of
atoms and had not been anticipated. Some further
relaxation of atomic positions is expected, but the
general features of the lattice disruption are al
ready evident.

Figure 9 shows an event similar to that in Fig
ure 8 but different in detail. Atom A was initially

Figure 9. Same as Figure 8 except that the initial velocity
of atom at A makes an angle of22V2° with the horizontal.
Note greater disturbance along line A C and smaller dis
turbance along AB.

\•

..

...

•

..

..

•

..
H

Figure 8. Trajectories and displacements produced in
copper by a knock-on atom started at A with 40 ev of
kinetic energy and directed in the (001) plane at an angle
of 15° above the [100] direction.
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projected in the (001) plane at an angle of 221/2
0

with the [100] axis, and with an initial energy of
40 ev. A focusing chain AB is again seen, but
atoms in this chain return to their original sites,
while a chain of replacements occurs in the diago
nal direction A C, and an interstitial appears to
have been produced at C. The end point in this
figure is again at time 99. Calculations are being
continued to ascertain the true end point of this
and similar events. The disturbance generated in
the plane just above the plane of major action is
also indicated in Figure 9, small black dots repre
senting atoms in this plane at time zero and the
crosses indicating atoms in this plane at time 99.
The relaxation is rather small except in the vicini
ty of the vacancy at A.

These calculations are being carried forward
with the following specific aims (in the case of
close-packed metals):

a) Determination of an adequate interaction
potential between pairs of atoms at moderately
close approach.

b) Determination of the probability of produc
ing a lattice defect as a function of knock-on
energy.

c) Determination of the principal kinds oflat
tice defects formed in radiation damage and the
relative frequencies with which various defects are
formed.

d) Assessment of the importance of replacement
collision and focusing effects.

e) Settlement of the question of whether crowd
ions can be formed, and if so, whether they have
dynamic or static stability.

f) Determination of the extent to which point
defects may be formed in clusters.

g) Assessment of the validity of existing spike
and cascade models of radiation effects, and in
sight into the possibilities of improving them.

The properties of defect clusters are also under
active investigation. A machine calculation has
been made of the migration and binding energy
of a trivacancy in copper with the use of a Morse
function. It was found that a very large relaxation
occurs for one atom into the trivacancy. This re
laxation causes the trivacancy to be shared equal
ly by four atomic sites and results in a large con
tribution (:::::;2.3 ev) to the binding energy. The
migration of a trivacancy requires a partial dissoci
ation of this configuration. The energy of migration
is calculated to be 1.9 ev. Thus, a trivacancy is
highly stable and quite immobile, and therefore is

probably the nucleus for void formation. For pur
poses of comparison the migration energies of
mono- and divacancies were also computed by the
same method without relaxation. These energies
are 1.3 and 0.2 ev, respectively. This work was
done in cooperation with the Lewis Research
Center of the National Aeronautics and Space
Administration.

A theoretical investigation of the properties of
interstitial halogen in sodium chloride is nearing
completion. The calculation of equilibrium ar
rangements in a lattice of the sodium chloride
type, when an additional neutral ion is added, has
been carried out by making expansions for the
electrostatic, polarization, and repulsive energy
terms. These expansions have been made in terms
of the displacements of the regular ions from their
normal positions and of the displacement of the
additional ion from an arbitrary position in the
lattice. For small displacements these approximate
expansions are found to be sufficient to represent
the energy when carried to the second order in the
coordinates of the displacements. By using the
equilibrium condition that the derivative of the
energy with respect to each coordinate is zero, a
set of simultaneous linear equations is obtained
which can be solved uniquely for the displace
ments. The distortion around Clo in NaCI has
been determined for several Clo positions. Calcula
tions of the energy of formation and motion of CI()
are In progress.

Radiation Effects

Radiation effects and other departures from
perfect periodicity are under investigation with
many diverse techniques. This is one of the major
research activities in solid state physics.

There has been considerable speculation about
the production and properties of thermal spikes
(i.e., rapid heating and quenching of a small vol
ume of a material) during irradiation, but no
clear-cut experimental evidence has been found
for or against the existence of such spikes except
in fissionable materials. Experiments have been
started on the gray-to-white tin transformation, a
highly favorable process for indicating the pres
ence of thermal spikes. The experiment consists
of irradiating gray tin at a temperature below that
at which it converts to white tin and detecting the
presence of white tin by means of x-rays. Calcula
tions of thermal spikes in gray tin, assuming ir
radiation with I-Mev neutrons, suggest that the
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temperature should be raised by several hundred
degrees in regions of appreciable size. In these re
gions sufficient amounts of white tin should be
produced to be detectable by x-rays after a 3-day
irradiation in the reactor, assuming that all the
tin raised above 13°C becomes white. Application
of the Clausius-Clapeyron equation also indicates
that the gray-to-white tin transformation is partic
ularly favored because the increase in pressure
accompanying a spike reduces the transition tem
perature enormously. One experiment has been
completed in which a powder consisting primarily
of gray tin was irradiated at a temperature of _16°
to - 20 °C. The ratio of the intensities of Bragg
reflections from white tin to those from gray tin
for scattering angles <45° was 8.5% before irradi
ation. It was expected that this ratio would be
larger after irradiation because of the presence of
thermal spikes during the irradiation leading to
transformation to white tin. However, the post
irradiation ratio was 2.7%. Thus, according to this
experiment thermal spikes either were not pro
duced by the irradiation or were not of sufficient
intensity to produce any gray-to-white-tin trans
formation. On the contrary, some white-to-gray
transformation was produced, probably by radia
tion-enhanced diffusion. Thermal spikes could not
speed up the disappearance of white tin because
the maximum rate in this transformation reaction
occurs at - 30 °C, and the irradiation was done
above this temperature. The experiment will be
repeated at 0° C. At this temperature, the white
to-gray transformation proceeds::::: 100 times more
slowly than at the temperature of the previous ir
radiation, and any reconversion of white to gray
tin is minimized.

Other solid state reactions are also under study.
The investigation of radiation-enhanced diffusion
in a-brass is being continued. It was shown previ
ously that neutron and electron irradiations en
hance diffusion in this system. Recent experiments
have shown that gamma irradiation at room tem
perature also enhances diffusion, presumably by
means of displacement production by Compton
electrons. For many experiments it is worth while
to take advantage of the homogeneous irradiation
in a gamma source, even though long over-all ir
radiation times are required. A study of the tem
perature dependence of the gamma-ray enhance
ment of diffusion is now under way.

A program has been initiated to investigate
radiation damage in metals by using a low fre-
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quency internal friction apparatus and comparing
the effects to those of quenching and cold work.
Of particular interest is the effect of neutron irra
diation on body-centered cubic metals, specifically
iron. It is expected that neutrons will produce iron
interstitials in the iron lattice and that these inter
stitials will induce a peak in the damping vs tem
perature curve in a manner similar to that char
acteristic of carbon interstitials in iron. An appara
tus of the torsion pendulum type that will cover a
temperature range from 77 ° to 373 ° K has been
designed and is now being assembled.

No further progress can be made with the spec
trometers now on hand in characterizing the vari
ous absorption bands formed in Al20 3 and fused
silica by irradiation. Additional bands could be
measured with a vacuum ultraviolet spectrometer,
and more information on annealing characteristics
(and perhaps on new bands stable at low tempera
ture) could be obtained if equipment were avail
able for reactor irradiation at liquid nitrogen tem
peratures. The liquid nitrogen facility is being re
built and should be available for use during the
coming year. Crude equipment for gamma-ray
irradiations at liquid nitrogen temperatures is now
available. Determinations ofthe thermal annealing
characteristics of these radiation-induced bands
has progressed to the point where it is clear that
the annealing proceeds in two steps. The first is
probably electronic and involves only processes
such as the untrapping of electrons or holes, while
the second, which occurs at a somewhat higher
temperature than the first, involves the destruction
of the defect responsible for the trapping of car
riers. The division of the annealing into two
stages is particularly marked in the case ofa band
in fused silica at 5.75 ev, where it is found that any
color removed by heating the sample up to 270°C
can be restored by irradiation with gamma-rays.
When the material is heated above this tempera
ture, the color is removed permanently. At least
two other bands in this material show the same
basic behavior, but the critical temperatures are
different. Roughly the same behavior occurs in
A1 20 3 , but the division between the two annealing
stages is not so clear.

The factors contributing to the gamma-ray
induced coloring ofKCI and NaCI now appear to
be reasonably well understood. There are crystal
to-crystal variations which are probably related to
the densities of impurities, vacancies, and disloca
tions in the crystals. These variations are not com-
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pletely understood but can be controlled some
what by using samples from the same mother
crystal. Theoretical studies of the kinetics of radia
tion-induced coloring have progressed to the point
where a good phenomenological description is
available for any material in which the annealing
is unimportant. Alkali halides are not in this cate
gory, but the kinetics appear to be applicable to
them as well. Very good agreement between theo
ry and experiment is obtained for the growth of
color centers in some glasses chosen for study be
cause they anneal only slightly at room tempera
ture.

The formation and growth of color centers in
alkali halides subjected to reactor irradiations has
until recently appeared to be nonreproducible.
From an analysis of previous experimental work
on these crystals and by utilizing the theoretical
results, it became apparent that most of the non
reproducibility appeared in the early stages of
coloring and that the second stage, which is more
dependent on irradiation conditions and very
nearly linear in irradiation time, could be repro
duced with crystals from the same melt. Once this
reproducibility was achieved a series of experi
ments with gamma-ray and reactor irradiations
became possible. Two crystals of the same size
were colored in the Co"o gamma-ray sources until
growth of the F center coloring reached the second
or linear stage. Then one of the crystals was irradi
ated in the reactor for, say, 30 min. Seven days
were required for the radioactivity of the irradiated
sample to decay to a safe level for convenient han
dling. During this time the decay occurring in the
crystal irradiated with gamma-rays alone was
found to be small at room temperature. After this
time the gamma-ray irradiations were resumed,
and it was found that the vacancy concentration,
as determined from the F center density, had been
approximately doubled by the reactor irradiation.
Moreover, the growth of the F center coloring of
both samples continued at the same slope, with the
curve for the reactor-irradiated sample simply
shifted to a higher F center level. In this way the
number of vacancies introduced by the reactor
irradiation can be determined. This technique ap
pears to be powerful for the study of basic radia
tion phenomena.

The cooperative program with Picatinny Arse
nal has been continued. Completion of a number
of classified projects during the past year should
permit more time for basic research in the future.

Previously, the energies and full widths of absorp
tion bands formed when potassium azide was ir
radiated with gamma-rays were determined.
These parameters have now been determined for
KN:J crystals at liquid nitrogen temperatures. The
difference between the room temperaure and
liquid nitrogen measurements is surprisingly
small. This is unfortunate since large differences,
particularly in the width of the absorption bands,
would have aided greatly in ascertaining which of
the observed bands are true color centers and
which are due to colloidal aggregates.

Current theories of the thermal decomposition
of explosives and other metastable materials are
based on the premise that the decomposition oc
curs principally at decomposition nuclei on the
surface of the crystal where crystalline defects such
as dislocations or impurities intersect the surface.
It might be expected that defects introduced by
fast neutron bombardment would introduce ad
ditional nuclei, and indeed this has been observed
in lead styphnate, as evidenced by an increased
decomposition rate after reactor irradiation. No
change was observed in the activation energy for
the decomposition process. These experiments
have been extended to potassium bromate. A two
fold increase in decomposition rate was observed
after irradiation with gamma-rays to 3.5 X lO-H r.

When the decomposition rate is determined as a
function of reactor irradiation, the rate increases
fourfold at a total dose of 5 X 10 '9 n vt and then
decreases well below that of unirradiated material.
Preliminary annealing studies indicate that heat
treatment after a gamma-ray irradiation of
1.7 X 107 r removes a large fraction of the effects
of the irradiation; in contrast, heat treatment has
no effect on samples exposed to prolonged reactor
irradiation.

The cooperative program with Brown Universi
ty, now in its sixth year, is concerned primarily
with the application of ultrasonic techniques to
the study of irradiation-induced changes in solids.
It has been found recently that dislocation damp
ing losses can be distinguished from scattering
losses. This distinction is made on the basis of
simultaneous measurements of changes in ultra
sonic velocity and attenuation as a function ofir
radiation. The ratio of these two quantities is a dif
ferent function of irradiation for the two mecha
nisms, i.e., for dislocation damping and for scatter
ing by defects in an elastic medium. For example,
the decreases in attenuation and the associated
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change in ultrasonic velocity produced by gamma
ray irradiation ofsodium chloride are explicable on
the basis of present ideas of dislocation damping,
but certainly not on the basis of scattering theory.
On the other hand, the increases in attenuation
observed in quartz, silicon, and germanium upon
bombardment with fast neutrons can be inter
preted on the basis of scattering theory, but not on
the basis of present dislocation theory. The effect
of plastic deformation on the attenuation changes
in NaCl under gamma-ray irradiation has been
studied in some detail. A specimen deformed prior
to irradiation showed a much larger decrease in
attenuation upon gamma-ray irradiation than an
undeformed sample. As a matter of fact, some un
deformed samples exhibited no decrease in attenu
ation upon irradiation, presumably because of an
inherently very low dislocation density. These re
sults are in full agreement with an interpretation
based on the pinning of dislocations by radiation
induced effects.

Some very recent work is concerned with in-pile
measurements of changes in ultrasonic velocity
and attenuation. The aim is to study directly the
dynamics of defect production. The major experi
mental difficulties, such as stability of transducers,
bonds, and electrical cables, have been overcome,
and the first set of meaningful measurements has
been obtained on N aCl and KCl.

The activity of solid catalysts can frequently be
enhanced by neutron irradiation, and it is clear
that interpretation of this effect must involve a
model of the damage produced at the catalyst
surface by the irradiation. At present, no such
model exists. It was therefore decided to investi
gate the value of the localized physical adsorption
of an inert gas (Kr) on a catalyst (theta-Al20 3 an
hydrous cubic) before and after irradiation, as a
tool for the analysis of the heterogeneities intro
duced by the irradiation, in terms of the variations
of the differential isosteric heat of adsorption (qST)
with coverage (0). In the system studied the sur
face of the unirradiated material was very nearly
uniform energetically (qsT=2430 cal/mole), show
ing sites of higher adsorption potential only below
7% coverage. After irradiation the differential iso
steric heat is increased for all coverages below
95%, rising to 7000 cal/mole at 3% coverage.
Analysis of the change in the qST vs 0 curves shows
that reactor irradiation (7.5 Xl 0'8 thermal neu
trons/cm 2 at 40°C) replaces the nominally uni
form surface of the catalyst with 3 types ofadsorp-
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tion sites. About 80% of the sites are enhanced in
potential by 500 cal/mole, about 15% by 1200
callmole, and the remainder are found in a high
energy tail extending to 7000 cal/mole. Although
the technique is nondiagnostic, these energies are
consistent with adsorption at electronic defects,
terraces, and pores, respectively. It is concluded
that this technique will be of value for the ener
getic analysis of surface heterogeneities of atomic
dimensions formed at the surfaces of irradiated
solids.

A related study concerns the properties of
reactor-irradiated gamma-alumina and a gamma
alumina-molybdena catalyst. The catalytic activ
ity of these two materials for the ortho-para hydro
gen conversion is known to be increased by irradi
ation. Gas adsorption studies are in progress on
these materials, and preliminary results have been
obtained on the alumina-molybdena. Reactor
irradiation had a rather small effect on hydrogen
and oxygen adsorption, but the results are never
theless suggestive. Hydrogen adsorption decreased
;:::::20%, while oxygen adsorption increased by
about the same amount. Possibly the radiation
induced surface defects that reject hydrogen are
the same as those that give rise to the enhanced
oxygen adsorption; i.e., a definite polarity may be
indicated.

In another surface study the coloration induced
in the surface layers of single crystals of potassium
chloride by recoiling fission fragments produced
externally has been investigated as a function of
dose. After subtraction of the coloration induced
by background reactor radiation, it is found that
the coloration remaining after an initial rapid de
cay contains V3 , K, F, R" R z, M, and N center
components together with a strong band attrib
uted to oxygen impurity plus a stable back
ground which decreases monotonically from ca 5.5
ev to zero in the near infrared. This stable back
ground is ascribed to light scattering from the
bombarded surface layers. Fission fragments pene
trate ;:::::15 f.L into potassium chloride and within
these surface layers produce initially 170 F centers
per recoil track. The growth curve for F centers
flattens out at a concentration of 4.5 X 10'7 cen
ters/em" although the M center concentration
continues to rise slowly after this stage. Particular
features of the spectra are the high Kp/KM ratio
(where Kis the absorption coefficient), which may
reach 0.24, and the low R band absorption. F cen
ters within the bombarded region are notably
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sensitive to bleaching by F light. If the validity of
Seitz' model of the M center is assumed, these re
sults are consistent with a high density of clusters
within the recoil track.

Structure of Solids

For the past several years the emphasis in the
neutron diffraction program has been on ferro
electric and magnetic structures. While most of
the effort has been concentrated on structure anal
yses, some studies have been made in which struc
ture has not been the principal consideration. The
latter have been concerned with some fundamen
tal questions in the theory of magnetism, the liquid
state, and the nature of crystal transitions.

Considerable progress has been made on the
structures of the two hydrogenous ferroelectric
crystals, triglycine sulfate and ammonium fluo
beryllate. In both cases the positions of all atoms
except the hydrogens have been determined by
three-dimensional x-ray analyses. The hydrogens
are being located by Fourier projections of single
crystal neutron data. The ferroelectric structure
of triglycine sulfate has been completely deter
mined in one projection, and data collection is in
progress for the second projection. The atomic
nature of the ferroelectric activity in the crystal
already seems clear at this stage of the problem.
The ferroelectric activity depends on the exchange
of hydrogen along the hydrogen bond joining two
glycine molecules.

In the case of ammonium fluoberyllate work has
been concentrated on the paraelectric phase pre
liminary to a planned examination of the ferro
electric structure. Some interesting results ob
tained with Fourier difference maps suggest either
that some degree of orientational disorder exists in
the tetrahedral NH/ and BeF,o groups, or that
hydrogen and fluorine atoms are vibrating with
considerable anisotropy.

The ferroelectric structure of NaN02 has been
determined at room temperature to a high degree
of accuracy in a single-crystal neutron study.
vVhile the results agree well with previously re
ported x-ray analyses, the standard deviations in
positional and temperature parameters are sub
stantially lower. Special attention was paid to the
temperature parameters to determine how the
atomic vibrations might relate to the structure
transformation at higher temperatures. While pro
nounced anisotropy may develop at temperatures
nearer the Curie point, no unusual effects were

observed at room temperature. Data collection for
the high temperature phase is nearly complete,
and calculations are in progress. Here it is hoped
that the flat neutron form factors will be advanta
geous in distinguishing between a disordered
model and a possible case of unusually high aniso
tropic thermal vibration.

The cubic (paraelectric) phase of BaTiO" has
been examined with neutrons in an effort to detect
anisotropy in the oxygen thermal vibrations, and
hence to gain additional information about the
shape of the potential well of the central Ti atom.
A difference of :::::::2% in the rms displacements
parallel and perpendicular to the Ti-O bond was
measured, but the uncertainty is of the same order.
The experiment will be repeated with a smaller
crystal in order to decrease the extinction effects
which contributed most of the error.

An approximately correct structure has been
determined for V,O\) in a neutron powder diffrac
tion study. A complete analysis cannot be made
without single crystals, but these have not been
available. The simple interstitial model suggested
by earlier x-ray investigators has been found to be
incorrect.

The magnetic form factor of the face-centered
cubic phase of metallic cobalt has been deter
mined by using a polarized neutron beam spec
trometer. The ratio of reflected intensities from a
magnetized single crystal was measured for neu
trons polarized parallel and anti parallel to the
field on the crystal. Of particular interest in the
data is the failure of the form factor values for the
higher (hkl) reflections to fall on a smooth curve.
In particular, the (311) and (400) reflections devi
ate from the curve. These deviations may be an
indication of a departure from spherical symmetry
for the 3d electrons. The form factor of the hexag
onal phase is being measured to determine wheth
er there are any differences because of the change
in symmetry.

Several reportedly antiferromagnetic rhombo
hedral oxides were studied by using low tempera
ture powder diffraction methods. Previous work
on ilmenite (FeTiO,) and ilmenite-hematite mix
tures was extended to two other compounds iso
morphous with ilmenite, MnTiO" and NiTi0:l'
The cation arrangement in these compounds con
sists of puckered hexagonal layers stacked along the
rhombohedral axis, alternate layers being made
up of metal and Ti atoms. The spin structure
found for NiTiO j has the moments in each Ni
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layer parallel, with succeeding layers antiparallel
to each other, while for MnTi03 each Mn layer
is antiferromagnetic within itself. In each case,
however, a slight amount of atomic disorder was
found between the metal and Ti layers. These re
sults, coupled with similar ones for FeTi03 , sug
gest a connection between the disorder and the
stability of the antiferromagnetic spin structure.

Other rhombohedral oxides investigated in
cluded Ti 2 0 3 and V 2 0 3 • No coherent magnetic
reflections appeared in the diffraction pattern,
although in both cases susceptibility measure
ments on the samples indicated an antiferromag
netic ordering. To reconcile these results within
the framework of the molecular field theory, it
must be concluded either that the cation moment
is considerably smaller than the spin-only value,
or that a long-range order between the spins never
develops. The magnetic diffuse scattering is being
studied in an effort to detect evidence for the latter
alternative.

Some work has been started on the transition
metal ABO. compounds. CrVO. has been found to
transform to an antiferromagnetic phase at
:::::;50° K. The structure is of interest because of
some structural relationships with the spinels, and
also because this particular structure type has
never been examined before. The moments in this
case are all located on the Cr+3 ions in the octa
hedral sites and are in planes perpendicular to the
c aXIS.

The magnetic phase diagram oflithium-substi
tuted manganese selenide, LixMn,_xSe (0<x <0.11)
was examined in some detail. This system is of
considerable interest because the monovalent Li
introduces some trivalent Mn into the lattice and
allows a study of the effect of ferromagnetic
double-exchange interactions on the antiferro
magnetic ordering of MnSe. Previous magnetic
measurements had shown that a small spontane
ous moment existed in the substituted samples;
the neutron diffraction measurements showed that
this moment was ferromagnetic in some cases and
ferrimagnetic in others, and demonstrated further
that in the region of x =0.1 0 there is a magnetic
structure change from the ferromagnetic to the
antiferromagnetic state, with a Neel point of
:::::;70° K for the low temperature antiferromag
netic structure. The antiferromagnetic order in
Mno.9 Lio.,Se is considerably different from that in
MnSe in the relative alignment of nearest and
next-nearest magnetic neighbors. All the results
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are consistent with the expected influence of the
double-exchange interactions.

Analysis of the measurements made of the dif
fuse scattering of monochromatic neutrons from
two single crystals of f3- brass, one enriched with
the isotope Cu6

", is nearing completion. The en
riched sample exhibited a short-range-order scat
tering 61/2 times more intense than that of the un
enriched sample. Measurements on the two crys
tals made possible the isolation of the scattering
due to short-range order only. The short-range
order scattering was investigated along the [100]
direction for several temperatures above the criti
cal temperature of 465 °C. The scattering was
found to be sharply peaked near the superlattice
reflection, which indicated a local order correlated
over longer distances than usually pictured. The
intensity of the scattering was found to decrease
markedly with increasing temperature, but to re
tain its characteristic sharpness.

At the high temperature demanded for the
measurement of short-range order in f3-brass, the
effects of temperature must be included in the
calculation of the short-range-order coefficients
from the scattering data. With the aid of a recent
determination of the Debye temperature of f3-brass
supplied by Watertown Arsenal and by use of the
704 computer, the complicated temperature cor
rections are being combined with precise scatter
ing data accumulated at 550°C in both the [100]
and [111] directions. Preliminary results show a
rather high degree of order. In the first shell of8
atoms surrounding a copper atom, 5.1 atoms are
zinc, whereas for perfect order all 8 would be zinc,
and for no order only 4 would be zinc.

In connection with this work on f3-brass, a con
cise expression for the intensity of the short-range
order scattering from binary alloys has been de
veloped in which the atoms are of different size,
exhibit local order or clustering, and are subject to
thermal oscillations. With the assumption that
thermal vibrations and static displacements can be
treated independently, these two effects on the
scattering are analogous in all respects. The scat
tering from such alloys can be grouped as: a Bragg
crystalline scattering damped by a factor exp
[-2(M+M')]; a diffuse scattering due to the ther
mal vibrations; an analogous diffuse scattering,
commonly called Huang scattering, due to the
long-range elastic strains arising from the differ
ence in atomic size; a short-range-order scattering
due to the tendency of atoms to surround them-
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selves with "like" or "unlike" neighbors; and a
local size-effect scattering. Previous theories ex
pressed the short-range-order and size-effect scat
tering as Fourier series with short-range-order co
efficients a(r;) and size-effect coefficients (3(r;),
where r i is the correlation distance between atoms.
In the present theory, these coefficients are damped
by a factor exp{ -2[Mg(r;)+M'h(ri ))}. The two
damping factors are analogous in behavior:
2Mg(ri)=0 for r;=O and approaches the Debye
Waller factor, 2M, for large r; [g(r;)~l]; 2M'h(r;)
=0 for ri=O and approaches 2M', which is anal
ogous to 2M in its dependence upon sinO/A, for
large r; [h( r; )~ 1]. The theory also predicts a small
modification in the Huang scattering due to the
thermal vibrations, and conversely in the tempera
ture diffuse scattering due to the long-range elastic
strains. The theory has been carried out for scat
tering from both single crystals and powders.

The above scattering theory has been applied to
a re-evaluation of the short-range-order and size
effect coefficients for the alloy CU:JAu from results
published by Cowley. From Quimby's measure
ment of the Debye temperature and Borie's value
of 2M', the damping factors exp{ -2[Mg(r)+

Table 2

Short-Range-Order Coefficients in Cu3Au at 405°C

First-neighbor Corrected for
Cowley's size-effect temperature and
original coefficient first-neighbor size-
values included effect coefficient

a l -0.152 -0.076 -0.113
a, +0.186 +0.121 +0.185
lX:1 +0.009 -O.OlD -0.009

a" +0.095 +0.052 +0.082

a" -0.053 -0.038 -0.058
p, +0.015 +0.015

Inclusion of the size-effect term changes the sign of
Cowley's third short-range-order coefficient to a negative
value as demanded by theory. The temperature correc
tion (last column) acts in general to increase the magni
tude of the short-range-order coefficients.

M'h(r))} have been evaluated. The results of these
calculations, presented in Table 2, show clearly
the effects of including a first-neighbor size-effect
coefficient and the temperature correction.

•



Accelerator Development

The design and construction of the 25-Bev
Alternating Gradient Synchrotron (AGS) con
tinued during the fiscal year. Most of the major
components of the machine have been ordered,
and many are already on site.

The measurement program on the 240 synchro
tron magnets has been completed, and all the
units have been placed on the girders. Orders have
been placed for 24 quadrupole and 36 sextupole
correcting magnets. A prototype of the former is
undergoing extensive testing at Brookhaven. The
main magnet power supply has been installed, and
preliminary testing of the equipment is under way.
The series inductor has been delivered and is be
ing erected on a concrete pad.

The 11 sections constituting the 11 O-ft-long lin
ear accelerator tank have been installed. The total
linac drift tube requirement (124 units) has been
assembled and machined, and the installation of
the focusing quadrupoles (the final procedure) is
under way. Erection of the Cockcroft-Walton set
in position was completed, and toward the end of
the fiscal year a I-rna beam was accelerated to 750
kv. Work has been continued on the chain of
amplifiers to supply rf power to the linac.

Th pr totyp of th ynchr cron p w r ampli-
fi and de ferrite aturating upplie have b n
delivered and ar under oing ext nsi 1 ling.
central d uppl r ted at .4 k and 22 amp
for th power ampli I r ha b n d ign d on
structed, and installed. Five ferrite-loaded accel
erating cavities have been assembled and mounted
in the magnet enclosure. Detailed design of both
the low level rf system and the pickup electrodes
is nearing completion.

The total Evapor-Ion pump requirement for the
AGS has been received, tested, and accepted.
Vacuum chambers for all classes of magnets have
been fabricated and installed in position around
the ring. Equipment has been received for the
linac TOughing system, and the mounting of pumps
and piping is under way.

The over-all control system for the linac has
been developed, and appropriate control and
power cables are being installed. Control cubicles
for the Evapor-Ion pumps were designed and fab-
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ri ated. Th opera ional principl Ii r th yn
hrotron aC\.lum s t m and rf tem hay been

formulat d and detailed d igns ar under wa .
Ther was a li nl in I' a in D partment

p ronnel duri ng th ear. m b r of the staff
presented papers at meetings of the American
Physical Society, the Institute of Radio Engineers,
and the American Society of Photogrammetry,
and at the 1958 National Symposium on Vacuum
Technology in San Francisco and the Interna-
i nal Federation of urv or ongr in D 1ft,
etherlands. total [27 ienti t and D' rs

from L for ign i it d the D partment
to di variou pe of e] rator de i

D tails f din and con truction of th
components are presented in the following sec
tions.

MAGNET

All 240 synchrotron magnets have been placed
on their supporting girders in the ring tunnel.
They have been leveled and set in radial positions
that are approximately correct. The work of set
ting them in their precise surveyed locations is
about to begin. The interconnecting bus has been
installed together with the cables joining the mag
nets to their power supply. Pulsing of the whole
system is awaiting the completion of final tests on
the power supply and should take place in about a
month.

Extensive mechanical and magnetic measure
ments were performed on all the individual mag
net units. These serve (1) to show that the units
meet the required tolerances on uniformity, (2) to
provide data for the precise location of the mag
nets, and (3) to provide data for a comprehensive
computation of particle orbits that will in turn
facilitate the beginning operation of the completed
accelerator.

In making the magnetic measurements, each
unit of a given class was compared with one mem
ber of its class that served as a standard. At
intermediate values of :::::;5000 gauss along the
aperture centerline, the integrated dynamic fields
of the units (measured by the 10-ft search coils)
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Figure 1. Magnets in position on supporting girders.

were identical to :::::2 parts in 10,000. This uni
formity, considerably better than the required
1 part in 1000, demonstrates the efficacy of the steel
shuffling program and the excellence of the con
struction. At the maximum fields (::::: 13,000 gauss
along the aperture centerline) the uniformity was
the same. Certain magnets in each class were
measured repeatedly during the program to ascer
tain the over-all accuracy of measurement, and
this also appeared to be ::::: 2 parts in 10,000. At
the injection value of the dynamic field (::::: 105
gauss) the accuracy was :::::4 parts in 10,000, and
the difference in integrated fields of the units was
also :::::4 parts in 10,000.

The variation of the remanent field left in the
gap at the end of each pulse was :::::6 parts in 1000.
Although the value of the remanent field is only
::::: 15 gauss and a variation of 6 parts in 1000
might be acceptable, it was decided to reduce this
effect by so arranging the magnets on the ring that
those with high and low values of remanent field

would be adjacent. Analysis showed that the
chosen stacking arrangement had reduced the
dangerous 8th and 9th harmonics of the variation
to negligible values.

The mechanical median plane of every magnet
was determined by measurements made with the
condenser-plate gap-gauge described in last year's
report. On top of each magnet are three ground
plates that define a plane; shims were ground and
added to bring this locating plane parallel to the
gap's median plane and at a fixed distance from it.
This plane then determines the precise level and
vertical position of each magnet. Measurements of
the magnetic median plane made with the 10-ft
search coils proved that the magnetic and me
chanical median planes were the same within the
accuracy of the measurement, i.e., :::::0.005 in. in
height and 0.15 mrad tilt.

On top of every magnet are two reamed holes
situated directly above the aperture centerline
of the gap that serve as locating sockets for radial
positioning. Small errors exist in the location of
these holes. However, since both the fixture used
in the mechanical gap-gauge measurements and
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that used for the magnetic measuring program
utilized these holes for determining certain refer
ence lines, these errors are known and the necessary
radial offsets have been computed.

A number of special magnetic measurements
were made on several magnets of each class. The
10-ft search coil was moved radially throughout
the gap to obtain ratios of the fields to the central
field in the standard magnet; from these, values of
the field gradient and higher derivatives were cal
culated. These values, particularly as saturation
of the iron set in, were used to refine earlier model
measurements for the correcting fields required in
the quadrupoles and sextupoles. Extensive point
by-point field mapping measurements were taken
off the ends of the magnets and in the radial re
gions beyond the aperture limits. For values of the
fields near the injection values (:::::120 gauss, total,
on the aperture centerline), these measurements
will be used in connection with the injection sys
tem which brings the protons from the linac into
the synchrotron. The field map at higher field val
ues will be used in analyses of the beam ejection
system.

A stainless steel vacuum chamber, of the proper
thickness to reproduce the eddy currents that will
be induced in the final Inconel chamber, was split
at each end in order to slip it over the lO-ft search
coil. Measurements were then made of the field
effects over the radial extent in magnets from each
class. In the class A (long open) magnets, the eddy
currents produced a change in field gradient that
closely compensated, at injection fields, for the dis
tortion in gradient due to the remanent field. In
the class C (long closed) magnets, these two effects
were additive. However, the test magnet circuit
included a model series inductor that reduced the
rate of rise of the magnet field by about the same
amount as that expected with the final inductor.
Hence the total effect of these field distortions on
the particle orbits appears to be sufficiently small
to make correcting windings unnecessary on the
vacuum chamber. The correction can be made by
the quadrupoles and sextupoles.

Last year precise surveys were made to locate
24 primary control monuments at equal spaces
around a circle of 5165.4-in. radius with a root
mean square error of0.005 in. This year secondary
monuments were located between the 120 girders
supporting the magnets by taped distances and
azimuth from the 24 control stations. Then jigs
were used to position pins welded to the top plates
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of the girders. These pins fit in sockets on the bot
toms of the magnets to hold them in position. All
the magnets are now in preliminary position on
their girders and have been leveled to -+-0.010 in.
of their specified elevations.

Four precise level circuits were run at inter
vals to determine the settlement of the foundations
of the machine as the loads were placed. The set
tlement of the pile caps supporting the magnet
girders has varied from a few thousandths of an
inch to a maximum of 0.374 in. near the center of
the target building. The maximum settlement of
the mat supporting the shielding blocks in the tar
get building was 0.465 in. The rate of settlement
has slowed to less than 0.004 in. per month. The
horizontal positions of the 24 control survey monu
ments has varied as much as 0.030 in. during the
year as the loads were placed. The preliminary
radial positioning of the magnets to within -+-0.010
in. is now in progress.

Additional precise surveys are to be conducted
as needed to adjust the magnets and other com
ponents of the machine to their specified positions
before the operational trials of the machine. The
tolerances adopted for this adjustment are -+-0.005
in. radially for each magnet in relation to adjacent
magnets, and -+-0.002 in. vertically. The radial
locations of the magnets in relation to the 24 con
trol stations will be -+-0.002 in.

Twenty-four quadrupole magnets (two in each
superperiod) are on order from the Elliott Com
pany, and the first prototype has been delivered
to Brookhaven. Acceptance tests are under way.
Thirty-six sextupole magnets (three in each super
period) have been ordered from the General Elec
tric Company, and the delivery ofthe first proto
type is expected next month. For both sets ofcor
recting magnets, the steel sheets have been shuffled
in a fashion similar to that used for the main mag
nets to ensure good uniformity. They will all be
measured magnetically with specially constructed
4-ft-Iong search coils by techniques that have been
tried out on a quadrupole on loan from the Cos
motron Department. The multipoles will be pow
ered by 4 generators, 2 of 500 kw and 2 of 300 kw,
all on a single shaft and driven by a 300-hp motor.
The entire magnetic circuit is laminated through
out, and the machines have two field coils on each
pole to provide reversal, should negative values be
desired, and better control. The entire unit is on
order from the General Electric Company and is
scheduled for delivery in November 1959.
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Figure 2. Main magnet power supply.

The series inductor for the main magnet circuit,
ordered from the Westinghouse Corporation, has
been delivered to Brookhaven. This component,
consisting of 70 tons of steel and;:::: 12 tons of cop
per, was tested at the factory and its saturation
curve corresponds to design values to ;::::2%.

The main magnet power supply has been in
stalled. Wiring, leveling, and alignment of the
equipment were completed toward the end of the
fiscal year. As a precautionary measure, the shaft
of the rotating equipment was reflectoscoped. This
procedure provided information on the condition
of the shaft in terms of inclusions and gaps. No de
fects of any consequence were detected. Subse
quently the machine was energized (no load) and
run at full speed. The dynamic braking system
brought the equipment to a smooth stop in ;::::1
min.

LINEAR ACCELERATOR

The linear accelerator building, virtually empty
a year ago, now houses an almost finished linear
accelerator structure and its ancillary equipment.

The 750-kv preinjector is now complete with
final wiring and controls. An ion source is installed
in the filter stack which houses all the power sup
plies and controls needed for ion source operation.

The accelerating column, complete with its corona
rings and voltage-dividing resistors, is in place and
has been evacuated. In May 1959 the first acceler
ation took place of a I-rna, 750-kev ion beam.
Since then, the preinjector has been operated
intermittently for studies of beam focusing and for
investigation of various weak points in the system
where breakdown takes place. Because the precise
location of breakdown is difficult to determine, a
photographic method has been developed which
results in a photograph of spark breakdown super
posed on a picture of the preinjector structure. By
this means several weak points have been discov
ered and eliminated.

The 11 linear accelerator tank sections have
been accepted, leak-tested, and delivered to their
final location. Base plates for their support on the
existing pile caps have been located and grouted
in place. The tanks have been set in position on
the linear bearings designed for their support and
have been shimmed into precise alignment. Tests
on removal and replacement of the sections bear
out the expectation that replacement precision
would be of the order of 0.002 in. A final polishing
of the tank sections has been undertaken to give
the best possible radio-frequency conductivity,
and 9 of the 11 tanks have received their final
cleaning and polishing treatment.

•
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The first of the production quadrupoles for
focusing the beam in the linear accelerator failed to
meet insulation specifications. The insulation sys
tem \\-as redesigned, and satisfactory quadrupoles
resulted. After several instances of delayed deliv
ery, the full complement of quadrupoles is on
hand. The associated circuitry for pulsing the 124
quadrupoles has been designed, fabricated, and
set in position in the linear accelerator building,
and is now being tested.

The 124 drift tubes for the linear accelerator
are fabricated in a series of steps. Rough machin
ing of copper forgings and an initial brazing proc
ess complete the internal drift tube structure with
its cooling-water jacket. The outer surface of the
drift tube is then machined with high precision to
a computed shape consistent with the resonant
field pattern in the linear accelerator tank; this
process is carried out on a lathe equipped with a
hydraulic contour-follower that follows a previous
ly prepared template. The supporting stem struc
ture is now brazed into the drift tube. The focus
ing quadrupole is set in the drift tube by a process
invoh'ing precise magnetic measurement on the
quadrupole and precise optical measurement on
the drift tube-quadrupole assembly. The final step
invokes closure of the quadrupole in the drift tube
by use of a low temperature indium-tin solder.
Fabrication of all drift tubes is in the stage of
either quadrupole alignment or final closure. Sev
eral drift tubes are complete, and the rest are be
ing completed at a rate of about three per day.

Several drift tubes have been mounted in final
position in the first linear accelerator tank section.
Drift tubes can be aligned, then removed and re
aligned without displacing their axes more than
0.0005 in. Simultaneously the ball tuners which
tune the various tank sections to resonance are
being set in place. Probes for radio-frequency field
measurement have been built and will shortly be
installed. Auxiliary circuits for field monitoring in
the linear accelerator have been constructed and
are under test.

The radio-frequency amplifier system to drive
the linear accelerator is approaching completion.
An amplifier to bring the driving signal from the
20-w to the 20-kw level has been delivered by
Levinthal Electronic Products, Inc., and, after
minor modifications, has been installed in its final
position. The four amplifiers making up the final
three amplifier stages were delivered on schedule
by the French Thomson-Houston Company of

Paris, France; after minor revisions to make them
consistent with the AGS control conventions. they
were prepared for operation. The power supplv
fOl- the French Thomson-Houston amplifiers has
been built and installed and is now under test.
Minor dif-ficulties with the spark-gap triggering
and protective circuits will be corrected before
power is applied to the amplifiers. This power will
be transmitted from the amplifiers to the linear
accelerator through a rather complicated hybrid
junction and waveguide-to-coaxial cable vacuum
transition. Most of this equipment is on hand. but
until the rest is received (in about two months)
this section of the power S\'stem cannot be tested.

The components of the injection system which
carry the proton beam from the linear accelerator
to the synchrotron proper are almost completely
designed, and some are in the process of fabrica
tion. Detailed computations are in process or com
pleted of the optics of the focusing lens system and
of the trajectories of the proton beam through the
stray fields of the magnets close to the injection
point.

Shielding walls have been designed to close off
both ends of the linear accelerator tunnel. The
wall at the low energy end will protect the linear

Figure 3. Linac tank and French Thomson-Houston rf power amplifiers.
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accelerator control room from stray radiation from
the linear accelerator. The wall at the high energy
end will protect the linear accelerator staff from
stray-back radiation from the synchrotron and will
protect workers on the synchrotron structures from
linear accelerator radiation during preliminary
testing.

RADIO-FREQUENCY

A 12-phase rectifier-type, 4.4-kv, nO-amp com
mon dc plate power supply for the radio-frequency
power amplifier system has been built to BNL
specifications by the Moloney Electric Company
and has been installed in the AGS power room.

Following extensive full-scale model develop
ment and testing at Brookhaven, the General
Electric Company is now building to BNL specifi
cations the rf power amplifier final stage units and
the transistorized dc saturation tuning units for
installation at the 12 accelerating stations of the
AGS. The company has delivered the prototype
pair of these units to Brookhaven for assembly

and proving of the associated frequency meter
discriminator chassis and for adjustments at high
rf on the model accelerating station.

The central rf high power driver amplifier has
been designed, and all its components have been
placed on order. This unit will drive the 12 sepa
rate power amplifiers on the ring from one central
location.

To date, six ferrite cavities have been complete
ly assembled, and five of them have been placed
on the supporting girders in the magnet enclosure.
The first cavity assembled is in the rf test area, and
experiments show its behavior to be as predicted
on the basis of data obtained on the model. The
production run of ferrite rings (for the cavities)
exhibited lower rf losses than those used in the
model. Thus, the final cavities measured to date
yield higher impedances and consequently will re
quire lower drive powers from the final amplifiers.
Magnetic fields in the accelerating tube of the cav
ities, due to the ferrite saturating current, have
been substantially reduced by the addition of aux
iliary current paralleling bars. These bars symme-

Figure 4. Ferrite-loaded accelerating cavity in position.
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trize the saturating flux by providing an additional
path for the saturating current diametrically
opposite to the main feeds.

Most of the components of the low level rf sys
tem have been prototyped and tested. Construc
tion has been started on some of the final chassis.
The multiple heterodyne system performed satis
factorily when tested. This system compensates for
the differential phase shift throughout the rf sys
tem due to the frequency change during the ac
celerating cycle.

Development of the observation pickup elec
trode preamplifier has culminated in a unit which
can transmit the required beam position informa
tion to the central control room. Work is proceed
ing on the electronic circuits to monitor and dis
play this information. Final drawings of the verti
cal pickup electrode structures are being prepared.
Some minor design changes are being made in the
horizontal structures.

CONTROLS

Early this year, the electric and pneumatic con
trol schemes for the water-cooling systems were
finalized, equipment was ordered, and control
panels were designed. The bulk of this apparatus
has been installed, and functional setup and
checking are in progress. This control system will
permit operation and monitoring of all water
cooling and air-conditioning systems from one
central location.

Circuit details for the interphone system have
been developed and breadboards built to evaluate
cross talk, circuit impedance, imbalance effects,
relay operation, and functional performance. All
parts have been delivered, and the main loop of
telephone cable running throughout the entire
AGS complex has been installed, together with
appropriate junction boxes. Prototypes of the sta
tion boxes have been built, and an order is being
prepared for the fabrication of the total machine
requirement.

The installation of the linac control and power
system continues. Additional wireways, terminal
boards, and wire and cable schedules have been
detailed, and placement of equipment is under
way.

A detailed servo analysis of the water-cooling
system for the linac tanks, drift tubes, and de
buncher loop was made and a design developed
around the requirement that the supply tempera-
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ture of the loop be held at 75° -+-0.1 OF. Suitable
equipment and instrumentation to meet the speci
fication have been ordered.

Control cabinets for the Evapor-Ion pumps
were designed, and 75 units were built to BNL
specifications. In addition to providing maximum
reliability and safety, the equipment is self-moni
toring and removes the unit from service in the
event of malfunction. System operation and co
ordination for the entire AGS vacuum system have
been specified, and detailed design is in progress.

Controls of the rf power amplifier have been
developed with particular emphasis on personnel
safety. Design work is continuing on the over-all
rf control system.

Initial pulsing of the main magnet power supply
will be controlled by a temporary system pat
terned after the one in use at the Cosmotron. Ex
perience with this equipment will provide infor
mation for the design of a more elaborate final
pulsing system.

A main terminal board has been designed, fab
ricated, and installed in the terminal room ad
jacent to the main control room in the service
building. This board will serve as the intercon
necting point for all cables running between the
main control room and the balance of the machine
complex.

VACUUM

All Evapor-Ion pumps (75 units) required for
the AGS machine have been received, tested, and
accepted. One unit has been used on the Cock
croft-Walton set and has maintained vacuums of
::::::2 X 10-6 mm Hg. The use of titanium wire in
this application has been much less extensive than
expected.

Early in the fiscal year all Inconel-X required
for the synchrotron vacuum chamber was rolled,
and resistance measurements were made of the
individual sheets. The data thus obtained were
used to pair the side panels of the chamber section
in order to minimize the resistance spread of the
finished unit. Subsequently the fabricated sections
of the vacuum chamber were delivered to Brook
haven and installed.

Work has started on the installation of the
roughing system for the linear accelerator. This
system is a departure from convention in that it
utilizes mechanical pumps of the Roots type to
achieve blanked-off vacuums (no load) of 5X 10-5
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mm Hg. Thus, it is expected that the linac tank
volume can be evacuated to 1 Jl in ::::20 min.

STRUCTURES

In January 1959 it was decided to proceed with
plans for adding office space to the AGS service
building, and the firm of Byrne Associates, Inc.,
was retained to provide the engineering servic~s

required. When the architectural drawings had
been approved, a contract for the erection work
was awarded to the L.A. Wenger Construction
Company.

The high iron content of the water from the
AGS deep well system continued to be a problem.
Since these wells draw water from several levels, a
series of tests were performed on well No.1 involv
ing the isolation of the various water-bearing
strata and pumping them independently to de
termine the source of contamination. It was found
that water pumped only from the upper screen
had a sufficiently low iron content to make it feasi
ble to keep the iron in suspension by chemical
treatment. Consequently, suitable water-process
ing equipment has been installed. Well No.2 is
being modified in the same way as well No.1. At
present, no modification is planned for well No.3.
However, a new deep well will be constructed to

insure an adequate supply of water to the synchro
tron.

EXPERIMENTAL

An 80 X 25 X 25-in.-deep hydrogen bubble
chamber, to be put into operation at the AGS in
the spring of 1962, is being designed by Physics
Department staff. Decisions on the main compo
nents have been made, which can now be detailed
with the assistance of newly added personnel. The
chamber is to have a horizontal magnetic field
and retrodirective illumination allowing for a
short pole piece, and is to be expanded by a large
piston requiring a minimal amount of equipment
for refrigeration and operation. A major design
criterion has been the requirement for recycling
once per second, which represents the repetition
rate of the A G Sup to :::: 12 Bev. The magnetic
field will be between 16,000 and 18,000 gauss, pro
vided by a 4-Mw power supply. The chamber is
to be housed in a separate stationary building,
with the beams being brought from the synchro
tron through bending and focusing magnets and
beam separators. A new opening in the AGS tun
nel will be provided for such beams in order to
avoid interference with other experiments by the
chamber and its beam equipment.

•

•
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MERLIN

Three years ago work started on a high speed
digital computer based on the Maniac II com
puter at Los Alamos, then under construction.
Parts of the Brookhaven Merlin are copies of the
Los Alamos Maniac II circuits, while other parts
have been modified. There has been close collabo
ration between the two groups, and some of the
Brookhaven ideas have been applied to the Los
Alamos computer, while the Brookhaven group
has profited greatly from the Los Alamos group's
knowledge of computers.

It is convenient to have a short name for a com
puter which mayor may not have some cryptic
significance. Merlin has no significance except as
the name of the magician of Arthurian legend.

The Brookhaven Merlin has 5000 radio tubes,
20,000 germanium diodes, and 1100 transistors,
and will ultimately have 200 special memory tubes .

Construction of the computer was substantially
completed by the end of the fiscal year. A consid
erable variety of circuit techniques have been em
ployed, since rapid advances have been made in
electronics during this period. The arithmetic
and control sections employ vacuum tube circuits,
pulse transformers, and semiconductor diode
gates. The memory uses barrier grid storage tubes
(a type ofcathode-ray tube) and transistor circuits.
Useful contributions were made in the field of
pulse transformer circuits and in the operation of
barrier grid tubes.

The arithmetic section has four storage registers
in addition to the normal complement; hence
repetitive operations may be performed on a few
numbers considerably faster than would be the
case if the numbers were stored in the main mem
ory between each operation. The control system is
probably the most complicated that has been
made so far. Every computer must add, subtract,
and perform a few other simple operations. More
complex operations are built up by combinations
of these. For example, multiplication is a series of
additions and shifts. Merlin, like many modern
computers, has built-in programs for multiplica
tion, division, and shifting of the decimal point.
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It also has a built-in program for extracting the
square root and for many other operations used
often in calculations. In addition, Merlin has pro
vision for "logical" operations which are useful for
problems in information theory and for the design
of computers.

Barrier grid tube storage has not been widely used
because it requires special memory tubes and more
complicated circuits than magnetic memory sys
tems. However, it can be considerably more eco
nomical if it can be made to operate reliably. The
Westinghouse Electric Corporation has developed
tubes especially for this computer. Inevitably, sev
eral problems arose, but Westinghouse is now able
to supply tubes of high quality. The circuits devel
oped at Brookhaven appear to be operating reli
ably. The computer will soon be in operation with
storage for 8096 words (instructions and numbers).
This will soon be increased to 16,192 words and
eventually to 32,384 words. A magnetic memory
of this size would cost considerably more than did
the whole computer.

The control console is also more elaborate than
usual. Signals from many parts of the machine are
displayed on lights at the console. An operator can
stop computation, read information, change num
bers, and modify instructions by means of switches.
A large memory and high speed are obviously use
ful properties of a computer. The large number of
instructions, the extra registers, and the facilities
for control at the console should make this com
puter more useful for Laboratory problems than
those commercially available. Circuit experience
gained in building the computer will be of value
in the development of other research instruments.

ANALOGUE COMPUTERS

Two special purpose analogue computers were
built this year. The computer for the Medical De
partment features an unusual display. The com
puter for the Biology Department has numerous
amplifiers interconnected by a novel patch panel.

The first computer is used for analysis of tracer
experiments. Data may be taken tracing the activ
ity as a function of time after injection at various
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points in a biological system. These data may be
set into the computer so that one or several dotted
curves appear on a cathode-ray tube. The controls
on the computer are then set to generate similar
functions which appear as line curves on the
cathode-ray tube. Then the analogue controls may
be adjusted to find the best fit of the analogue
generated functions to the observed data points.

The second computer is intended for use in the
analysis of the metabolic processes by which a cell
converts the chemical compounds it receives from
outside into the organic compounds essential to
life and growth. It is known that the output of
such a system is relatively independent of what
goes into it. The question is: How complicated
must a system be in order to behave in this man
ner? The computer has 50 elements which behave
as if they could accept one set of compounds and
convert it into another set (actually amplifiers
which deliver a total output current equal to the
sum of input currents). These are connected to a
large patchboard so that the output of any ampli
fier may be connected to the input of any other
through a resistor of arbitrary size. The system has
20 adjustable current inputs and a complicated
output circuit for measuring the production of a
certain configuration of currents which represents
a particular compound.

DATA HANDLING

Work has continued on multichannel analyzers
and automatic recording equipment. Last year a
1024-channel time analyzer was built for neutron
studies at the Chalk River reactor. The accumu
lated data are punched on paper tape at the end
of a run. A system was built to read the punched
tape and to plot the data on a commercial X-V
recorder. Circuits are being developed to convert
this analyzer into a combination pulse height and
time sorter.

The coincidence multichannel analyzer men
tioned in last year's report was completed and is
now in active use. It measures the height of two
pulses arriving simultaneously and sorts them ac
cording to the amplitudes of both. One input is
sorted into 32 intervals of pulse height and the
other into 64, which corresponds to 2048 storage
locations for the 2048 possible combinations of
pulse height. The stored information may be dis
played on a cathode-ray tube in several different

ways, printed out, and automatically plotted as a
set of curves.

A 50-channel time analyzer was built for use in
neutron diffusion experiments. The neutron source
is a pulsed Van de Graaff accelerator. The time
analyzer controls the time and duration of the ac
celerator pulses, using a light beam to signal the
ion source, which is at high voltage. A set of time
gates switches the detector pusles from one scaler
circuit to another in sequence. Time gates are
available with lengths varying from a few Jlsec to
1 sec.

The apparatus for automatic recording of mete
orological data (described in last year's report) has
been completely rebuilt with transistor circuits. It
can now record at a high rate (as before), at a low
rate for continuous monitoring, and at various
intermediate speeds. Provision has been made to
accommodate data from a large number and vari
ety of transducers at the intermediate and slow re
cording speeds.

CIRCUITS

Work has been done on many different types of
circuits, and in most cases transistors have been
used. Perhaps the most interesting circuit is a fast
multiplier for use with scintillation detector pulses.
If an energetic charged particle passes through a
thin detector and then into a thicker detector
which stops it, the product of the pulses from the
two detectors is a constant for a particular type of
particle. Thus the output of such a circuit may be
used to distinguish protons from a-particles, etc.
The circuit makes use of a string of transistors,
controlled by one pulse, to adjust an attenuator in
series with the other pulses.

For several years tube circuits have been used to
cancel background pulses in a counting system for
measurement of low activity samples. Since the
rates are low, long counting periods and reliable
circuits are required. A transistorized anticoinci
dence and counting circuit was built for this ap
plication.

Many experiments depend on measuring co
incidences between two or more detector pulses.
One development in this field is a fast coincidence
circuit for use at the Cosmotron; it employs tran
sistors, can accept 2 to 5 input pulses, and operates
in :::; 1 mJlsec. Another development is a transistor
ized coincidence control circuit for use in scintil
lation spectrometry: A pulse trigger circuit (dis-

..
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METEOROLOGY

Research and Development

b most imponan a ompli hmen in th r-
earch program Ita b n the initiation of Ion 

rang diffusi n tudi d' d t pro ide in or
mation nth lravel and di persion 0 a r I'
and gas in th 2 to 75-mi ran for \ hich data
are sparse at present. Studies of this type may be
approached with either of two techniques. It is
possible to establish a network of fixed tracer sam
plers in a suitable geometric pattern. While desira
ble from a scientific point of view and almost uni
ver all ' utilized in the h Tl r-ran e work this
m th d b om unwi Id h n applied to di 
tan e >I mi and "icing lh ampl r b -

m difficuH, he alternativ i l mpl
a hight m bil 'amplin device apabl f ob
lainin on entration mea ur m n v ry rapidJ
and IE 'entl a er a \i ide r gion in a b n peri
ftim .
The Brookhaven program is based on the latter

approach, and two air-borne instruments have
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been developed to implement the work. The first
is a radiation detector suitable for measuring the
{J-radiation from the A41 in the reactor cooling air.
This instrument consists of four Geiger tubes
mounted in an aluminum housing which shields
the sensing units from all {J-radiation except that
within the instrument chamber. The second de
vice is intended for use with the oil fog widely used
in the previous meteorological program; it pro
vides concentration data by the measurement of
light scattered by the small oil-fog particles. This
photometric device is shown in Figure 1. Both in
struments permit the relatively free passage of air
without the assistance of auxiliary pumps or fans.
Mounting them appropriately on the wing of a
light aircraft permits operation at flight speeds up
to 120 mph. Both devices are coupled to a port
able magnetic tape recorder capable of matching
the rapid response of the instrumentation. The
recorder is also used for all auxiliary information,
such as altitude, temperature, air speed, and loca
tion. Mter a lengthy period of development, both
instruments were tested during the spring months
and are now in operation in the data collection
phase.

The second major aspect of the research studies
includes field experimentation on the deposition
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f parti ulat in the i:l unosphere. During the prc
viou year much tim was de oted to the dv lop
m nt fa la aerosol containing La"!) a th
ua cr agent. hil th panicle produ lion melh
ad pI' ved sati fa ·tory the final produ 1 contain d
an und lrable amount f long-Li ed radioa tivity,
and its use has been discontinued at Brookhaven.
In its place a copper aerosol has been prepared
from commercially available materials. The prod
u t u ed is PO\ der compo ed of a heter g neou
as ortm nl f copper sphere' ran inu in ize from
a . mall fra tion of a micron La :::::25 Jl. in e th
parti I study i concerned with th param tel' of
panicle siz in dcp iti n, lhe first probl ill was
to achieve a separation of the particles int at
least three size groupings of relatively homogene
ous nature. This has been accomplished by a
short-column water elutriator, and an appropriate
inventory of small particles is now available. Some
of these particles have been irradiated, and CUfH

with a 12-hr half-life has been prod uced. Very
little long-lived activity has been evident.

The radioactive particulate, while possessing
many advantages, has some obvious disadvan
tages, and a parallel development of an alternate
aerosol has been undertaken. This consists of
minute particles of uranine dye, which is soluble
in water or alcohol and is therefore relatively easy
to disperse by means of a small air-jet generator.
Size control is straightforward and involves only
the concentration of the uranine in water and the
operating characteristics of the air-jet generator.
This aerosol has been tested and is believed to be
suitable for the program.

An interesting development in the field of par
ticulate tracers has been the investigation of a
technique for the measurement of silver, so com
monly used as silver iodide in artificial precipita
tion studies. Much time was devoted to a tech
nique involving the formation of 24-sec half-life
Agllll by exposure of normal silver to thermal neu
trons in the research reactor. Although detection
levels superior to those available by normal chem
ical methods have been achieved through this pro-

•

Figure 2. Calibration wind tunnel. The 18-ft wind tunnel designed for wind instrument calibra
tion is shown. Unique features include a cone-shaped flow control valve in the foreground and
a trailer undercarriage for portability.

•
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gram, the sensitivity necessary for measurement of
the minute concentrations encountered in cloud
seeding work has not yet been attained.

Related Projects

The major outside activity in which the Group
is involved is a study of the low level wind profiles
being conducted under the auspices of the Evans
Signal Laboratory of the U.S. Army Signal Corps.
This program began in January 1958, and the first
year included the study of existing meteorological
data to determine roughly which meteorological
parameters could be easily measured at or near
the ground to provide an indication of the wind
structure above the ground.

The second phase of the program, begun in
January 1959, is devoted to the accumulation of
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new, highly accurate, wind profile data suitable
for an intensive study of the problem. A small
wind tunnel (Figure 2) has been constructed for
the calibration of wind instruments in this project.
The tunnel is 2 ft in diameter and 18 ft long, with
a speed range from 0 to 20 m/sec. Within the past
few months, all necessary instrumentation has
been calibrated and adjusted to an accuracy com
pletely suitable for this study.

The Group continues its cooperation with the
New York State Museum and Science Service in a
study of ragweed pollen. The meteorological por
tion of the work during fiscal 1959 has consisted
almost entirely of the development of sampling
instrumentation. Data will be collected late in the
summer of 1959 and analyzed during the winter.



Applied Mathematics

Figure I. Front view of Merlin with high speed printer and manual control console
in foreground. The six vertical racks constitute part of the control section. Memory
tube drawers can be seen on the left face of the computer. The control console consists
of a control panel, a typewriter, a paper tape reader, and a paper tape punch.

A major part of the activities of this Division
within the past year was related to the Merlin
computer, which is expected to be in operation
soon. Following a broad study of existing program
ming systems available for other computers, a sys
tem for Merlin was adopted that appears capable
of extensive expansion toward a more automatic
system in the future. This system, currently being
coded, consists of an assembly program, a library
of mathematical and utility subroutines, program
debugging facilities, and input-output service rou
tines.

The assembly program accepts as input infor
mation written in a simplified symbolic language
and provides as output a complete program coded
in the machine's language. The library of mathe
matical and utility subroutines will contain most
of the commonly used subroutines coded in such a
way as to make them automatically accessible as
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part of any user's complete program. The program
debugging facilities include routines such as those
for tracing and printing out any desired portions
of the memory.

Engineering test routines necessary for the ini
tial debugging as well as for the future mainte
nance of Merlin are also being programmed.

Much time was devoted to consultation with the
ngU1 ring taR" r Merlin regarding logical d 
ign can urrenl with can truction.* p cificati n

for rna neti tap st m for the computer were
compl ted, and the ta k of de igning and con
structing th tap y t rn is being done under con
tra [ by an utsid organization. Thi stem
hould be available for us with the mputer by

the end of the calendar year.

• For detailed design information, see the section on Instru
mentation.
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Broader contact with the mathematical activi
ties of other departments of the Laboratory was a
principal objective of the Division's program and
served to motivate the research of the staff. Special
emphasis centered on eigenvalue problems arising
in quantum mechanics. Direct and iterative meth
ods for the numerical solution of the Schroedinger
equation were studied, as well as more general as
pects of eigenvalue problems for linear systems.
Certain simplified systems of integrodifferential
equations which arise in scattering processes were
treated with the object of providing insight into
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more realistic problems of this type. In addition,
centrifugation processes of molecules dissociating
in an ionic medium were studied in relation to
their application to medical research.

During the summer, visiting mathematicians
and physicists appointed to the staff helped to ex
tend the scope and intensity of research. A seminar
entitled "Physical Applications of Group Theory"
drew a wide audience from other departments,
and research in spectral theory, field theory, statis
tical mechanics, and eigenvalues of linear equa
tions led to significant results.



Chemistry

The research activities of the Chemistry Depart
ment continue to cover a wide range of fields in
which the unique experimental facilities of Brook
haven can be exploited.

Work in the field of high energy nuclear reac
tions has continued in spite of the unavailability of
the Cosmotron during the past year. The U niver
sity of California Bevatron was used to study some
reactions of uranium, lead, and thorium with high
energy protons, and the experimental data will be
compared with the results of Monte Carlo calcula
tions now in progress. The analysis of particle
tracks in photographic plates irradiated before the
Cosmotron breakdown is continuing, with empha
sis on alpha-particle and LiS emisssion. Particle
evaporation, originally introduced to explain low
energy nuclear reactions, is now known to be im
portant in determining the final product distribu
tion in high energy reactions. For this reason, nu
clear reactions with targets in the Ni, Cu, and Zn
region are being studied with the 60-in. cyclotron,
and Monte Carlo calculations have been carried
out in order to compare such data with detailed
evaporation calculations.

Nuclear decay schemes of the nuclides Zn'n,
Zn 6

\ Ge6
" Ga6

", Gd H5
, Eu 14

", Gd '46
, and Eu HS

have been studied. In addition, the probability of
x-ray emission following K-electron capture in
CSLll and the probability of electron emission fol
lowing alpha decay in PO~lO have been studied.
Comparisons between theoretical and experimen
tal values for relative probabilities of K-electron
capture and positron emission have been made for
several nuclides. High resolution mass spectrom
etry has been used to obtain a precise mass excess
for C' 2

, which indicates an error in certain nuclear
reaction data obtained for this nuclide.

Interest in the fields of geochemistry and cosmo
chemistry has continued to grow, and several stud
ies of meteorites have been made. These include
determinations of the length of time meteorites
were exposed to cosmic radiation, the identifica
tion of meteorites, and a test of the possible varia
tion of cosmic-ray intensity during the past 100,000
years. The measurement of Cps activity in rain
and natural water sources is being used as a new
geochemical technique.
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In the field of structural chemistry, the major
emphasis continues to be on neutron diffraction.
This technique has been used to study the anti
ferromagnetic structure of CrN and to determine
the structure of dimethylglyoxime. A number of
computing programs for the IBM 704, which are
useful in crystallographic work, have been accu
mulated. Measurement of the optical spectra of
single crystals of sodium and potassium nitrate
has made possible the determination of properties
of the excited electronic state of the nitrate ion.

The radiation chemistry of aqueous solutions
continues to be a topic of interest. An attempt is
being made to measure directly the lifetime of the
H02 radical by flowing water past a Van de
Graaff beam and into a solution which rapidly
reacts with H02 radicals. The radiation chemistry
of 2-pentene and 2-butene is being studied to de
termine the relative importance ofradical and ionic
reactions in such systems. Studies are also con
tinuing on the radiolysis of pentane adsorbed on
various mineral solids of high adsorptive capacity.

The reactions of recoil fragments resulting from
neutron capture are being studied in both inor
ganic and organic systems. In the former category,
the behavior of recoil cobalt atoms and recoil chlo
rine atoms in complex cobalt salts exhibiting geo
metrical isomerism has been determined. The hot
atom chemistry of bromine in potassium bromate
has also been investigated. Future experiments will
be concerned with the recoil reactions of phos
phorus atoms in solid phosphates and sulfates.

Studies have been continued on the chemical
effects of the N14(n,p)C'1 reaction. The systems in
vestigated are azobenzene-stilbene, benzene-2
methylpyrazine, and benzene-3,3' -diaminodipro
pylamine. There is a marked dependence of the
yield oflabeled products on amine type, which em
phasizes the importance ofspecific chemical effects.

Several organic reaction mechanisms are being
studied by means of kinetic isotope effects or iso
topic tracer methods. These include the ionization
oftriphenylchloromethane to the triphenylcarbo
nium ion, the hydrogen exchange between 1,3,5
trimethoxybenzene and acid solutions, and the
pyrolysis of Diels-Alder adducts of cyclohepta
triene.
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Kinetic isotope effects have also been used to
determine properties of the transition state in the
hydrogen-chlorine reaction. A theoretical estimate
of electronic contributions to secondary kinetic iso
tope effects indicates that electronic effects will be
small in comparison with vibrational contribu
tions. Experiments have been completed which
establish the Hammett acidity function in heavy
water and simultaneously give values of some acid
dissociation constants in heavy and light water.
The general problem of acid and base catalysis in
light and heavy water was the subject of a theo
retical treatment.

Electron transfer reactions continue to be of in
terest, and the effect of the thiocyanate ion on the
kinetics of the ferrous-ferric ion exchange has been
investigated. This exchange was also studied in
isopropyl alcohol and was found to be much slow
er than it is in water.

Work in theoretical chemistry has centered on
the use of the Hellmann-Feynman theorem for
determining intramolecular forces in ground states
and excited states of molecules. A treatment of the
H 3 transition state has also been carried out, and
the results were applied to the calculation of reac
tion rates for hydrogen atom-hydrogen molecule
reactions.

NUCLEAR CHEMISTRY

Nuclear Reactions

Although the Cosmotron was inoperative dur
ing the past year, interest in the field of high ener
gy reactions remained high. The study of fission
spallation competition in U23" U 2 38, and Th232 ir
radiated with high energy protons was continued
by members of the Department with the acceler
ators at the University of California E.O. Lawrence
Radiation Laboratory. Spallation yields of a num
ber of isotopes were measured with the expectation
that a comparison of these experimental data with
the yields predicted by Monte Carlo calculations
of the prompt interaction and evaporation proces
ses would lead to a better understanding of fission
spallation competition at high energies. Two gross
features of the results so far available are: (1) The
measured cross sections for reactions in which as
many as 10 nucleons are ejected were typically
found to be several times greater than those calcu
lated for bombarding energies of 1.8 Bev, although
agreement is better at lower energies. (2) It is now

37

a pparent that a study of spallation yields of nu
clides close to the target will not yield data useful
in understanding high energy fission-spallation
competition, since these nuclides are formed in
events of roughly constant deposition energy over
a range of bombarding energies. Such information
is more likely to come from a study of spallation
products farther away from the target nucleus,
such as Po and At isotopes, and more of these data
will be obtained.

In another investigation completed with the aid
of a Bevatron irradiation, the yields of a number
of CI, K, Ca, and Sc nuclides in interactions of 3
Bev protons with Pb and U have been determined.
The data show that (a) the mass yield curve in the
region 38 <A <48 is quite flat for both targets;
(b) the yields per mass number in this region are
4 to 5 mb from Pb, i.e., about twice as high as
previous interpolations had indicated; (c) the
yields from U are approximately twice those from
Pb; and (d) the peak for isobaric yield distribu
tions is at the line of ,B-stability in the case of Pb
interactions, but is almost one unit to the neutron
excess side of stability for the U interactions. The
results were found to be consistent with a mecha
nism consisting of a knock-on cascade followed by
a fissionlike breakup of the excited cascade prod
uct and subsequent evaporation of nucleons from
the primary fission fragment.

As mentioned in last year's report, a study has
been made of the angular distributions and energy
distributions of alpha-particles emitted during the
interactions of 1.0, 2.0, and 3.0-Bev protons with
Ag and Br nuclei. This study showed the frequent
occurrence of low energy alpha-particles; their
number increases with increasing bombarding en
ergy. It was also observed that these "subbarrier"
alpha-particles were emitted predominantly in the
backward direction with respect to the recoil nu
clei. An attempt was made to correct the observed
energy spectra for the center-of-mass motion of the
emitting nucleus and then to compare these spec
tra with those calculated from nuclear evaporation
theory. Two sets of center-of-mass transformations
were made; in one case the beam direction was
considered to be the direction of the moving sys
tem, and in the second case the direction of the
observed recoil was considered to be the direction
of the moving system. Good agreement was ob
tained with the theoretical spectra throughout the
energy region studied, and the apparent excess of
low energy alpha-particles in the uncorrected
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Figure 1. Experimental and calculated excitation func
tions for reactions of CU 63 with alpha-particles. The cross
section in millibarns is plotted against the excitation
energy of the compound nucleus Ga6

'.

of the periodic table. It was hoped that these data
would make it possible to check prevailing theories
of particle evaporation from a compound nucleus
and decide on the best values for some of the
parameters involved in evaporation calculations.

A complete study of alpha-induced reactions on
Zn64 was made with incident energies up to 41
Mev. It was observed that, in addition to the usual
type of reactions expected at these energies, (a,n),
(a,p), (a,2n), (a,pn), etc., reactions involving re
emission of alpha-particles account for ;::::20% of
the total inelastic cross section at 40 Mev. Excita
tion functions for reactions induced by alpha
particle bombardment of CU63 and CU65 were also
obtained. The competition between different reac
tions was analyzed in terms of the statistical theory
by use of a level density expression of the form
W(E)=C exp 2Va(E-8). Values of a ranging
from 0.8 to 2.8 were required to fit the experimen
tal results, which indicates that the statistical theo
ry is not completely applicable.

In connection with the experimental studies of
low energy reaction cross sections just mentioned
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spectra was removed by assuming that the emit
ting nucleus moves at ;::::5 X 10-s cm/sec in the ob
served direction of the recoil. This velocity is
consistent with the measured lengths of the ob
served recoil nuclei in the emulsion.

The angular distributions of the alpha-particles
studied also appear to be consistent with evapora
tion theory. It seems likely, therefore, that both
the observed angular distributions and the low
energy alpha-particles can be explained as coming
mostly from isotropic evaporation from a moving
system.

Study was continued of Lis emission from C, AI,
Cu, Ag, and Au targets irradiated with 2.2-Bev
protons by the photographic plate technique. In
this experiment the photographic plates were used
as particle detectors only, and the characteristic
"hammer tracks" produced by the decay of Lis
fragments made possible measurement of the an
gular and energy distribution of this specific nu
clide. Analysis of the results indicates that, in gen
eral, the observed spectra show many more high
energy Lis fragments than can be accounted for by
an evaporation mechanism. In addition it was ob
served that the Lis spectrum from Cu was anoma
lous in that it lies several Mev higher in energy
than the Lis spectrum from Ag. It seems that, al
though an evaporation mechanism may contribute
to part of the yield of Lis from Ag, Au, and U tar
gets, some other process must also play an impor
tant role. For the lighter targets, C, AI, and Cu,
the evaporation process does not appear to con
tribute appreciably to the observed LiS spectra.

On the other hand, a calculation of the Be' for
mation cross section from Cu, Ag, and Au irradi
ated with 0.45 to 2.0-Bev protons indicates that a
large fraction of the radiochemically determined
Be' yield from all three targets may be accounted
for by an evaporation mechanism.

It is becoming more and more obvious that, al
though the reactions of interest are initiated by
high energy particles, the final distribution of
products is controlled to a great extent by a mech
anism introduced originally to explain low energy
reactions, namely particle evaporation. vVith this
in mind, several nuclear chemists interested pri
marily in high energy nuclear reactions have en
tered the low energy reaction field and are making
use of the 50-in. cyclotron. Attention was focused
on nuclear reactions involving targets in the region
of Ni, Cu, and Zn in an effort to accumulate as
many data as possible in a relatively narrow region

!
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In six first forbidden beta transitions accurate
data have been obtained in experiments per
formed at BNL and at other laboratories on the
relative probabilities of the K-electron capture and
positron emission processes. These data and K/{3+
ratios calculated from theory for individual nucle
ar matrix elements of these transitions have been
compared to explore possible conclusions about
the relative importances of the matrix elements.

The nuclides in which these transitions occur
are the odd-odd, spin two, odd parity nuclides 1126

,

Rbs., As7
., and Sb'22 ; and the products are the

even-even, 0+ ground and 2+ first excited states. For
the ground-state transitions only one matrix ele
ment, LIB;;I, may be operative. In comparison
with matrix elements of allowed transitions, LIB;;I
is characterized by enhanced K/{3+ ratios, and it is
known that the enhancement occurs in the
ground-state (2-~Q+) transitions, in which LIB;;I
alone is operative. In the transitions to the first ex
cited daughter states (2-~2+),substantial contri-

The result (2.4-+-0.2) X 10-5 is in agreement with
available theoretical estimates. An incidental re
sult derived from these experiments is an accurate
value for the half-life OfCS'3', 9.69-+-0.05 days.

A similar process is the ejection of atomic elec
trons in alpha decay. The probability of ejection
of electrons from the M-shell of a P0 2IO atom in the
act of alpha decay has been determined by meas
uring the intensities of Pb M x-rays emitted from
several P 0 2IO sources, varying in thickness by as
much as a factor of 10, of known alpha disintegra
tion rates. The x-rays were detected in a propor
tional counter, and the resulting pulses were re
corded on a 100-channel pulse height analyzer.
From the observed x-ray pulse rate, the counter
efficiency, and the fluorescence yield, the probabil
ity per decay for M-electron ejection was calcu
lated to be 0.034. The error has not yet been eval
uated, but it is unlikely that it is as great as a fac
tor of two. This result is consistent with a value of
0.042 computed from data obtained by Curie and
Joliot in 1931, but is in violent disagreement with
the prediction of Migdal's theory. The seriousness
of the theoretical situation can be seen in the fol
lowing tabulation of the probability of electron
ejection from different shells in P0 2IO decay:

0.77
34
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Studies of Radionuclides

During the past year, studies of nuclear decay
schemes and of the extranuclear consequences of
radioactive decay have continued. One of the
second-order processes associated with beta decay
(electron capture) is the excitation of atomic elec
trons. If the noncaptured K-electron is ejected
simultaneously with the K-electron capture event,
the two K vacancies produced may be filled with
the emission of two K x-ray quanta. By a coinci
dence scintillation method, the probability per K
electron capture event that this excitation process
occurs in the decay of CS'3' has been measured.

and other such data, an attempt was made to test
the statistical theory of compound nucleus decay
by comparing these cross section data with de
tailed evaporation calculations. The calculations
were carried out in collaboration with members of
the Weizmann Institute of Science in Israel and
were programmed for the WEIZAC computer.
The formulation of the problem was based on
Weisskopf's evaporation model, but contained
fewer approximations than did previous such cal
culations. Because a Monte Carlo method was
used, it was possible to take account of individual
nuclear properties such as binding energies and
shell and pairing effects on nuclear level densities.
The latter were found to be particularly decisive
for obtaining results in agreement with experimen
tal data. Calculations were carried out for ;:::;15
compound nuclei in the mass range 50<A <74 at
a series ofexcitation energies up to ;:::;50 Mev, and
the results could be compared with measured ex
citation functions of more than 60 nuclear reac
tions induced by protons and alpha-particles. For
most reactions the agreement is encouraging with
regard to both magnitudes of cross sections and
shapes of excitation functions, as may be seen in
Figure 1, which shows a comparison of calculated
and experimental excitation functions for four re
actions ofCu63 with alpha-particles. The degree of
agreement is taken as evidence for the validity of
the statistical theory of compound nucleus decay.
On the other hand, the calculations also revealed
clearly that certain reactions, e.g., (p,pn) reactions
at energies above ;:::;30 Mev and (a,n) and (a,p)
reactions at high energies, must proceed by mech
anisms other than compound nucleus formation.
Finally, the work done so far on this problem
points the way to further refinements and modifi
cations in the theoretical model used.

•

•

•

•
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butions from LIBiil would be expected on the basis
of the shell model description of the nuclides. The
experimental data indeed show that the K/ f3+
ratios in these cases are larger than the ratios for
allowed transitions. The calculated K/ f3+ ratios
characteristic of the matrix elements other than
LIBiil in the 2-~2+ transitions make it reasonable
to assume that these matrix elements together
would produce a ratio approximately correspond
ing to the allowed one; on this basis the observed
increase over the allowed value would be ascribed
to LIBiil- From the magnitudes of the ratio in
creases and from the lifetime of the transitions, the
values of LIBii l2 have been calculated for the
2-~2+ transitions in Rb8

\ As", and P"6. The val
ues so calculated are ';9 LIBii l2 for the correspond
ing 2-~O+ ground-state transitions. It is interesting
to note that values of LIBiil 2 calculated on a shell
model basis for the 2-~2+ transitions are also
larger than those calculated for the 2-~O+ tran
sitions.

To clarify assignments of the neutron-deficient
Gd and Eu isotopes, the nuclides Gd '4 " Eu '4"
Gd146, and Eu 146 were prepared by the interactions
of 20 to 40-Mev helium ions with Sm' !4 and were
found to decay with half-lives of 25 -+-2 min, 5.6-+
0.3 days, 46-+-2 days, and 4.4-+-0.1 days, respec
tively. The mass number assignments were made
on the basis of excitation functions and chemical
evidence of parent-daughter relationships, with
special reference to the previously known nuclide
Eu'''. The most prominent gamma-rays appear
ing in the decay of each of these four nuclides are
as follows: In Gd 14

", at 0.80,1.03, and 1.75 Mev;
in Eu'4" at 0.53,0.64, and 0.89 Mev; in Gd'l6, at
0.114 and 0.153 Mev; and in Eu 14fi

, at 0.63 and
0.74 Mev. There is also a strong K x-ray line in
each spectrum. In addition, Gd'" was found to
emit positrons with an end-point energy of
::::;2.4-+-0.2 Mev.

Two activities with h'alf-lives of 15 and 8 min
have been ascribed to Ga65

• Since Ga fi
" lies outside

the regions where isomerism is probable, the oc
currence of an isomer might be ascribed to core
isomerism. To investigate this, the formation of
Ga6

,' has been investigated in the decay of Ge6
'

and in the following reactions over a wide range of
bombarding energies: Cu 63 (a,2n), Zn'i4(a,p2n),
Zn 64 (d,n), and Zn 64 (p,y). In no case was the pre
viously reported 8-min isomer detected.

Lawson and Uretsky have developed a model
based onj-j coupling which predicts a relationship

between certain states in a nucleus which has a
closed shell -+- one nucleon and the nucleus with
the closed shell. In particular, it predicts for odd
mass copper isotopes a quartet of nuclear levels
resulting from the coupling of the 29th proton to a
2+ excited state of the corresponding Ni core. Sup
port for this model was obtained from existing
data on levels ofCu'iO and Cu6S

• Further to investi
gate its applicability, decay scheme studies of 88.5
sec Zn61 and 38.3-min Zn63 were undertaken. Ap
proximately 80% of the Zn61 beta decays are to the
ground state of CU fil

• The positron end point is
4.38 Mev, which corresponds to a logfi of 5.2 and
to an allowed transition. Gamma-rays of 0.48,
0.98, and 1.64 Mev have been observed with rela
tive intensities of 11.2,2.9, and 6.2% of the posi
tron intensity. There is some indication of gamma
rays at 0.69 Mev and possibly other energies in
lower intensities. The data are consistent with an
existing level scheme of CU fil derived from (P,Y)
experiments.

Zn6
:l decays predominantly by positron emission

to the ground state of CU 63
. Gamma-rays having

energies of 0.67, 0.96, and 1.43 Mev are present
with intensities of 10, 8, and 1.3% of the /3+ -tran
sitions. Low intensity gamma-rays «0.28%) were
observed with energies of2.04, 2.34, 2.55, and 2.77
Mev, as well as some indications of additional
weak gamma-rays at 1.5 and 1.8 Mev. The 0.67
and 0.96-Mev gamma-rays are in coincidence
with annihilation radiation but not with each
other. An upper limit of 2% can be set for gamma
rays having energies <0.67 Mev and in coinci
dence with positrons. Internal conversion coeffi
cients for the 0.67 and 0.96-Mev gamma rays were
calculated from measured e-, /3+, and y-ray intensi
ties. The results are in agreement with Ml assign
ments for both gamma-rays. It is concluded that
the 0.67 and 0.96-Mev gamma-rays arise from
transitions between known levels at these energies
and the Cu6 > ground state.

In collaboration with members of the Physics
Department, nuclear resonance fluorescence of the
670 and 960-kev gamma-rays emitted in the de
cay of Zn6

" has been observed. A self-absorption
measurement at room temperature yields a Dop
pler cross section of 8 barns per Cu';:l nucleus for
the 670-kev line. This corresponds to a mean life
of (3 -+-1.3) X 10- 1

:
1 sec, if spin 112 for the 670-kev

state is assumed. By using a liquid (HNO, solu
tion) source, the ratio of 670 to 960-kev scattering
yield from a V2-in. Cu scatterer is 11-+-3. This 960-

•
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Table 1

Canon Diablo (II) 8.9±0.3 ::::::1.8 81± 9
Canon Diablo (I) 6.8±0.3 ::::::1.5 89± 10
Odessa 7.8±0.5 6.7 350± 40
Sikhote-Alin 6.9±0.3 4.5 260± 30
Carbo 3.6±0.2 11.0 1200±100
Williamstown 3.3±0.2 17.4 2100±300
Toluca 1.7±0.1
Casas Grandes 1.0±0.1 2.4 960±200

kev scattering yield implies that 'T960 <1.8 Xl 0-12

(g2/g!) sec. Since collisions of the recoil from the
preceding positron and K-capture will reduce the
scattering yield, the actual lifetime is expected to
be considerably shorter, in agreement with a pre
vious measurement by Ilakovac.

From the Zn6
! results it appears that the observed

energy levels of Cu6
! are not in agreement with the

Lawson and Uretsky model in the same form as
applied to CU63 and CU65. For Cu6\ although the
position of the levels is in agreement with the mod
el, the gamma transition probabilities from the
670 and 960-kev states and the large Ml contri
bution to de-excitation of these states appear to
indicate that the model is not completely appli
cable.

Cosmic-Ray Interactions With Iron Meteorites

Meteorites are generally considered to be frag
ments of an asteroidal body that was disrupted by
collision with other asteroidal bodies. Meteorites,
then, are samples of these asteroidal bodies recov
ered from space by collision with the earth. While
the meteorite was in space it was irradiated with
the high energy protons of cosmic radiation. The
interaction of these protons with the iron and
nickel atoms of the iron meteorite produces a wide
range of disintegration products, including all the
stable and radioactive nuclides below nickel in
atomic number. A study of the amounts ofcertain
of these nuclides in meteorites, combined with a
knowledge of the production rates of these nuclides
from laboratory measurements with high energy
protons produced by accelerators, yields several
interesting facts about the past history of the mete
orites and cosmic radiation. The studies at Brook-

haven have been directed toward measurement of
the time elapsed since the meteorite was formed
by collision of its parent asteroidal body, the iden
tification of meteorites, and a test of the possible
variation of cosmic-ray intensity during the past
100,000 years.

The length of time that a meteorite has been
exposed to cosmic radiation can be determined by
measuring the cosmic-ray production rate of a
radioactive nuclide in the meteorite and the
amount of the daughter decay product which has
accumulated in the meteorite. The CP6 nuclide
which decays to Ar36,

Cp6-?Ar36 +,B-+ii ,

with a half-life of 308,000 years was chosen for this
measurement. High energy cosmic rays interacting
with iron and nickel produce both Cp6 and Ar36,
but the yield of Cp6 is about four times greater
than that of Ar36. Therefore most of the Ar36 in a
meteorite was formed through the decay ofCP6,
and the CP6 disintegration rate in a meteorite
sample is a measure of the Ar36 production rate.
Hence, from a measurement of the CP6 and Ar36

content of an iron meteorite and a knowledge of
their relative production rates, the length of time
the meteorite has been exposed to cosmic radiation
can be calculated. However, two important as
sumptions must be made at present: first, that the
intensity of the cosmic radiation has been constant
over the period of irradiation; and second, that the
size of the meteorite has not been changed (for ex
ample, by erosion) during the period measured.
The validity of these assumptions will be discussed
later.

Several hundred grams of meteorite samples
were dissolved in acid, the chlorine was isolated
and counted in a small, low level, screenwall
counter. The Ar36 content was measured on a sam
ple « 1 g) by vacuum melting, and the gas
evolved was analyzed with a high sensitivity mass
spectrometer. The results obtained are given in
Table 1 along with the cosmic-ray exposure age of
the meteorite calculated from these analyses.

The ages observed for these meteorites vary
widely, the youngest being the Canon Diablo
meteorite (85 million years) and the oldest being
Williamstown (2.1 billion years). The variation
observed shows that meteorites have been formed
almost continuously throughout time. The age of
Williamstown indicates that this meteorite has ex
isted as a small fragment for about half the ac-

Exposure age,
millions
of years

Cp6 Ar36

activity, content,
dis/min/kg 1O-8 cc/ g

Exposure Ages ofMeteorites

Meteorite

•

•

•
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cepted age of the solar system; if the asteroids were
formed by breakup of a planet, this event must
have occurred at least 2.1 billion years ago. It
would be interesting to make additional studies of
this type to determine whether the age spectrum of
meteorites shows peaks indicating events in which
large numbers of meteorites were formed. The age
of the Williamstown meteorite may be used to set
an upper limit on the space erosion of bodies. If
the meteorite is being diminished in size by bom
bardment in space by dust, gas, ions, and elec
trons, then the actual age of the meteorite will be
longer than the age as measured by the CP6_Ar36

method. On the basis of the CP6_Ar36 age and the
penetration of cosmic radiation in meteoritic
material, an upper limit of 3 X 10-8cm/year was set
for the erosion rate, a value;:::: 100 times smaller
than estimates based upon astronomical data.

As pointed out earlier, the ages calculated above
depend upon the cosmic-ray intensity's remaining
constant. An investigation of this feature of cosmic
radiation is very important in an understanding of
the origin and past history of cosmic radiation. It
has been found that this property of cosmic radia
tion can be tested by measuring the amounts of
radioactive nuclides in meteorites having different
half-lives. This test can be made accurately, and
is at present the only known way of observing
changes in cosmic-ray intensity which took place
millions and perhaps billions of years ago. Studies
along these lines have been started at Brookhaven,
and one result was obtained this year. The meas
urement depends upon observing the ratio of ac
tivities of two or more radionuclides having differ
ent half-lives and comparing this ratio to the rela
tive production cross sections as observed with
high energy protons produced in accelerators. The
short half-life radionuclides will follow the changes
in cosmic-ray intensity rapidly, and the long half
life radionuclides will lag behind the cosmic-ray
intensity changes. It is known that if the radio
nuclides are close to one another in isotopic mass,
then the ratios of the production cross sections do
not change with energy over wide limits (0.5 to
6 Bev). This will be discussed later. The best se
quence of radionuclides for this study is Ar39 , CP6,
and K 40 with half-lives of 260 years, 308,000 years,
and 1.3 billion years.

A measurement of the Ar39 activity was made in
the Sikhote-Alin meteorite (which fell in 1947 in
Siberia) and compared to the CP6 activity. From
bombardment data and meteorite data it is calcu-

lated that the ratio of CP6 to Ar39 should be
1.0 +0.2 if the intensity of cosmic radiation has
been constant. The observed ratio of the CP6 to
Ar 39 activities in the Sikhote-Alin meteorite was
1.0+0.1. It is concluded from this single experi
ment that the cosmic radiation intensity has been
constant to within 10% of its present value for the
last 100,000 years. These studies will be extended
in the future to other meteorites and other radio
nuclides.

Cosmic rays produce He3 and He4 in iron mete
orites in the ratio of;:::: 1 to 3, while terrestrial heli
um contains only one part He3 for each million
parts He4

• A study of the relative abundance of
helium isotopes in objects suspected of being mete
orites furnishes a positive means of identification.
An iron object known as the Washington County
meteorite was suspected of not being a meteorite.
The helium content was measured, and it was
found that the He3/He 4 ratio was 0.067, much
higher than expected from terrestrial samples. For
this reason this object is classified as a meteorite.

During the past year measurements by high
sensitivity mass spectrometry have been continued
on the cross sections for argon, neon, and helium
production by high energy proton bombardments.
The argon values have been extended in range to
6 Bev. In determining the exposure ages of mete
orites and the constancy of cosmic-ray intensity, it
is assumed that the cross section ratios of neigh
boring nuclides are independent of energy. Hence,
it is important to measure these cross section ratios
at several energies. For the argon isotopes it was
found that at 6 Bev the ratio Ar36:Ar38:Ar39 is
1:8.2:4.2 compared to 1:8.0:4.1 at 400 Mev. This
result shows that the ratios are indeed independent
of energy. The 6-Bev target was bombarded at the
Berkeley Bevatron.

In order to understand some of the results in the
literature obtained on iron targets and to interpret
future studies with stony meteorites, a target some
what lighter than iron should be studied. For this
reason the helium and neon measurements have
been made for aluminum targets. Proton bom
bardments have been made at 380 Mev at the
Columbia cyclotron, at 700 Mev at the Berkeley
cyclotron, and at 6 Bev at the Berkeley Bevatron.
The results appear in Table 2.

The measurements can be compared to those
for the helium found in stony meteorites. The He3

is produced directly by cosmic rays and as a decay
product of the cosmic-ray-produced tritium. It is

...
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possible to estimate a cosmic-ray exposure age by
measuring the tritium activity and the accumu
lated He3

• In order to obtain an age, however, it is
necessary to know how much of the He3 is directly
produced and how much results from the decay of
tritium, and to determine whether the relative
amounts change with energy. The ratio of the He3

cross section to the tritium cross section from the
literature appears in Table 2. The ratio changes
by almost a factor of two in going from 700 Mev
to 6 Bev. Since this ratio is not constant with ener
gy, the He3 -T method is not particularly accurate
for stony meteorites.

Chlorine-36 Radioactivity in Rain

Cosmic rays and nuclear explosions add radio
activity to the atmosphere, and rainfall then re
moves it. Information obtained from the investiga
tion ofsuch activity is of significance in geological
problems. CP6 is a useful isotope in such an inves
tigation because it has a long half-life (300,000
years) and forms compounds that are very soluble
in water. Two rainfalls sampled in the summer of
1957 were found to contain 2.0 and 8.0 dis/min-g
Cl. These levels of activity are larger by several
orders of magnitude than those expected from
cosmic-ray production and are very likely pro
duced by neutron irradiation of sea spray in
oceanic nuclear explosions. Water taken from the
Long Island water table contains 0.68 dis/min-g
CI of CP6 activity. The fact that this value is lower
than that for rain indicates that the mean resi
dence time of Long Island ground water is >10
years, the interval during which CP6 has been
added as a result of bomb tests. Water taken from a

Table 2

Cross Sections (mb) for the Production ofHelium
and Neon From Aluminum by High Energy Protons

Proton energy

380 Mev 700 Mev 6 Bev

He3 22 33 80
He4 253 320 430
He3/T* 0.88 0.94 1.60
Ne20 23 :::::25
Ne'l 23 22 22
Ne22 12 15

*Tritium values taken from the literature.

43

Vermont stream contained 0.37 dis/min-g CI of
CP6 activity, which is lower than that found in
rainfall samples, possibly because of dilution or ex
change of the chloride reaching the stream in rain
fall with mineral chloride, so that the chloride in
the stream appears to be chiefly of mineral origin.

STRUCTURAL CHEMISTRY

Neutron Diffraction by Magnetic Crystals

The spin arrangements of a number of transi
tion metal salts with the NaCI structure have been
investigated by neutron diffraction. These studies
have shown that in all these compounds the anti
ferromagnetic structure is characterized by an ar
rangement in which next-nearest-neighbor spins
are antiparallel. Below the Neel point, the transi
tion metal atoms separated by unit translations
parallel to the axes of the chemical unit cell have
their moments oppositely directed. This antiparal
lel coupling is stabilized by a superexchange inter
action proceeding through the anion located mid
way between each pair of magnetic ions. All the
rock salt structures so far investigated are largely
ionic in character, and the 2p-orbitals of the anion
appear to provide the coupling. It would be of
interest, in connection with the superexchange
mechanism, to examine compounds in which the
bonding is largely nonionic and in which at the
same time the rock salt structure is retained. Such
salts can be found among the so-called interstitial
compounds, which are characterized by high melt
ing points, extreme hardness, brittleness, and elec
trical conductivity. Indeed, Rundle has proposed
that the bonding in these electron-deficient struc
tures of the rock salt type is one in which the anion
utilizes 2 hybrid sp-orbitals and 2 pairs ofp-orbit
als to form 6 bonds, 2 of which are ordinary
covalent bonds. Full octahedral symmetry is then
achieved by resonance.

CrN (crystallizing with the N aCI structure) is
an example of an interestitial compound which
has been found to be antiferromagnetic with a
Neel point of O°C. Neutron diffraction patterns
taken at 77° and 4.2°K show a well-defined series
of superstructure lines which can be indexed on
a unit cell doubled along two edges ofthe original
chemical cell. This type of cell implies that the
ordering scheme of the magnetic moments is of the
fourth kind, shown in Figure 2. The four inter
penetrating substructures may be arranged in two
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b =1/2(b7-~)
c = C'

eCr.Z=O
OCr. Z=I/2

Figure 3. Orthorhombic structure ofCrN produced by a
distortion of the cubic lattice shown in Figure 2. The unit
cell is outlined by dashed lines.

CrN-77°K
ORTHORHOMBIC AXES

0=5.757 b=2.964 c=4.134

Rundle's proposed model of interstitial com
pounds. The antiferromagnetically coupled Cr
atoms presumably are bonded to the N by the p
orbitals and the ferromagnetically coupled ones by
the sp hybrid.

Single-Crystal Neutron Diffraction

A refinement of the structure of dimethylgly
oxime, the gross features of which were discussed
in last year's report, has been completed. The
O-H bond distance is 1.02 --+-0.06 A, and the
O-H...N hydrogen bond angle is 140--+-7°. There
is some distortion of the methyl group from the
ideal tetrahedral configuration, the H-C-H bond
angles being 88 --+- 5 0, 116 --+-12 0, 121 --+-10 ° . At the
same time, the H-C j -C2 angles and C-H dis
tances appear to be normal.

Work has continued on the accumulation of a
library of crystallographic computing programs
for the IBM 704. Programs now in use include a
structure factor-least-squares program (which
solves the complete least-squares equations for the
refinement of positional and anisotropic param
eters for all atoms in a crystal structure), a Fourier
synthesis program, a program for calculating ab
sorption and extinction corrections for crystals of
general shape, a program for calculation of dif-

( b)( 0)

Figure 2. Magnetic moment ordering of the fourth kind.

ways, leading either to alternating double ferro
magnetic sheets in the [110] direction (Figure 2a),
or to alternating single ferromagnetic sheets inter
leaved with mixed sheets propagated in the [110]
and [110] directions at right angles to each other
(Figure 2b).

Suitable agreement between calculated and ob
served integrated peak intensities could not be ob
tained by varying both the spin direction and the
magnetic form factor. A careful examination of the
neutron diffraction patterns led to the conclusion
that a crystal distortion had set in below the Neel
point. An x-ray study confirmed this and indicated
an orthorhombic unit cell related to the original
cubic cell as shown in Figure 3. An application of
space group arguments for magnetic structures
(similar to those previously used for CuFeS2 ) led to
the following conclusions about the magnetic struc
ture in the orthohombic phase: The most symmet
rical space group which satisfies the powder data is
Pnma. In this space group the metal atoms, as well as
the nitrogen atoms, need no longer be in special
positions, and there are two parameters, x and z, for
the chromium and nitrogen atoms. The spin direc
tion is fixed by symmetry along the y axis of the
orthorhombic cell, i.e., the face-diagonal of the
original cube which is elongated by the distortion.
On the basis of the powder data and by assuming
small displacements, X Cr as well as x" can be fixed.
Excellent agreement is then achieved between the
calculated and observed integrated intensities.

The displacements in the x-y plane are such that
like magnetic planes are moved apart while
unlike planes are moved closer together. The
nitrogen atom tends to remain equidistant from its
four Cr neighbors in this plane. These Cr atoms
are antiferromagnetically coupled via the nitro
gen. On the other hand, the Cr atoms above and
below the N atom are no longer symmetrically
located. This may be interpreted in terms of
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fractometer angles, and a program for the calcu
lation of interatomic distances and errors, in which
the complete correlation matrix is taken into con
sideration. These programs are used on the IBM
704 computer at the AEC Computing Facility of
New York University.

The Electronic Absorption Spectrum
of the Nitrate Ion

The absorption spectra of single crystals of
NaN14N03 , NaN'5N03 , KN14N03 , and KN'503

have been observed at 4 0 K. By cooling the crystals
to this temperature, a series of sharp lines is ob
served in the 3000-A region, instead of the broad
band observed at room temperature. Polarization
spectra were obtained from suitably oriented sin
gle crystals illuminated by polarized light.

The spectra were analyzed on the basis of the
line spacings, polarization properties, isotopic shift,
and crystal field splitting. A qualitative LCAO*
molecular orbital treatment indicates that the first
excited electronic state of the nitrate ion (ex
pressed in D 3h point symmetry, the symmetry of
the free ion) should be an A,", E', or E" state. The
crystal field splitting and polarization effects are
consistent only with an E' excited state. The ob
served line spacings may be analyzed in terms of
two inner vibrations of the ion which also have E'
symmetry, and with frequencies given in Table 3.
A comparison of these frequencies with those of
the ground state indicates that the stretching force
constant in the excited state is ::::: 1h that of the
ground state. This fact, together with Badger's
rule relating force constant and bond distance, can
be used to show that the N-O bond length is :::::0.5
A greater in the excited ion than in the normal
ion. Some asymmetric distortion is indicated, but
the ion probably remains planar in the excited
electronic state.

CHEMICAL EFFECTS OF RADIATION

Aqueous Systems

The conventional system for the study of radia
tion chemistry of aqueous solutions is one in which
the concentration of dissolved materials is so large,
or the radiation intensity so low, that all the free
radicals OH and H generated from the water by ir
radiation (that escape initial recombination in
tracks or spurs) disappear by reaction with solute

"Linear combination of atomic orbitals.
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Table 3

Vibrational Frequencies (cm- 1
) of the Nitrate Ion

Ground state Excited state

Vibration NaN03 KN03 NaN03 KN03

p/a/) 1068 1050 not observed
p,(a,' ) 845 826 not observed
P3(e' ) 720 714 691 706
p.(e' ) 1385 1343 265 264

1361

molecules. The system is then determined by the
competition between different solutes for reaction
with radicals and by the nature of the subsequent
reactions. Reaction mechanisms have previously
been elucidated in detail in this laboratory for
solutions of nitrate ion, oxygen, ferrous chloride,
and ferrous sulfate. At present, solutions of iodide
ion are being studied over a range ofpH values in
the presence and absence of dissolved oxygen. The
system is characterized by the reaction OH+I
=I+OH-, and the considerable variation in the
yields of iodine and hydrogen peroxide with
changing pH is thought to be due to differences in
the reaction of the atomic iodine at different hy
drogen ion concentrations. Difficulties are being
encountered in the detailed interpretation ofsome
of the results, and work is continuing.

The photochemistry of iodide solutions is also
being studied with ultraviolet light of wave length
2537 A. Absorption of light by the iodide ion is
believed to be accompanied by electron transfer
from the ion to the solvent with a certain probabil
ity of escape offree hydrogen and iodine atoms
into the solution. The observed quantum yields of
iodine, however, must depend on the complicated
secondary reactions of these free radicals as well as
on the magnitude of the primary quantum yield.
Comparison of the gamma-ray results with ultra
violet results under similar conditions ofpH and
solute concentration makes possible elimination of
many of the complications caused by secondary
reactions and hence better characterization of the
primary process. Considerable confusion has ex
isted regarding the possible role of hydrogen ions
in the primary process of electron transfer. Present
results suggest that the primary photochemical
process does not require a hydrogen ion, and that
the greatly increased quantum yield for iodine for
mation at high acidity results from differences in
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the secondary processes. This work is being active
ly continued.

Experiments of this type allow only a determi
nation of the relative rate constants for various re
actions of the radicals. To determine the actual
absolute rates of radical reactions, water decompo
sition is studied at relatively high radiation intensi
ties and low concentrations of solutes; experiments
have been done using deuteron and helium ion
beams at the cyclotron and electron beams from
the Van de Graaff machine. The interpretation of
the results is made difficult by impurity effects and
by the fact that these beams do not give homo
geneous intensities throughout the irradiation
zone. However, tentative values have been ob
tained for the ratios of various radical recombina
tion rate constants for reactions such as OH+OH
=H2 0 2 , OH+H02 =HzO+Oz, and H02 +HOz
= H 2 0 Z + O 2 , It is hoped that extension of this
work by the use of intermi ttent irradiation will
yield absolute values for the radical lifetimes and
hence for rate constants of radical reactions in
general.

Meanwhile a more direct approach is being
made to determine the lifetime of the longest-lived
radical common in aqueous radiation chemistry,
H02 • Acidified, aerated water is flowed past the
beam of the Van de Graaffmachine, and the con
centration of H02 in this beam is determined by
running the stream into a solution of hydroqui
none. Previous studies on the radiation chemistry
of hydroquinone and various substituted hydro
quinones had suggested that some of these com
pounds react readily with H02 but not with the
recombination products of H0 2 , namely H 20 2

and O 2 , In the flow experiment there is indeed
found a slight oxidation of hydroquinone, which
decreases with increasing time of flow from the ir
radiation zone to the point where the solutions
mix. Preliminary results are in agreement with the
expectation of a bimolecular decay mechanism
for the H02 radical, with a rate constant of
:::::2 X 106 liters/mole-sec in sulfuric acid solutions.

Hydrocarbon Systems

The chief question in the radiation chemistry of
hydrocarbons at present is the extent to which ob
served products of hydrocarbon radiolysis may
arise from two possible sources; the interaction of
neutral free radicals, or direct reactions of radia
tion-produced ions. Previous work with liquid
pentane showed a product spectrum which could

be satisfactorily explained on the basis of a free
radical mechanism. At present, work is proceeding
with the unsaturated hydrocarbons 2-pentene and
2-butene. The action of free radicals on such com
pounds should involve hydrogen abstraction from
the molecule, with the formation of allylic radicals
which should dimerize to yield eventually prod
ucts containing two double bonds per molecule.
In fact, products having twice as many carbon
atoms as the original hydrocarbon are formed to a
considerable extent, but these products average
only 1.1 to 1.35 double bonds per molecule. It is
believed that large amounts of such products arise
from ionization of the original olefin followed by
immediate addition of this ion to a neighboring
olefin molecule.

Studies are also continuing on the radiolysis of
pentane adsorbed on various mineral solids of high
adsorptive capacity. Figure 4 shows the amount of
hydrogen produced from various systems per unit
of energy taken up by the entire system of solid
and pentane, as a function of the percentage of
pentane present in the system. The "liquid line"
represents the yield to be expected ifthere were no
interaction between pentane and solid; it runs
from the origin to the GT (H 2 ) value for liquid pen-
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Figure 4. Hydrogen yields. NaX, 0; NaMnX, e;
NaCoX, (); NaCaX, 0; CaA,.; silica gel, this work, .;
silica gel, Caffrey and Allen, 6. Liquid line dashed.
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TRANS-STILBENE ACTIVITY

(Azobenzene as N Source)

It has been found that the yield of each radio
active re-entry product is a linear function of the
concentration of the corresponding parent com
pound, except at low concentrations (Figure 5).
The incorporation of C14 into the ring carbons of
azobenzene as compared with those in stilbene is
essentially statistical. On the other hand, the
ethylenic carbons in stilbene are found to be re
placed by the recoil fragments approximately
twice as readily as the atoms in the benzene nuclei:

Figure 5. Yields of C 14-labeled azobenzene and stilbene
produced by neutron irradiation of azobenzene-stilbene
mixtures.

tane at 100% pentane. The variety of curves ob
tained shows the strong interaction with respect to
radiation effects existing between the organic
molecules and the mineral substrate on which they
are adsorbed. On the sodium zeolite mineral NaX,
which has a cagelike structure allowing large
quantities of adsorbent to be in intimate contact
with the mineral substance, the amount of hydro
gen formed is almost independent of the amount of
pentane present, which indicates that all the energy
is effectively pooled by the two substances. When
some of the sodium ions in the lattice are replaced
by cobalt ions, the yield of decomposition is greatly
increased. The results are seen to be very different
for different kinds of mineral adsorbents. Appro
priate blank experiments have shown that in every
case the result is not due to catalysis by the irradi
ated mineral of the ordinary thermal decomposi
tion of the pentane, and that appreciable decom
position is found only when the pentane and the
mineral are irradiated together. The other radi
olysis products from pentane in these systems have
also been studied in detail, and several unexpected
results were obtained. For example, it has been
shown that at very low percentages of pentane on
silica gel there is a high yield of branched reaction
products such as isobutane, but at higher percent
ages of pentane these products disappear, appar
ently because of some self-quenching action. The
results show that the nature of radiolysis products
can, in general, be modified by adsorption, and
that energy can be readily transferred between
molecules even when the forces holding these
molecules together are relatively weak.

•

•

•

ORGANIC CHEMISTRY

Carbon-14 Recoil Chemistry

In order to study further the role of chemical
environment in determining the reactions of recoil
fragments resulting from radiative neutron cap
ture, a medium is required in which the chemical
composition can be changed with minimal varia
tion in physical conditions. The azobenzene
stilbene system has been found to satisfy this con
dition. The components are similar in structure
and stability and are isomorphous, forming an
ideal solid solution over the whole range of con
centrations. The study of the chemical effects of
the N14(n,p)C14 reaction can be readily carried out
in this system, since azobenzene is a nitrogen-con
taining compound.

This is in direct contrast to the observation that
the replacement of the side-chain carbon atom in
toluene is somewhat less than statistical, and em
phasizes again the limits that must be placed on
generalizations about the statistical behavior of
recoil fragments.

Conclusive evidence to indicate the relative ease
of replacement of the nitrogen atoms in azoben
zene has not been obtained because of difficulties
encountered in isolating the desired products. The
replacement of nitrogen is favored, but the results
are closer to statistical predictions than those for
stilbene. However, it was demonstrated from deg
radation studies that 85% of the C14 activity re
mained at the site of replacement, with the re
mainder distributed in the ring. This result is in
agreement with those obtained for the replace-
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ACTIVE BENZALANILINE

FROM AZOBENZENE-STILBENE MIXTURES

ment of hydrogen m benzene and nitrogen in
aniline.

It is suggested that such linear dependence of
activity on mole fraction might be used to investi
gate a system in which solid solutions can be ex
pected. The reported failure to obtain labeled
naphthalene when a mixture of naphthalene and
hydrazine oxalate was irradiated may reflect the
fact that this is a system of mixed crystals rather
than a true solid solution. Clearly, in a mixed crys
tal or mechanical mixture the majority of the re
coil carbons formed would be attenuated in the
crystal in which they were formed, while such con
ditions do not obtain in a true solid solution. It
may further be suggested that phase changes and
other phenomena occurring in more complex solid
solutions might be correlated with the dependence
of activity on mole fraction in an appropriate sys
tem.

It should be made clear that this statistical de
pendence can be expected, all other conditions
being met, only when there are structural similari
ties and when the excited states of the precursors
of the isolated labeled entities are nearly the same.

Benzene-amine systems have been further stud
ied in order to investigate the factors affecting the
production of recoillabeled benzene and toluene
from benzene. Two amines with widely different
chemical and physical properties were chosen as
nitrogen sources. The aromatic amine 2-methyl
pyrazine has a carbon-to-nitrogen ratio of 5 to 2
and has six hydrogens per molecule. It has a boil
ing point of 139°C and is relatively stable to radia
tion. The aliphatic amine 3,3' -diaminodipropyl
amine has a carbon-to-nitrogen ratio of 6 to 3 and
has 17 hydrogens per molecule. It has a boiling
point of 250 °C and is considerably more sensitive
to radiation than 2-methylpyrazine.

•

..

Solutions contammg from 10 to 90 mole %
amine in benzene were irradiated under similar
conditions. Duplicate experiments were performed
for the aliphatic amine-benzene systems. Purifica
tion of the resultant benzene and toluene (isolated
with carrier) was achieved by chemical and physi
cal means.

The curves depicted in Figures 6 and 7 clearly
indicate the marked dependence on amine type.
The benzene-2-methylpyrazine system seems to
show a linear dependence of product yield on
amine concentration. Since only one determina
tion was made for each concentration, it cannot be
stated that the dependence is strictly linear; there
may be a slight curvature at low amine concentra
tions. The results for the benzene-3,3'-diamino
dipropylamine are far more striking. The benzene
yield still shows a linear dependence on amine
concentration. Indeed, the extrapolated value for
benzene yield at 0% amine concentration is almost
identical with that found in the benzene-2-meth
ylpyrazine system, being ~2.6%. Toluene produc
tion, however, shows a sharp rise in yield. It is in
teresting to note that this can be related to the
availability of hydrogen in the compounds in solu
tion. It has been shown that toluene is exclusively
a product of hot reactions when formed by the
C 12 (n,2n)C" reaction in benzene. As a working
hypothesis, it may be assumed that all the toluene
produced in the benzene-amine systems is also
formed by hot processes. The major determining
factor for toluene production might therefore be
the availability of hydrogen, since clearly three
hydrogens are required for the methyl group (if
the hydrogen originally attached to benzene is not
considered). Equation (1) relating the radiochemi
cal yield of toluene (R)

R/Ro=x"+n(x-x") (1)

at any mole fraction of benzene (x) to the yield of
toluene (R o) in an infinitely dilute amine solution
can be derived from probability considerations. It
contains an adjustable parameter (n) which is the
ratio for hydrogen availability between the nitrogen
source and the substrate. It can be seen from Fig
ure 7 that the theoretical curve closely follows the
observed curve. It is interesting to note further that
the maximum for the theoretical curve was chosen
by adjusting the hydrogen availability parameter,
n. If strict statistical dependence on hydrogen
availability were followed, the value of n relative
to benzene should have been ~3. It is actually 4.5,

0% 0%
Not measured

100%
85%

3,3'-Diaminodipropylamine

H 2N(CH 2);NH(CH,),NH,

0%
15%

2-Methylpyrazine

Relative activity (theory)
Relative activity (found)
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Figure 7. Yields ofC14-la beled benzene and toluene from
ne~tron irradiation of benzene-3,3'-diaminodipropyl
amine.

ly studied. This difficulty is not encountered in iso
tope effects on chemical equilibria, for here two
stable species are concerned.

Carbon isotope effects on equilibria too mobile
to permit sampling of the different chemical spe
cies, such as those encountered in displacement
reactions on carbon, are difficult to measure since
very precise measurements must be made of the
two equilibrium constants in separate experiments.
With the development of a very precise method of
measuring small differences in the conductivity of
electrolytes in liquid sulfur dioxide, however, such
a method was at hand for carbonium ion equi
libria.

With this method, the ratio of ionization equi
librium constants (K12 / K13) for triphenylchloro
methane-C12 and triphenylchloromethane-C13 (60
atom % C13 in the tertiary carbon) was found to be
0.98. This "reverse" isotope effect can be explained
by consideration of the resonance structures for
the carbonium ion:

MOL PERCENT ALIPHATIC AMINE
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Reaction Mechanisms

which supports the view that even in the non
thermal region chemical factors are involved in
product determination.

Refinement of these data in terms ofexperimen
tal work is difficult because of the extremely labo
rious purifications required and the difficulty of
maintaining reproducible reactor conditions over
an extended period of time. Such studies might
result in a better understanding of the mechanism
of action of C14 recoil fragments and aid in the
selection of optimum conditions for yield maximi
zation in any particular system.

Figure 6. Yields of C14-labeled benzene and toluene from
neutron irradiation of benzene-2-methylpyrazine mix
tures.

Recently reported kinetic isotope effects in uni
molecular (SNl) and bimolecular (SN2) substitu
tion reactions of alkyl halides are more or less at
variance with the well-established nature of these
reactions. The C 14 isotope effect observed in the
SNI reaction (where bond-breaking is known to be
the sole process occurring) was four times smaller
than the effect in the SN2 reaction (where bond
making by the incoming reagent should partially
compensate for bond-breaking by the leaving
group). The interpretation of kinetic isotope effects
is always made difficult by the lack of information
about the transition state, which cannot be direct-

-..
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+H,O

H H'

6
H'
I

====0,I' " +H 30+

+H'H,O+6
Furthermore, the A-SE 2 reaction will probably
show a dependence on the H o measure of acidity,
and this proportionality to H o will no longer be the

This reaction scheme, however, is more elaborate
than those accepted for other electrophilic aromat
ic substitutions which require only a two-step se
quence. Such a mechanism for aromatic hydrogen
exchange would involve a rate-determining proton
transfer and would be of the A-SE 2 type. The acid
ity dependence of such reactions is not known with
certainty.

The A-1 and A-SE 2 mechanisms, though inher
ently very different, are fairly difficult to distin
guish experimentally. One important difference is
that the A-SE 2 reaction is subject to general acid
catalysis, while the A-1 reaction is subject only to
hydronium ion catalysis. This difference is usually
detected experimentally by measuring rates of re
action in buffer solutions of constant buffer ratios
but different buffer concentrations. Since the solu
tions have a constant hydronium ion concentra
tion but different undissociated acid concentra
tions, specific hydronium ion catalysis will result
in the same rate of reaction in all these solutions,
whereas general acid catalysis will lead to different
rates. Figure 8 shows that for aromatic hydrogen
exchange the rate is a function of buffer concen
tration, and therefore this reaction is subject to
general acid catalysis. Hence the following two
step mechanism is probably correct:

fast

slow

H'

6

+H'H,O+

The partial double-bond character of the central
carbon to aryl carbon bonds strengthens these
bonds compared with those in the triphenylchloro
methane. Since similar resonance structures in
volving hyperconjugation are possible in the tran
sition state for the SN1 kinetic case, this may serve
as an explanation of the abnormally low isotope
effect observed there.

Research on the mechanism of aromatic hydro
gen exchange was aided by the recent discovery that
1,3,5-trimethoxybenzene is sufficiently reactive to
exchange in dilute aqueous acid. This permits the
measurement of exchange kinetics in buffer solu
tions, which yields new information on the mecha
nism of this type of reaction.

Previous work on less reactive substrates in
strong mineral acids has shown that the rate of
aromatic hydrogen exchange follows Hammett's
acidity function, H o. This has long been the classi
cal test of the A -1 mechanism of acid catalysis, and
the A-1 exchange mechanism would involve the
following steps:

H

o
loT
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By the method of synthesis and by an independent
degradative method it was shown that there could
be no question as to the specificity of the label
[Equation (3)].

Synthesis

-'" 3.0

'"',

2.0

1.0 Degradation (3)

Figure 8. Rate of tritium exchange between 1,3,5
trimethoxybenzene and aqueous acid solutions as a func
tion of buffer concentration.

+NaMnO. (10%) ----7o 0.05
M. HOAc

0.10

o

!]x\ .
C

//o
100% of the activity of
the starting material

unique criterion for the A-I reaction that it was
once supposed to be.

The structures of substituted cycloheptatrienes
previously have been inferred from the structures
of known substituted phthalic acid esters obtained
by the thermolytic decomposition of the Diels
Alder adduct of the particular cycloheptatriene
and acetylene dicarboxylic acid ester, as shown in
Equation (1).

The extent of randomization is found to be a
function of the temperature of the liquid phase
(Table 4). The reaction is probably unimolecular
since the rearrangement can also be effected by
pyrolysis in the gas phase (Table 4). Clearly a re
arrangement of the ring skeleton has occurred
during the decomposition. This rearrangement
makes suspect the validity of using the structure of
the product of the pyrolysis to infer the structure of
the corresponding substituted cycloheptatrienes.
The detailed mechanism of this reaction is cur
rently under investigation.

Table 4

Skeletal Rearrangement During Pyrolysis
ofCycloheptatriene Diels-Alder Adduct

In the course of an investigation of the radiation
chemistry ofcycloheptatriene-l-C14 it was noted
that the thermolytic decomposition of the specifi
cally labeled cycloheptatriene led to some ran
domization of the activity. The isolated phthalic
acid ester obtained contained C14 [Equation (2)].

Phase

Liquid
Liquid
Gas

Temperature, °C

245
280
300

Percent rearrangement

20
25
13

CHEMICAL EFFECTS OF NUCLEAR
TRANSFORMATIONS IN INORGANIC SYSTEMS

Studies on the behavior of recoil cobalt atoms
in neutron-irradiated cis- and trans-dichlorobis
(ethylenediamine) cobalt(III) nitrate have been
refined and extended. In addition, the reactions of
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recoil chlorine atoms in the same crystals are un
der investigation. The results obtained to date, in
cluding preliminary data on the latter system, are
reported in Table 5.

The hot atom chemistry of bromine in potas
sium bromate has been extensively investigated.
Three methods of analysis of the neutron-irradi
ated crystals were used: (a) dissolution in bromine
water followed by extraction of Br2 with CCl., (b)
paper electrophoresis on both cellulose and glass
fiber paper, and (c) recrystallization of the salt to
constant specific activity. Methods (b) and (c)
gave concordant results; method (a) gave consist
ently higher values for the percent retention of
bromine in bromate form, which were found to be
due to the inefficiency of the bromine extraction.
Improvement of method (a) brought results from
all three methods into reasonable agreement,
:::::: 18% BrR2 activity as bromate. The retention of
Br82 was found to be independent of time of ex
posure in the reactor for times from 1 sec to 3 min,
in disagreement with other data in the literature.
It was found that the retention of BrRo was smaller
than that ofBr 82

, the ratio being ::::::1.4.
The yield of BrRo as bromate from the isomeric

transition process BrRom (4.58 hr)~ BrRo (18 min)
was found to be ::::::36% in KBr03 at room temper
ature and nearly 50% at both _78° and 98°C.
These figures are all substantially greater than the
corresponding ones for (n,y) activation ofKBrG.3'

Finally, an investigation has been started of the
recoil reactions of phosphorus atoms in solid phos
phates [from the (n,y) reaction] and sulfates [(n,p)
reaction]. To this end, the technique of paper elec
trophoresis has been refined to the point that
many of the large number of possible phosphorus
anions can be successfully separated from one an
other. The effects of structure and radiation dam
age on the yields of the various species are current
ly under investigation.

CHEMISTRY AND APPLICATIONS OF ISOTOPES

Hammett Acidity Functions and
Dissociation Constants in Heavy Water

The acidity scale suitable for use with strong
acids is the Hammett acidity function,

H o pKBH.-log (CBJlJCB),

where B is a neutral base and BH' its conjugate
acid. For the study of reactions in heavy water, it
is useful to have values of the analogous function

Table 5

Reactions of Recoil Cobalt and Chlorine Atoms
in Neutron·Irradiated cis- and trans·Dichlorobis·

(ethylenediamine) Cobalt(III) Nitrate (Solid)

Percent Percent
Target as parent of opposite Percent Recoil

complex Isomer isomer Co" atom

cis 21±1 0.1±0.2 60±2 Co';o
trans 22±1 0.1±0.2 69±2

cis* 47±1 0.3±0.2 30±1 CallO

trans* 60±2 0.3±0.2 30±1

cis** 12.4 0.4 Cl'''
trans** 11.8 0.8

*Sample annealed 116 hr at 100 0
• A 4-hr anneal at

100 0 gave nearly the same results.
**Results of a single experiment. Further work is in

progress.

for the deuterated species, which may be desig
nated Do. This function has been evaluated from
spectrophotometric data obtained for a series of 14
indicators in DCl solutions of 10-· to 1 M and in
D 2 SO. solutions of 10-· to 12 M. Simultaneously,
values of the ionization constants for the conjugate
acids of these bases have been measured in H 2 0
and D 20.

In hydrochloric acid, Do is found to be equal
to H o throughout the concentration range studied,
and H,,= -log Cacid ' This can be explained if the
Debye-Hiickel limiting law is valid, and if the
acidity coefficient of an uncharged species is close
to unity. In sulfuric acid, Do is equal to Ha, except
for the concentration range of 10-3 to 10- 1 M,
where the difference between the dissociation con
stants of DSO.- and HSO.- becomes important.

About 20 years ago, it was suggested that the
difference between dissociation constants of an
acid in H 2 0 and DcO (~pK) should increase with
decreasing acid strength The few data then avail
able were in agreement with this proposal, which
was based on the assumption that the zero-point
vibrational energy of an acid is related to its free
energy of dissociation. There is no theoretical justi
fication for such an assumption, and it is more
likely that the zero-point energy is primarily a
function of the acid type. Then ~pK will depend
mainly on the type of acid, and secondarily on the
acid strength. Experimental confirmation of this is
shown in Figure 9.
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Acid and Base Catalysis
and Relative Reaction Rates

in Light and Heavy Water

Studies of mechanisms of acid and base catalysis
have often made use of the relative rates in H 20
and D20. An analysis has been made of the effect
of acid and base strengths on the relative rates of
acid and base catalyzed reactions in H 20 and
D 20.

For reactions involving specific hydrogen ion
catalysis, the ratio of rate constants (kHlkD ) is ex
pected to be in the range of 0.25 to 0.50, in a~~e

ment with experiment. If a water molecule IS In

volved in the rate-determining step, the ratio
kH I kD is expected to be somewhat larger than this.
The conclusions for specific hydroxyl ion catalysis
are similar to these, and values of k H I k D are ex
pected to be ;::::::;0.6 to 0.7.

For the case of general acid catalysis with a
rapid pre-equilibrium proton transfer, the ex
pected value of kH I kD depends considerably on
whether or not the proton removed in the slow
step exchanges with the solvent. If the same iso
topic species is removed in H 20 and D 20, ~he

ratio kH I kD should be considerably less than umty.
If a proton is removed in H 20 and a deuteron in
D20, values of kH I kD larger than unity may be ob
tained. This ratio will be larger for weak than for
strong acids by a factor of 2 to 4 if there is no ex
change; if exchange takes place the effect of acid
strength will be slightly diminished.

When the mechanism involves general acid
catalysis with an initial slow proton transfer, the

I
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Atheor.Aexp.

Pre-Exponential Factors in the Relative Rates

Table 6

ratio kHIkD will generally be greater than unity.
The predicted effect of acid strength is similar to
that for the case of general acid catalysis with pre
equilibrium and no isotopic exchange.

The Potential Energy
of the H2CI Transition Complex

A few years ago, some of the characteristics of
the transition state involved in the reaction
H2+CI~HCI+Hwere derived from data on the
relative rates of reaction of H 2and HT. The rela
tive rates of reaction of H 2and HD have now been
measured over the temperature range of 243° to
350°K. The ratio of rate constants (R=kHlkD ) is
expressed by R =(1.24 -+-0.03) exp (490-+-61RT) in
this temperature region.

Several models for the activated complex have
been examined and correlated with the H 2 /HT
data, the H 2 /HD data, and some fragmentary data
for H 2 /D 2 • If it is assumed that the mixed mole
cule, e.g., HD, reacts with approximately equal
probability to form HCI or DCI, then the tempera
ture independent factor in the ratio of rate con
stants can be rigorously calculated. The results,
shown in Table 6, are in good agreement with ex
perimental values. The values quoted are for a
linear transition state, but nearly the same values
are obtained from reasonable triangular models.

The first type of potential function for the H 2CI
complex used corresponds to an attractive force
between hydrogen and chlorine atoms and a re
pulsive force between hydrogen atoms. This func
tion does not predict an exponential dependence of
R in liT, contrary to the experimental data.
Three potential functions, one for a triangular
complex and two for linear complexes, were found
which give the correct exponential dependen~e.
The most favorable function gives an ;::::::; 15% dIS
crepancy between calculated and ~easure~diffe~

ences in the activation energies for dIfferent ISOtOPIC
species. The dependence of R on the temperature
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Figure 9. /ipK as a function of acid strength. <> substi
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given by the experiments and by the various tran
sition state models is shown in Figures 10 and 11.

Electronic Contributions
to Secondary Isotope Effects

Secondary isotope effects, i.e., kinetic isotope
effects in reactions in which the bond to the
labeled atom is not broken, are widely used as a
tool for investigating organic reaction mechanisms.
Halevi has suggested that there is an inductive
contribution to such effects, and that electrons are
more readily released from a C-D bond than from
a C-H bond. This implies that there is a mass ef
fect on the electronic partition function (a shift in
electronic levels) of the reactant molecule, the
transition state, or both. Only the case of the hy
drogen atom can be treated exactly, and here
there is a difference of :::::;30 cm- l between levels of
Hand D. The Born-Oppenheimer approximation
indicates that for molecules containing C, N, or 0
atoms the effect should be smaller by an order of

magnitude. In addition to diatomic molecules, iso
topic molecules for which accurate data exist are
H 2 0 and D 20. The difference in the heats offor
mation obtained from thermochemical data agrees
very well with that calculated from the vibrational
spectra of HzO, DzO, Hz, and D z. This indicates
either that there is no electronic isotope effect, or
that it is identical for water and hydrogen mole
cules.

Similarly, the equilibrium constants for the ex
change reactions

HD+HzO = Hz+HDO

HT +HzO =H 2 +HTO

may be calculated from vibrational data for the
molecules involved. The excellent agreement with
experimental values of the equilibrium constants
again rules out a significant electronic effect.

It thus appears that any electronic isotope effect
would be much smaller than the usual vibrational
effect, and it would be very difficult to design an
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Figure 10. Comparison of theoretical and experimental
values of the rate constant ratio k(H2 +CI)/k(HD+CI).
Solid line, triangular H 2 Cl complex; dashed line, linear
complex with H-H repulsion. Circles represent experi
mental data.

Figure 11. Comparison of theoretical and experimental
values of the rate constant ratio k(H,+CI)/k(HD+CI).
Solid line, linear complex with H-H bonding; dashed
line, linear complex with interaction between stretching
modes. Circles represent experimental data.
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experiment capable of isolating such an electronic
effect.

The Ferrous-Ferric Exchange Reaction

The effect of thiocyanate ion on the kinetics of
the ferrous-ferric exchange reatcion has been in
vestigated. The results are shown in Figure 12 in
which kapparent' defined by

is plotted as a function of thiocyanate concentra
tion at constant ferrous and ferric concentrations.
The rate increases rapidly with increasing thio
cyanate concentration. At the higher thiocyanate
concentrations part of the exchange proceeds via
a path which is zero order in the total ferric con
centration.

These results agree with and extend earlier in
vestigations in this laboratory. It has not been pos
sible to confirm a report by Laurence that the rate
has a maximum at (SCN-)= 10-2 M (at O°C).

To obtain further information about the role of
the solvent in electron exchange reactions, the rate
of the ferrous-ferric exchange was measured in
isopropyl alcohol and found to be :::::; 10-8 times
slower than in water. The interpretation of the
kinetics is complicated by the fact that appreciable
amounts of dimers and probably higher polymers
exist in these solutions.
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Figure 12. Rate constant for ferrous-ferric exchange as a
function of thiocyanate concentration.
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Statistical Theory of Mass Spectra

The statistical theory of mass spectra is based
on the assumption that, in electron impact dissoci
ation reactions, excitation energy is equilibrated
among internal degrees offreedom of the molecule
ion prior to its dissociation. This model predicts a
very sensitive dependence of dissociation rate on
energy threshold for molecules with many internal
degrees of freedom. Recent studies on hydrocarbon
mass spectra have shown that for pentane, hexane,
heptane, and octane, ion fragments are produced
by the loss of methyl radicals and of hydrogen
atoms in surprisingly low yield relative to their
appearance potentials. The statistical theory pre
dicts low relative yields for low threshold processes
only when frequency factors in the respective dis
sociation rate equations are anomalously low.
Frequency factors must be related to structures of
reacting intermediates which, in the case of methyl
radical loss, are very similar to intermediates giv
ing more probable reactions with higher threshold
energies. It must be concluded that the simplified
model of statistical theory of mass spectra is inade-

0.693
t , / 2[(FeII)+(FeIII)] ,k app .

The Thallous-Thallic Exchange Reaction
and Thallic Chloride Complexes

From earlier measurements it has been found
that the species TICI++ and TICl2+are remarkably
inert with respect to electron exchange with thal
lous ion and that TICI.- exchanges readily with
TI+ and TICI2 -. The behavior of TICla is not well
established. The system has been reinvestigated in
greater detail, with results which should permit
more accurate estimates of the specific rates of the
various reaction paths.

In connection with this study, the stepwise equi
libria forming TICla and TICI.- have been investi
gated by solvent extraction techniques. Isopropyl
ether and solutions of tributyl phosphate (TBP)
in hexane were used as organic solvents for TICla•

The two extractants give consistent results for Ka

and K., 800 and 40, respectively (30°C, J.L=O).
Measurements at various TBP concentrations in
dicate that two TBP molecules are associated with
TICla in the organic phase.

•

•

•
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particular mass excess, rather than from a system
atic error in the mass measurement. Mass excesses
were determined under similar experimental con
ditions for H\ H", C'", C14, N14, 0 18, and A4().

Applications of the Hellmann-Feynman Theorem
to Some Problems in Molecular Theory

In recent years the Hellmann-Feynman (HF)
theorem has evoked considerable interest, since
this theorem, which is concerned with the gradient
of the molecular potential energy rather than with
the energy itself, makes much simplification pos
sible. This can be seen from the analytical state
ment of the theorem given in Equation (1).

W is the molecular potential energy, p is the three
dimensional electron density function, and 0V/oq
is the variation of the one-electron potential ener
gy with respect to a nuclear vibrational coordinate
q. It is seen from Equation (1) that the electronic
repulsion term, the bugbear of atomic and molec
ular quantum mechanics, is avoided.

Equation (1) has a form even simpler from a
conceptual point of view. This is given in Equa
tion (2),

Fn=-ZnL RZm3Rmn+Znf~rndT, (2)
m mn Tn

1

(1)oW f oV_ = p- (ri,q) dT.
oq oq

which states that the force on the nth nucleus in a
molecule is just the difference between the nuclear
repulsive force and the attractive force exerted by
the charge p, i.e., the classical electrostatic result
is valid in the Born-Oppenheimer case.

An attempt has been made to use the aforemen
tioned advantages most efficiently. For example,
Equation (2) has been used to show that the
familiar empirical force constant rule of Badger
[K=A/(R-d;j)'] can be given a theoretical deri
vation based on a multipole expansion. The em
pirical parameters A and d; j in this rule can thus
be given a physical interpretation.

Since the HF theorem is a necessary (but not
sufficient) condition that 1/; be truly an eigenfunc
tion, it can be used in conjunction with other the
orems to put certain molecular models on a more
rigorous foundation. In this connection the HF
and Virial theorems have been combined to yield

High Precision Mass Measurements

High precision mass measurements were made
with the mass synchrometer on the C14_N14 mass
difference and the mass excesses of some light nu
clides. Earlier studies on H3-He' had been used
with independefltly determined beta end-point
data to estimate a l-kev experimental value for the
upper limit of the neutrino rest mass. The meas
ured CI4_N" mass difference of 156.44-+-0.29 kev,
when compared with the CI4 beta end-point ener
gy of 156 -+-1 kev, supports the previously deter
mined upper limit for the neutrino rest mass.

The CI'_NI4 mass difference may alternatively
be used with the assumption of a zero rest mass
neutrino to shed light on discrepancies between
nuclear Qvalue determinations and mass spec
trometer measurements of the mass excesses of
stable light nuclides. A significant example is the
mass excess of C 12 , which has been determined
many times by mass spectroscopy to be very close
to 3816 p,MU, while nuclear data give values
ranging from 3800 to 3811 p,MU. The measure
ments of 18 parent molecule ion doublets give
3816.5 -+-0.85 p,MU for the CI2 mass excess and
simultaneously a value for the C14_N14 mass dif
ference which agrees well with nuclear data. Thus,
the results indicate that the C'2 discrepancy and a
similar one for 0'8 probably arise from an error in
one of the Q values used for computation of the

quate to explain the mass spectra of these hydro
carbons.

In the course of investigation of the hydrocar
bon mass spectra, appearance potentials for the
C n H 2n +1 ions from butane and pentane were found
to decrease with increased residence times of the
parent molecule ion in the source. The variation
was 0.5 ev for butane and 1.1 ev for pentane, and
took place over a relatively narrow range of ion
residence times. Little or no variation was ob
served for times shorter than a critical value. Resi
dence times were not directly measured, but de
termined in terms of ion velocity produced by sub
jecting the parent molecule ion to known electro
static potentials in the ion source. Here again it is
difficult to explain the observed result in terms of
the statistical theory of mass spectra. These ob
servations imply that appearance potentials for
this type of dissociation process, when taken with
the usual arrangement of ion source potentials,
can be considerably larger than minimum thresh
old energies.
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the following expression for the force constant in a
diatomic molecule:

( OZW) =K=(f~~VdT) (3)oRz 0- Ro oR 0'

where Ro is the equilibrium internuclear distance.
This expression shows that the "static charge
cloud" model of Platt, Longuet-Higgins and
Brown, and others is impossible, since if /I/;Iz is un
affected by small changes in R, then K is necessari
ly zero. The remarkable agreement between the
Platt model and experimental results for diatomic
hydrides can be explained, even though the model
is not valid according to Equation (3).

The HF theorem in the form of Equation (1)
has also been used together with symmetry argu
ments to study the vibrational structure produced
in an electronic transition, with particular empha
sis on the Jahn-Teller effect. Some rough calcula
tions have been made for the N03- ion.

A method has been developed for calculating
potential curves of excited electronic states, based
on a formula given by Clinton and Rice for the
force produced on a nucleus due to an electronic
excitation or ionization. For a diatomic molecule
AB, this formula is

where

and I/;i and I/;j are the orbitals involved in the
excitation. It is assumed that all other orbitals
are unaffected by the excitation. Hence if
(0 W/oR)(ground state) is taken from an empirical
curve a good estimate of (0 W/OR)(eXCi ted state) can
be obtained by evaluating the force integrals over
only the two orbitals, I/;i and I/;j, involved in the
excitation. The results of an application of Equa
tion (4) to OZe~g)~Oz+CIIg) and Oz+CIIg)~

Oz+("IIu ) are depicted in Figure 13. It is seen that
the agreement is reasonably good, considering the
simplicity of the calculations.

Details of the H3 Activated Complex

One of the major problems in the theory of reac
tion kinetics is the determination of the potential
energy of the reacting system as a function of the
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configuration of the atoms in the system. Rigorous
quantum mechanical calculations have been ap
plied only to very simple systems; instead, approxi
mate methods such as those developed by Eyring
and co-workers have been used with some success.
Recently, Sato has proposed a modification of the
semiempirical method (by which the potential
energy of three-atom systems can be calculated
from spectroscopic data for stable molecules).
This procedure' has been applied to the transition
state for the reaction between hydrogen atoms and
hydrogen molecules, which is involved in isotope
exchange reactions and ortho-para conversions.

The variable parameter in this method was
chosen to give agreement between calculated and
experimental values of the activation energy, and
the resulting potential energy surface was used to
obtain certain details of the H 3 complex, which are
listed in Table 7. These results differ qualitatively
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Figure 13. Force curves for O 2., C is the Morse curve for
the 'II g ground state. D is the sum of the calculated !:!F for
ionization and the Morse curve for oxygen (a portion of
which is shown dashed). B is the Morse curve for the zII u
excited state, and A is the sum of curve C and the calcu
lated !:!F for excitation.
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Table 7

Details of the H 3 Activated Complex

Method TH_H,A w * W 2 W 3 Xll*1

Sato 0.929 2108 877 1918i -32.3
Eyring 1.354,0.753 3626 665 630i
Quantum mechanical· 0.942 1945 952 1361i

*Frequencies and anharmonicity constants in em-I.

+54.4 +27.1

from those obtained with the Eyring method,
which predicts an asymmetric activated complex.
However, they are in fairly good agreement with
the results of a more rigorous quantum mechanical
calculation. Anharmonicity corrections not in
volving the reaction coordinate have also been
evaluated for this type of potential energy surface.
Their contribution to the vibrational energy is
quite small.

Calculated ratios of rate constants for isotopic
modifications of the H +H 2 reaction are in rather
good agreement with the experimental data at
lOOOoK. However, at lower temperatures the Sato
method leads to the expectation of very large contri
butions to the reaction rate from tunneling
through the potential barrier. This is not in agree
ment with experiment, and indicates a certain in
adequacy in the Sato method.

,
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The research activities of the Nuclear Engineer
ing Department have been chiefly concerned with
the development of new reactor systems or system
components to further the use of nuclear energy.
As in the past several years, well over half the total
effort of the Department was devoted to the
Liquid Metal Fuel Reactor (LMFR) project with
particular emphasis on the components required
for a Liquid Metal Fuel Reactor Experiment
(LMFRE) which was to be designed and built by
the Babcock & Wilcox Company. However, as a
result of a re-evaluation of the Atomic Energy
Commission's program for Civilian Power Reactor
Development, the Commission decided to reduce
the number of reactor concepts being considered
for construction. Authorization for the design and
construction of the LMFRE has been cancelled by
Congress, and during the coming year the LMFR
project will be terminated at Brookhaven. De
velopment ofcomponents for the U -Bi fuel system
is expected to continue as part of a long-range
nuclear technology development for a thermal
breeder reactor. It is planned to expand the De
partment's program in other areas involving liquid
metals and the development of high temperature
processes and materials. The Department also has
been given the responsibility for the development
and design of the new Brookhaven high flux beam
research reactor (B2R2) for which funds have been
appropriated and which should be ready for use
by 1963. Other activities include reactor physics
problems, radiation chemistry, radioisotope proc
essing development, radiation effects on graphite
and other reactor materials, fuel processing and
waste processing and disposal, heat transfer, and
development of radioanalytical chemical tech
niques. The service operations of the Department
involving gamma irradiations, special radioisotope
production, and hot laboratory operations (which
include waste handling and concentration as well
as radiochemical and metallographic analyses) are
adequately covered in other sections of this report.

Construction work was started on the new Nu
clear Engineering building. The section now
under construction will contain eight chemistry
laboratories, eight chemical engineering labora-
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tories, and the necessary shops, offices, etc. Funds
also were appropriated for the design and con
struction in fiscal 1960 of a radiation source engi
neering development laboratory.

REACTOR PHYSICS AND DESIGN

Reactor Physics Theory

The theoretical studies of the conversion of the
BNL reactor to enriched fuel were completed dur
ing the year. With the reactor approaching steady
state operation, some work on loading patterns
and on the perturbations caused by major experi
ments has continued. Calculations on the D 20
moderated, high flux research reactor have con
tinued. With the initiation of a large-scale project
for the design of the Brookhaven high flux beam
reactor, emphasis has shifted to direct support of
the engineering and experimental reactor physics
groups engaged in this work. Detailed studies of
reactor criticality, control, and kinetics continue to
provide a basis for the choice of design parameters
and the checking of critical experiments. A paper
on aspects of this work was presented at the June
1959 meeting of the American Nuclear Society.

The theories of neutron thermalization and of
the resonance capture of neutrons have been ex
tended. An asymptotic solution of the Boltzmann
equation for neutron thermalization has been ob
tained which holds for very general expressions of
neutron cross sections [Ann. Phys. N. r. 6, 368-98
(1959)]. The work on neutron thermalization is
being extended to space and time-dependent spec
tra and to spectra in moderated lattices of slightly
enriched fuel rods and fuel plates. Comparison
with Poole's experiments shows that binding ef
fects are important in the energy range where neu
tron thermalization occurs. The original theoreti
cal formulation of the resonance absorption of
neutrons by Wigner has been improved by more
exact analytical investigations and by the exten
sive use of Monte Carlo calculations to verifY the
validity of theoretical approximations. Among the
problems treated in published papers are inter
ference between resonances, interference between
potential and resonance scattering, and energy
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degradation effects in the fuel and moderator. The
theoretical techniques have been extended by ad
ditional work at ANL, ORNL, GA, and LASL.
The theory has been applied to the calculation of
resonance integrals for important nuclides such as
U238, Th232, and Bi 209. A detailed comparison with
experimental data on resonance absorption in
uranium-water lattices was presented at the June
meeting of the American Nuclear Society.

The potentialities of pulsed reactors for research
purposes are under study. The advantage oflarge
D 20 solution reactors for high intensity thermal
neutron pulses was pointed out in a letter to Nuclear
Sci. and Eng. Other types of pulsed reactors are
under investigation for possible use in medical ap
plications and experiments on radiation damage
effects.

Under active theoretical investigation is the
slowing down of nuetrons in reactors at energies
above 100 kev, where inelastic scattering, fast fis
sion, (n,2n) reactions, etc., introduce additional
theoretical complexities. A Monte Carlo program
for more accurate investigation of these reactions
is in preparation.

Studies of the kinetics of liquid metal fueled re
actor systems have continued in collaboration with
Rensselaer Polytechnic Institute. A study of the sta
bility of stationary fuel reactors cooled by a circu
lating moderator is the subject of a thesis project
by a resident graduate student from North Caro
lina State College.

With the curtailment of the program on fluid
fuel thorium- U 23

3 breeders, theoretical studies
have shifted to possible solid fuel thermal breeders.
Further work is in progress on the build-up of fis
sion products and of higher isotopes as a function
of fuel burn-up. The studies completed to date
indicate no significant change in the energy range
above 100 ev. The energy region below 100 ev is
still under active investigation.

LMFR Reactor Physics Experiments

A review of the graphite and graphite-bismuth
neutron slowing down and diffusion experiments
carried out during fiscal 1958 was published in
Proc. 2nd UN Intern. Con! on Peaceful Uses ofAtomic
Energy, Vol. 12, pp. 695-704, UN, Geneva, 1958.
The results presented in this report have been
amplified by subsequent experiments which con
firmed the anisotropy of thermal neutron diffusion
in graphite and gave as its observed value

L
11
"/L-L 2 =1.04-+-0.01.

The subscripts indicate diffusion parallel to and
perpendicular to the extrusion axis of the graphite.
The diffusion length of AA graphite was also
remeasured by more accurate methods and was
found to be

L=54.54-+-0.2 cm,

corrected for anisotropy.
The start-up experiments for the neutron source

reactor were completed, and this machine was
placed in normal operating condition at 1 kw
maximum power.

Several exponential experiments were per
formed on graphite-bismuth-uranium assemblies
representing various unreflected LMFR core de
signs. These measurements were all affected by
uncertainties introduced by the effects of back
scattering of fast neutrons from the floor and walls
of the source reactor room. The consequence of the
backscattering perturbation was a minimum error
of ;:::;5% in the bucklings deduced from the experi
ments. The large room-scattering corrections have
raised questions about the general validity of bare
exponential and critical experiments performed
elsewhere in the past. It therefore seemed worth
while to construct a shed structure with walls of
low mass in which critical experiments could be
done far from large reflecting media. Design of
such a shed has been started, and procurement of
components has been initiated.

The pulsed neutron source has now been largely
debugged. A 50-channel time analyzer has been
constructed for use with this machine. Time decay
measurements with GBF graphite have led to the
experimental results

au (including nitrogen) =3.41-+-0.3 mb,

Atr =2.44-+-0.04 cm,

D =(2.02-+-0.03)X 10' cm2/sec,

L =58.1-+-5 cm.

The errors listed here are statistical only and do
not include any systematic effects. A careful se
quence of experiments which should define the
systematic errors has been started.

At the request of the Babcock & Wilcox Com
pany, a sequence of experiments has been under
taken to establish the shielding properties ofvari
ous concretes for delayed neutrons. Such informa-

..
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tion will be useful in designing the external shield
ing of circulating fuel reactors. Measurements with
barytes and ilmenite concrete have been com
pleted, and experiments with ferrous phosphate
and ordinary concrete are under way.

The analogue computer purchased for use in
circulating fuel reactor transient studies has now
been delivered, and codes for solution of some sim
ple problems have been devised and tried. The
machine has not been in use long enough to pro
duce appreciable results.

Water Lattice Reactor Physics Experiments

A small digital computer has been installed in
the foil counting room for data reduction and
analysis. Codes have been written for all the com
mon data reduction operations; these are now in
routine use. The increase in speed of data proc
essing has contributed significantly to an increase
in rate ofexperimentation and accuracy of results.

Experiments on aluminum-clad rod lattices of
uranium metal are now finished, and final reports
are being prepared. These experiments consisted
of measurements made on :::::::;150 assemblies offuel
rods of varying enrichment and diameter, and
fuel-to-moderator ratio. In all, several thousand
lattice configurations were studied. The measure
ments made of criticality and neutron economy
have contributed materially to the understanding
of pressurized water reactor physics.

Preparations have begun for a smaller set of ex
periments on uranium metal slab lattices. The fuel
for this sequence is now on hand, the mechanical
components for the assembly have been fabricated
by the machine shops, and measurements are ex
pected to begin shortly. The simplified geometry
afforded by slab experiments should facilitate
comparison of experimental results and theoretical
predictions. Fine points now hidden by complica
tions ofgeometry will become susceptible to inves
tigation.

Preparations are also being made for a sequence
of exponential and critical experiments on ura
nium oxide fuel in light water. This set of studies
will begin somewhat after the series on plate lat
tices, and then will be performed in parallel with
the latter. The fuel used in connection with critical
experiments for the nuclear-powered merchant
ship (USS Savannah) is now en route to Brook
haven from the Babcock & Wilcox Company for
use in these experiments. The lattice plates and
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structure have been turned over to the shops for'
fabrication.

Brookhaven High Flux Beam Research Reactor

A critical assembly of the B2R2 has been de
signed and fabricated for use in establishing the
physics design of the Brookhaven high flux beam
research reactor. The arrangement of fuel, alumi
num structure, and heavy water can be varied to
cover the entire range of interest in the reactor de
sign. A hazards report on this experiment was sub
mitted to the Atomic Energy Commission for
approval, which was received on June 2. Assembly
began immediately, and the first few critical experi
ments have been performed. Strong emphasis is
being given to early completion of this sequence of
studies, in order that optimum design parameters
of the reactor can be established in time for incor
poration into the engineering design.

Evaluation and Advanced Design Studies

Evaluation was completed of a fuel element of
the fluidized solids type for a sodium graphite re
actor. The work is based on the use offuel in gran
ular solid form maintained as a fluidized or sus
pended bed by upward flowing fluid. The specific
system considered is U02 dispersed in sodium.
This is not a slurry system, since the suspension
remains within the element and does not circulate
or pass through valves or pumps. The sodium used
to fluidize the U02 is distinct from the coolant
sodium, which leads to a stable nuclear configura
tion. The study indicates a cost advantage of0.8
mills/kw-hr over a comparable element for the
Hallam Sodium Graphite Reactor. This saving
results primarily from the elimination offuel ele
ment refabrication costs.

Evaluation of organic systems was carried on
throughout the year. This work was initiated at
the request of the AEC to assist them in the selec
tion of specifications for intermediate and larger
sized organic reactors recommended for design
and possible construction. Initially, effort was con
centrated on the selection of a moderator for an
organic cooled reactor. The determining factor
was economics; complexity and state of the art
were secondary considerations. Moderators com
pared on this basis were organic, graphite, light
water, and heavy water.

The study indicated a negligible cost margin
between organics, D 20, and graphite. The light
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water system was seen to be more expensive early
in the study; hence no further work was done on it
here. Since the organic reactor is the simplest, the
all-organic system was recommended.

Further work by Atomics International has con
firmed these results. It is interesting to note that
the Canadians are now concentrating on the D 20
organic system, primarily because of their desire to
use natural uranium.

During the first three months of calendar 1959
the group lent technical assistance to the AEC
Evaluation and Planning Branch in the review of
studies requested by the Joint Congressional Com
mittee on Atomic Energy on pressurized water,
boiling water, and organic moderated reactors.
These were large reactors in the 300-Mw class,
and power costs were in the 8 to 9-mill range.
More recently a study was initiated and completed
on organic reactors for maritime use.

During this same period, two members of the
Department spent nine weeks in Washington with
the Fluid Fuel Reactors Evaluation Task Force.
The purpose of this evaluation is to aid in deter
mining the scope of fluid fuel reactor development
by the AEC.

In the fall of 1958 another staff member spent
six weeks as a member of the Technical Evalua
tion Study Team preparing an evaluation of the
economic feasibilities of sodium graphite reactors
with specific attention to the Hallam reactor.

METALLURGY

Graphite Studies

Within the past year efforts have been increased
to investigate the physical properties of graphite,
from both a fundamental and applied point of
view. The physical properties concerned are
growth, stored energy, thermal and electrical con
ductivity, oxidation, burning, and permeability.

Growth and stored energy are properties ofpri
mary interest in connection with the BNL air
cooled reactor. Since the enriched fuel elements
have been in the reactor, the graphite growth has
increased markedly. Samples used to monitor this
growth have shown that 50% of the total growth
has occurred within the last 18 months. The data
also indicated that increases in the annealing tem
perature caused recoveries which were more than
proportional to change in temperature. It was
therefore recommended that annealing tempera-

tures be 370°C and that long soaking periods be
instituted. In the last anneal a bi-directional air
flow was used. The recoveries were the best in two
years and even caused an increase in the gap
width, never before observed.

The oxidation of AGOT graphite as a function
of temperature, pressure, size, shape, and pretreat
ment has been studied in flowing oxygen systems.
The initial results show a marked pressure de
pendence in the 1 to 2-atmos range and a slight
surface dependence. Results on 24 samples oxi
dized to a weight loss of ;::::20% indicate that oxida
tion rates can be obtained to within -+- 5%, with
maximum deviations of ;::::20 to 30%.

The equipment to measure the "burning" tem
peratures ofgraphite as a function of air flow, pres
sure, temperature, moisture, and gas composition
is near completion, and calibration of the com
ponents has begun.

The thermal conductivities of AGOT and low
permeability graphites are being measured in the
temperature range from 25° to 800°C, before and
after neutron irradiation. Some annealing effects
have been observed. A remote thermal conduc
tivity apparatus is being constructed to measure
fission recoil effects in U-Bi impregnated graph
ites. Samples containing 600 to 3000 ppm U in Bi
are being irradiated in the Materials Testing Re
actor.

The enriched fuel elements for the air-cooled
reactor have broken apart in some cases. The
principal difficulty seems to be due to the fractur
ing of the end rings. In one instance, a fuel plate
fractured longitudinally. The causes of end-ring
failure and fuel-plate fracture are now being deter
mined in order to re-evaluate the present element
design.

Fundamentals of Corrosion

Studies of the surface reaction between steels
and Zr-Bi solutions are being continued in order
to clarify the corrosion inhibition phenomenon.
The following new observations have been made.

1. The susceptibility of a steel to isothermal at
tack by Bi containing Zr increases as its carbon
content decreases and as its P and Mn contents
Increase.

2. Zr in Bi interacts with solid carbides and
nitrides ofCr to produce ZrC or ZrN and free Cr
in the Bi.

3. Weld corrosion appears to be associated with
carbon segregation.
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4. Corrosion seems to be accompanied by Zr
interaction; tracer experiments show the pit walls
to be covered with an as yet unidentified Zr com
pound.

5. Heat treatment (of a steel) that decomposes
AIN (i.e., welding) can convert a ZrC-forming
steel to a ZrN-forming steel.

6. A ZrN-formiDg steel converts to a ZrC-form
ing steel when the nitrogen content (atom %) is
reduced (by reaction with Zr) to ;::: 1.5 times the
acid-soluble Al content (atom %).

7. The rate of formation of ZrN films is con
trolled by diffusion of N through the film, while
the rate of formation of ZrC films is controlled by
diffusion of C through the steel.

8. Film uniformity is difficult to achieve; at pres
ent, film irregularities cannot be definitely related
to any single aspect of contact conditions or steel
inhomogeneities, nor are they reproduced during
recontact after film removal.

The solubilities of the fission products Y and Pr
have been determined. Additions of 1 wt % Mg
have been found to increase the mutual solubilities
of U and Zr in Bi. The effects of the alkali metals
on U solubility in Bi have been investigated; all
except Li increase this solubility slightly. The
largest effect found was an ;:::50% increase in the
presence of 3000 to 6000 ppm K.

Oxidation rates of alloying constituents from
liquid Bi are being measured. Oxidation ofU from
Bi can be prevented by the addition of Mg in ex
cess of the concentration required to satisfy the
equilibrium

2Mg(Bil+ U02:;;:::=2MgO+U(Bil'

Kc= CC\ =2.7X 10-< ppm- 1 at 405°C.
)lg

I1Hmeasured=35+ 1 kcal.

Furthermore, U02can be reduced by Mg-Bi melts
to produce U-Bi melts and MgO to the extent per
mitted by this same equilibrium. Similarly, a U
Hg amalgam can be produced by reduction of
U02 by a Mg-Hg amalgam. Distillation of the
reaction products produces metallic U. Mg in Bi
was found to be a better deoxidant than U, Ca,
or Zr in equivalent molar concentrations.

Metallography

The metallography section includes facilities for
metallography, x-ray diffraction, electron micros
copy, and hot metallography or hot cell. The
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electron microscope and the hot cell were added
during the past year, and much effort has been
expended on their installation and operation.

After calibration, the electron microscope was
used for the following:

1. Electron micrographs were made of carbon
chromium replicas of the Bi-Croloy interface in
the corroded loop weld. The micrographs showed
that it is possible to study specific regions efficient
lyon this type of interface.

2. Selected area diffraction studies were made
on numerous elements, e.g., Fe, V, and Zr, to de
termine instrumental constants and to furnish file
standard patterns for reference and for comparison
wi th unknowns.

3. Many intermetallic compounds were studied
by electron diffraction to determine the ability of
the selected area diffraction method to discrimi
nate between numbers of binary systems.

4. A film-stripping technique involving the ad
hesion of ZrN on a dipstick to melted and cooled
polystyrene was successfuL This method can also
be used to strip corrosion products from the walls
of corrosion pits and would be useful for their
identification.

An investigation has been made of the twinning
of single crystals of sapphire. It has long been
known that natural sapphire often occurs twinned

Figure I. A lamellar twin in single crystal
synthetic sapphire (aluminum oxide).
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on the basal plane and thal il is pos ible co induce
lwinning on the basal plane in yntheli sapphire
by mechanical deformation. It w found that very
thin twin ar produced on the 1012 plan. in yn
thetic crystals during growth. This has been es
tablished by the use of Laue patterns. The results
will be submitted for publication.

Another research program is the study of metal
whiskers. To date, much of the work has consisted
of a series of screening tests, which indicate that
the most promising avenue of approach would be
the investigation of the various mechanisms of
growth, new methods of growth, and uses of whisk
ers in supporting other research.

A high level hot cell for metallurgical studies
has been constructed with inside dimensions of 24
ft length, 7 ft width, and 12 ft height. The shield
ing wall of this cell is of 3-ft-thick ilmenite con
crete with a density of 230 Ib/ft3

• At the end of
fiscal 1959, general construction of the cell was
complete, and installation of metallurgical equip
ment was about half complete. The cell will be
equipped with 3 pairs of Model 8 manipulators, a
I-ton bridge crane, a Lee Associates mechanical
arm, and a light-duty General Mills mechanical
arm in the ready room.

The cell proper will be divided into three sec
tions separated by steel partitions. The first section
will be the cutting and disassembling area; it will
be equipped with a reciprocating hacksaw, a dia
mond cut-off wheel, a Kollmorgen periscope, and
a specimen-mounting press. The second section will
be used for the preparation ofmetallographic speci
mens. A Tukon hardness tester will be located in
this section. The third section, the mechanical test
ing area, will contain a 10,000-lb Instron tensile
tester, a 16-ft-Ib Bell Telephone impact tester, and
a Bausch & Lomb stereomicroscope. A Reichert
microscope is housed in a lead brick cell connected
to the cell proper by a conveyor belt.

It is hoped that the cell will be in full operation
late in 1959.

Radiation Effects

Graphite and steel samples have been exposed
to fission product recoil irradiation damage from
a U-Bi solution. The samples have been in a
pseudo static system, since each sample is con
tained in a U-Bi filled graphite capsule. The cap
sule is sufficiently thermally insulated to permit its
being heated by the fission energy of the U. Ex-

amination of graphite samples indicates that there
is no spalling or physical degradation with an ex
posure of 2 X 1021 nvt and temperatures near
600°C.

Metal samples have also been irradiated; the
materials include 0.5% Mo steel, Ti-containing
low carbon steel, 1W70 Cr steel, and 21;'4% Cr steel.
Zr carbide layers were put on some of these sam
ples prior to irradiation. This program has been
scheduled to irradiate six samples at a time.
Methods have been devised to reduce the assembly
time from one week per capsule to one day.

Metallurgy Assistance

Some of the Metallurgy Division effort is de
voted to other Laboratory projects. Several staff
members are advising the Design Group on fuel
element design and material compatibility for
both fuel and shielding materials for the Brook
haven beam research reactor. Other work includes
failure analysis and recommendations in design
and operational procedures for the reactor, the 4
in. Utility Test Loop, the waste disposal plant, and
the Cosmotron.

LMFR PROJECT METALLURGY

LMFR Materials Development

The thermal convection loop program has
yielded new information on the corrosion and
mass transfer behavior of steels in contact with
U-Bi containing Zr and Mg inhibitors. A sum
mary of these results is given below.

1. Increasing Mg concentrations from 350 to
3000 ppm appears to increase the corrosion and
mass transfer.

2. Increasing the temperature differential to
>125 °C rapidly increases corrosion and mass
transfer.

3. Lower chrome steels (1/2 Cr and 11;'4 Cr) seem
to be more resistant to U-Bi attack than 2 1;'4 Cr
steel.

4. A carbon steel containing 0.3% Ti and low
Mn has been found to be very resistant to U-Bi
attack. (This loop was shut down after operating
for more than 18,000 hr at a 135 °C temperature
differential. No pipe corrosion and only very slight
weld corrosion were detected by radiography.)

5. Weld material of the 21;'4 Cr alloy appears to
be more resistant than the 11;'4 Cr alloy.

&



6. Beryllium has been found to be very resistant
to U-Bi attack.

7. Large increases in Zr concentration have
been observed to occur when corrosion and mass
transfer rates are high.

8. Inhibition cannot be attained when the Zr
concentration is 80 ppm or less.

9. Composite tubing (both co-drawn and co
extruded) consisting of carbon steel liners in 114
Cr - 1/2 Mo steel shells has been obtained and fab
ricated into loops; these loops are now in opera
tion.

Four forced circulation loops [two with electro
magnetic (EM) pumps and two with centrifugal
pumps] are now in operation. An 8000-hr run on
one of the EM pumped loops fabricated of 114
Cr - 1f2 Mo steel showed severe attack of welds in
the hot leg. The pipe material showed very little
corrosion. This loop has been reassembled and has
now operated for 2500 hr with a hot leg test sec
tion fabricated of 114 Cr - 1/2 Mo steel and weld
material of carbon steel and 214 Cr - 1 Mo steel.
A second EM pumped loop has now been in oper
ation for more than 11,000 hr. This loop has
shown that 4 to 6 Cr - 1/2 Mo and 410 SS welds
are susceptible to U-Bi attack. Dissimilar welds

Figure 2. Iron deposited in thermal convection loop.
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between 410 SS and 2 14 Cr - 1 Mo also are at
tacked. It has also shown the 214 Cr - 1 Mo and
410 SS pipe material to be subject to attack. Car
bon steel and the 114 Cr - 1/2 Mo pipe appeared to
be most resistant. One of the centrifugally pumped
loops has a hot leg test section fabricated of several
types of mild steel. This loop has now operated for
2600 hr at a 522° to 426°C temperature differen
tial without radiographic indication of corrosion
or mass transfer. The first run in the fourth
pumped loop has just started. This loop has a hot
leg test section fabricated of 2 14 Cr - 1 Mo, 114
Cr - 1f2 Mo pipe material with various heat treat
ments and 214 Cr - 1 Mo and carbon steel weld
ments. It will be run at a temperature differential
of 550° to 400°C.

LMFR Fuel and Blanket Development

Study of the possible use of a slurry of solid
ThBiz particles in liquid Bi as a fluid breeder-
blanket mat rial h ontinued with primary em-
phasi n problems a iat d with irculatin th
lurry thr ugh a temp ralur differential. lurry

ntaining 3.3~ Th (% h i th irculating
stream), 0.4% Te, and 280 ppm Zr in Bi was cir
culated in a 2 14 Cr - 1 Mo steel loop through a
bulk temperature differential of21 °C (maximum
inner skin differential from 456° to 425°C) at 1.5
ft/sec for 1500 hI' with no deposition in the vertical
finned cooler section. When the Th content of this
slurry was increased to 4.8% Th (7% Th is the cir
culating stream), the viscosity of the slurry in
creased markedly, and a viscous deposit of concen
trated slurry was formed in the vertical finned
cooler section during 1000 hI' of circulation under
the conditions described above. There was no ap
preciable increase in the ThBiz particle size
(ca 10 p,) in the deposit, which indicated that it was
not formed by precipitation of ThBiz from solution
on the pipe walls. A postulated mechanism for the
formation of the deposit is that cooling results in
an increase in the viscosity of localized volumes of
high solid concentration generated by centrifugal
action in the pump, which causes these volumes to
adhere to the walls of the cooler during tempera
ture differential circulation.

Capsule experiments have indicated that the
presence of Te in ThBiz-Bi dispersions inhibits
ThBi 2 particle growth and thus increases the dis
persion viscosity by permitting particles smaller
than lOp, to persist almost indefinitely at tem-
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peratures near 500°C. These small particles are
eliminated from dispersions containing no Te by
particle growth in a few hours at 500°C. They can
be eliminated from dispersions containing Te by
heating at 800°C. At this temperature, satisfactory
fluidity can be obtained in dispersions containing
up to 10 wt % Th. The required time of heating
increases with the Te content of the dispersion.

Aeroprojects, Inc., has investigated the power
requirements for forming dispersions of equiaxed
ThBi 2 particles smaller than 100 !L by application
of ultrasonic energy to a 5 wt % Th-Bi alloy during
cooling from temperatures above the liquidus
(950°C). When the ultrasonic energy is applied at
temperatures above 950°C, the power require
ment is 25 kw-hr per ton of slurry for 40 kw in
stalled power for treatment of the slurry on a
breeder-blanket processing scale. Preliminary in
vestigations of brief ultrasonic treatment over a
narrower temperature range followed by mild agi
tation during subsequent cooling indicated that
the power requirements might be reduced to 5 to
10 kw-hr and 8 to 17 kw-hr installed. Examination
of various construction materials for the ultrasonic
treatment apparatus showed Mo to be essentially
resistant to corrosion and erosion under the treat
ment conditions.

Study of the preparation of dispersions of Th02

in liquid Bi has been continued. Emphasis has
been placed on determining the mechanism by
which additives such as Mg and Zr dissolved in
Bi promote the wetting and dispersion of Th02

powder. Capsule experiments have indicated that
minimum amounts of Mg or Zr are required to
wet and disperse fused Th02 powder. These
amounts are not related directly to the concentra
tion or the surface area of the Th02 and do not
remain in solution in the Bi. Additional experi
ments indicate that these minimum amounts of
Mg or Zr in Bi serve as "getters" for an unknown
impurity inhibiting wetting of fused Th02 powder.
Mg and Zr in excess of the minimum requirements
tend to become associated with the Th02 , pre
sumably by adsorption at the liquid-solid surface,
and further improve the wetting of the Th02 by
the liquid Bi. Other additive elements dissolved in
Bi which have produced an appreciable improve
ment in the wetting of fused Th02 powder are Th,
U, Ti, AI, Sr, Mn, Cr, Li, and Sn. Elements pro
ducing a slight improvement are Si, Na, Zn, and
Ni, and those producing no detectable improve
ment are Ce, Te, and Fe. Of the elements insolu-

ble in liquid Bi, Ta in contact with liquid Bi im
proved the wetting of fused ThOz powder marked
ly, while C in the form of graphite and Mo pro
duced no detectable improvement. Experiments
are in progress to identify the impurity in Bi and
determine the effectiveness of other elements as
wetting agents.

LMFR In-Pile Radiation Effects Loop

The Radiation Effects Loop 1 is a cooperative
project between the Babcock & Wilcox Company
and BNL for study of the corrosion behavior ofBi
containing materials in a radiation field. These
materials have been screened in out-of-pile loop
tests and have proved to be the most suitable for
use in a liquid Bi system.

The loop has been designed to permit the in
sertion of other test sections and therefore is not
limited to the materials now under investigation.
Consequently this facility is a means of dynamical
ly testing the materials under different flow rates,
temperatures, and tiT's.

The construction of the loop was completed last
December. Prior to completion, testing was con
ducted f, r a I ng peri d ra graphite reel bellows
les alve a diffi rentiaL magn tic p rmcabiLiry
depo ition au e and a Ran e de ign 0 P rmit
the di sembly and insertion f t t se lion. in e
D cember th remote sampler has been completed
and has operated satisfactorily in taking radio
active liquid samples from the loop.

Prior to start-up of the out-of-pile run, the loop
and its auxiliary case and vacuum lines were
checked for vacuum tightness. An arbitrary stand
ard was set, i.e., no leak detectable with a Model
110 Consolidated leak detector. Auxiliary tanks
for flushing the system with Bi were also installed.
The pump was modified by installing a Vari Drive
equipment to permit low flow of Bi during start
up.

Bi was first pumped through the loop April 15.
The isothermal run was made with 200 ppm Zr
and 350 ppm Mg. During this run, the sampler
level control and the cooler did not give the de
sired control and were corrected. Subsequently
th operation has been atisfaclory with 1200 ppm

and the required ti70[75° .
Pr parations, including completion of with

drawal quipment nd procedures as .. ell as
placement of th radiation shi Iding are under
way for the in-pile operation of th Loop.

..

~.
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Figure 3. Acrylamide crystal irradiated with 250,000 rad in a Co'· source and stored for 2 mo
at room temperature. Magnification 72X. Left, bright field illumination; right, crossed polar
izers. Areas that are bright at left and dark at right show regions where polymerization is com
plete. Regions that are bright in both photomicrographs show unreacted monomer.

CHEMISTRY AND CHEMICAL ENGINEERING

Radiation Chemistry Research

Graft Copo'ymerization. Graft copolymers of
dacron-styrene and nylon-styrene were made by
various techniques of preirradiation of the polymer
component followed by addition of monomer and
by simultaneous irradiation of both components.
Photomicrographs of the copolymers indicated
that much of the grafting occurred near the sur
face of the polymer films. Attempts at hydrolysis of
the dacron and nylon components were successful
for nylon but not for dacron, the grafted-on
styrene apparently interfering with the hydrolysis.
The length of the grafted polymer chains will be
obtained from osmotic pressure and viscosity
measurements.

Magnetic resonance data on irradiated poly
ethylene are being obtained under conditions simi
lar to those used in previous graft copolymeriza
tion studies with polyethylene-styrene in an at
tempt to correlate the existing kinetic data with
free radical concentrations.

So'id State Po'ymerization. Extensive kinetic,
crystallographic, and magnetic resonance studies
have been made on acrylamide polymerization in
the solid state. It is possible to explain most of the
observed phenomena by a model which includes

nucleation of polymerization at defects or strains
and propagation by isolated free radicals at a poly
mer-crystalline monomer boundary.

Radiation Cata'ysis. Radiation studies are in
progress on magnesium oxide in an attempt to
correlate changes in catalytic activity for ortho
para hydrogen conversion with physical changes.
Irradiation in vacuum or hydrogen enhances the
catalytic activity thirty times. Paramagnetic centers
with a G value of 2.000 are produced when mag
nesium oxide is irradiated in hydrogen, but there
is no obvious relationship between this effect and
the ortho-para hydrogen conversion efficiency.
In the radiation range studied there is no effect
on surface area or hydrogen absorption.

Special Radioisotopes Development

Yttrium-90. A rapid method for assaying 8r90

contamination in the Y90 product milked from the
Brookhaven Y90 "cow" consists of passing a 5%
aliquot of the product solution through a Dowex-l
anion exchange column to retain the yttrium cit
rate, allowing the 8r90 to pass through and count
ing the latter with and without aluminum ab
sorber. The decontamination factor for Y90 in this
method was found to be a function of both the per
cent cross-linkage of the resin and the amount of
yttrium carrier added to the product solution. The
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Figure 4. Crystal shown in Figure 3, 3 mo after irradiation. Magnification 108 X.
Left, bright field illumination; right, crossed polarizers.

Figure 5. Acrylamide crystal irradiated with 750,000 rad in a Co"" source and stored at room
temperature. Magnification 540X, dark field illumination. Left, 1 hr after irradiation; right, 63
hr and 33 min after irradiation.
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optimum cross-linkage appears to be 8 to 10%.
Preliminary data indicate that a small amount of
yttrium carrier gives a higher decontamination
factor than either a large amount or none. This
work is still in progress. The yttrium "cow" used
for the original long-term test was finally discarded
when the Sr90 contamination in the product rose
to 2 X 10-6 %. Another Y90 "cow" gave a satisfac
torily low Sr90 contamination in the product after
having stood idle for more than a year.

lodine- J32. The new process for the production
ofTe'32 involving the sorption ofTe'32 on alumina
to separate this isotope from uranium and mixed
fission products worked well for several months
and then unexpectedly began to give low Te'32
yields. After much effort to ascertain the cause of
this difficulty, it was concluded that the chemical
process was not at fault but that for some reason
the samples were not being exposed to a high
enough neutron flux in the reactor. Varying the
irradiation conditions seemed to confirm this, and
for a while good yields were obtained. However,
poor yields are still obtained occasionally, and the
reasons are still being investigated.

Samarium- J5 J. A process has been developed
for producing pure Sm'5' from uranium and a
solution of mixed fission products by adsorption on
Dowex-50 resin and elution with a-hydroxy
isobutyric acid. This process is now being scaled up.

Arsenic-72. After attempting to separate the
important 26-hr positron emitter As72 from its 9
day se2 parent by various methods, a chroma
tographic separation using Dowex-1 anion ex
change resin was found to give a high arsenic
yield and a radiopurity of at least 98.5%. How
ever, at present the method is undesirably compli
cated for general laboratory use by relatively un
skilled technicians.

Molybdenum-99. The method developed for
the separation of carrier-free M 0 99 from uranium
and a solution of fission products was checked out
on a large scale. Although the yields are not unsatis
factory, they are not as high as theoretical yields.
This work is being continued.

Technetium-99m. It has been found that the
vessel already in use at Brookhaven as an 1'32

"cow" can also be used for milking 6-hr Tc99m

from its 67-hr M 0 99 parent when the "cow" is
loaded with 5 g alumina on which the M09

9 is ab
sorbed. Although larger than necessary, this vessel
works well, and the use of a single size and type of
generator and packing case for both 1'32 and Tc99m
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simplifies handling problems. From radiation
measurements it appears that at least 100 mC of
M 0 99_Tc99m could be shipped virtually unshielded
in the standard package now used for 10 mC 1132

•

Daily milkings ofa test generator gave Tc99m yields
ranging from 62% to 80%. Long-lived contamina
tion is <0.02%, a very satisfactory purity.

Calcium-47. Because of the great demand for
a short half-life isotope ofcalcium, several produc
tion schemes were investigated. They are of two
general classes: (1) those using the Ti 5°(n,a)Ca47

reaction on enriched Ti50 in the reactor, and (2)
those using the Szilard-Chalmers reaction on Ca46.

For methods in the first category, not only would
a high yield of Ca47 be required, but the recovery
of the enriched Ti50 would have to be quantitative
because of its scarcity and high cost. The following
methods have been investigated: (1) irradiation of
Ti14 , followed by distillation to leave calcium and
scandium, which are separated by ion exchange;
(2) irradiation of TiF., followed by distillation to
leave calcium; (3) irradiation of Ti02 , followed by
dissolution in a fused salt with subsequent ion ex
change separation; (4) irradiation of Ti02 , fol
lowed by dissolution in molten KHS04 and pre
cipitation of calcium oxalate; (5) irradiation of
elemental Ti followed by formation, distillation,
and hot-wire decomposition of TiL4 ; (6) acid
leaching of irradiated Ti02 ; and (7) chlorination
of irradiated Ti02 • All these methods present diffi
culties of various kinds, and no fully satisfactory
procedure has yet been developed.

In the second category, the Szilard-Chalmers
reaction is necessary to increase the specific activi
ty ofCa47 whether natural Ca or enriched Ca46 is
used as a target. In the latter case it has the ad
ditional advantage of reducing the cost of the en
riched Ca46 by making it recoverable for re-use.

An attempt is being made to devise a suitable
Szilard-Chalmers reaction. One approach involves
the irradiation of calcium phthalocyanine, which
has been found to dissolve in oleum, apparently
without decomposition. Of several nonpolar liq
uids used in an attempt to reprecipitate the cal
cium phthalocyanine and leave Ca47 dissolved in
the oleum, ether appears to be a possibility, and
this work is continuing. Although calcium phthalo
cyanine is unusually stable to heat, its tendency to
hydrolyze constitutes a problem.

Copper-67. Investigation of the production of
pure CU67 (61-hr half-life) was begun in the search
for a longer-lived copper isotope for medical re-
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search than the currently available 12.8-hr CuG4
•

The following three reactions were investigated:
Zn67 (n,p)CuG7

, NiG4 (a,p)Cu 6
\ and Zn 67 (d,2P)Cu G7

•

The second reaction is now under study, and its
use with an electrolytic method of separating the
CU67 product from the target nickel should make
possible the preparation ofmC quantities ofCu67

from:::::: $1500 worth of enriched and re-usable
Ni64

•

fast Neutron Source. Some work was done on
the preparation and irradiation (with thermal
neutrons) of enriched lithium deuteride, Li6H\ in
an attempt to produce 14-Mev neutrons in a flux
sufficiently high to be of use in the study of several
(n,p) reactions of interest, the 14- Mev neutrons
coming from the H 2(t,n)He 4 reaction and the tri
ton in turn coming from the Li6(n,p)He 4 reaction.
Small pellets of Li6H2 containing flux monitoring
foils were made by pressing the powdered deuter
ide around the foil. Aluminum, vanadium, and
zinc were used individually as fast flux monitors,
and blanks consisting of bare foils wrapped in cad
mium were used to correct for the contribution of
the fission neutrons. Measurements made thus far
indicate that the fast flux obtained inside a pellet
reached ::::::0.7% of the theoretical maximum flux.
This work had been preceded by preliminary ex
periments with natural lithium hydride, and it is
thought that this low flux may be the result of in
complete conversion of the Li 6 to the deuteride.
This work is continuing.

Process Chemistry

fluoride Volatility Process. A new chemical
system containing N02, BrF3, and HF has been
investigated in the search for a low temperature
dissolution mixture suitable for a general fluoride
volatility process. Dissolution rates of the order of
100 mg/cm2-min on U-Zircaloy fuel elements are
obtained at 100°C with a mixture of ::::::10 M%
N02 and 90 M % HF. The addition of several per
cent BrF 3 to the binary mixture does not change
the reaction rate significantly. The BrF3 is present
to fluorinate the U to UF6' As dissolution of the
fuel element takes place, the Zr precipitates from
the solution, presumably as the complex salt
Zr(N02)2F6' It has been demonstrated that it is
possible to recover the U as UF 6 by distillation
with successive additions of BrF 3 to the salt.

In an attempt to learn more about the threshold
conditions necessary for explosive reactions be
tween natural U and interhalogen-UFG mixtures,

many gram-scale experiments have been made
with U cubes, chips, and foil in various fluoride
mixtures in both the vapor and liquid phases.
Numerous detonations were obtained when the U
was in the liquid phase at room temperature or
slightly above, but none was obtained in the vapor
phase. The detonations were 0 btained in pure
BrF:l with U in the form offoil or chips; no detona
tions were obtained with U cubes, or when UF6 in
amounts as small as 0.8 M % was present in the
original solution. It has not been possible to repro
duce the detonation with chips, even under seem
ingly identical conditions, although ignition has
always resulted.

Very finely divided oxide-free U chips and turn
ings will ignite in BrF J solutions containing 2.0 M
% UFG at room temperature. A detonation oc
curred when clean chips were placed in a BrF:l

solution containing 3% Bre at room temperature,
but three attempts to repeat the results were un
successful. It is not possible to produce ignition or
detonation of small cubes of U immersed in any
BrF3 solutions at temperatures up to 150°C. Only
steady rapid dissolution occurs under these con
ditions. A very satisfactory medium for dissolving
Zircaloy fuel elements is anhydrous HF containing
::::::10 M % N0 2 • Dissolution rates of at least 100
mg/cm2-min at 100°C are readily obtained - the
higher the NO z content, the higher the rate. Com
plete recovery ofU as UF6 by addition of BrF3 ap
pears possible.

fuel Element Reprocessing in Gas fluidized Beds.
A pilot-scale fluidized bed hydrochlorinator for
the reprocessing of zirconium-uranium type fuels
was constructed and was put into operation in
May. The plant has made it possible to demon
strate the feasibility of the fluidized bed process for
controlling highly exothermic gas-solid reactions
using full-scale multiplate fuel subassemblies.

Aqueous Chemical Reprocessing Studies. Stud
ies continued throughout the year on the problems
associated with reprocessing the core fuel from the
Enrico Fermi Fast Breeder Reactor.

Studies on 309 SCb weldments have shown that
the mixed acid system 3 M HN03 , 0.075 M HF is
very corrosive to 309 SCb weld metal regardless of
welding technique. When boiling 0.075 M HF
solution is exposed to the metal weldments there is
less attack on the weld metal than on the parent
metal. Based on these studies, it will be necessary
to remove the 5-mil zirconium cladding from the
Fermi fuel pins prior to core dissolution.

..
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Exploratory flowsheet studies have defined the
necessary flow ratios and extractant composition
for uranium and plutonium recovery. Flowsheets
have been determined with both 10 and 7.5 vol %
tributyl phosphate in Ultrasene, the flow ratios
being 1/4/0.5 for 1AF/lAX/1AS (feed, extract
ant, and scrub stream, respectively).

Fission Product Removal. Studies have been
made of the removal of various fission product iso
topes, especially CS'37 and Sr90

, from waste streams
from reactor fuel element reprocessing plants. By
the formation of various ion association complexes,
it was found possible to extract cesium and stron
tium from aqueous solutions into organic solvents
of relatively high dielectric constants. An extrac
tion coefficient of >400 has been obtained for the
extraction of cesium from aqueous sodium iodide
solution into a solution of iodine in nitrobenzene.
By using a similar system for the removal of cesi
um from synthetic Purex type waste, a value of 11
for the extraction coefficient has been obtained. An
extraction coefficient of >30 has been obtained
for strontium extraction from aqueous sodium
iodide solution into solutions of iodine in furfural
and o-nitroanisole.

A procedure for the separation of rare earth
elements from Purex type waste has been devel
oped. The main steps involved are the precipita
tion of rare earth metal plus alkali metal double
sulfates, metathesis to hydroxides, permanganate
oxidation of cesium, and precipitation of rare
earth metal oxalates.

Recovery of Fission Product Xenon and Krypton.
Continuous absorption systems for the removal
and recovery of the fission product noble gases,
xenon and krypton, from the off-gas streams from
nuclear processing plants have been investigated.
The work included the measurement of solubilities
and rates ofabsorption in various promising liquid
solvents. Three specific solvent systems were
chosen for detailed process designs. These included
the use of kerosene at ambient temperatures and
of liquid nitrous oxide and liquid dichlorodifluoro
methane (Freon) at lower temperatures, near
_70°C. It has been found that a three-column
unit consisting of an absorber operating under
higher pressure, a partial stripper or fractionator,
and a final noble gas stripper at lower pressures
allows recovery and concentration of xenon and
krypton in high yields.

A study was made of the decomposition of
nitrous oxide over noble metal catalysts. It was
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found that a 0.5% rhodium supported catalyst can
effectively remove N 20 from gas streams at a tem
perature >343°C at concentrations up to 20%
and space velocities up to 2000 SCF/hr-ft3. This
method has been applied to plant designs for the
processing of nuclear off-gas streams.

Neutralized Waste Treatment. Studies have
been initiated on the treatment of neutralized
stored waste for the recovery and re-use of the
sodium hydroxide. It has been found possible to
causticize sodium nitrate with iron oxide at tem
peratures of ;:::::700°C with a yield >85%. The
sodium hydroxide produced can be used for treat
ment offresh acid waste.

The use of oxalic acid in recycling sodium-con
taining waste is also under study.

Ultimate Waste Disposal

Clay Adsorption. For use in adsorption col
umns as a solid medium for removing fission prod
ucts from waste solutions, montmorillonite clay
must first be finely divided, mixed with water, and
extruded in the form of small rods. The natural
zeolite mineral, clinoptilolite, which occurs in
rocklike form, has been found to have a capacity
for cation exchange equal to that of montmorillo
nite and to be comparable with respect to ex
change kinetics and fixation properties. Since the
clinoptilolite need only be crushed to give the
desired particle size for column work, emphasis
has been shifted to its use.

Various methods have been studied for prevent
ing the iron in Purex wastes from interfering with
the adsorption of the fission products on mineral
ion exchange materials. The methods showing the
most promise are precipitation of the iron as the
sulfide or complexing it with citrate or acetate.

Calcination. A series of studies on the calcina
tion of simulated aluminum nitrate wastes was
made with the 6-in. rotary kiln. The major empha
sis was on the problem ofcontrolling dust in the off
gas system. It was demonstrated that the mixture
of off-gases was almost totally condensable and that
direct condensation was an effective means of re
ducing the entrained dust to extremely low levels.

Construction of an 8-in. rotary calciner for proc
essing wastes of the zirconium fluoride type is
nearing completion.

Radiation Source Development

Extensive experimental work and theoretical
studies have been undertaken using large-scale,
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low level sources in slab arrangements. The iso
topes used were COBO, Naz", and C S137. Design
parameters involving the geometry of both target
and source were investigated. Target parameters
include dimensions, density, and composition.
Source parameters include dimensions, composi
tion (photon energy, source density, and atomic
number), total activity (curies), average specific
activity, activity distributions, and source-to-target
geometry. The results of this work will be pub
lished.

Heat Transfer

Heat transfer coefficients, under improved test
conditions, have been measured for parallel flow
of Hg through staggered tube banks. The results
are in reasonably good agreement with the equa
tion

Nu=8.8+ 2.67(P/D) +0.0237(P/ D)Oe73(l/JPe)OR

which has been developed on the basis of theoreti
cal considerations. The experimental data suggest
a value for l/J of :::::0.8 for the test conditions.

LMFR PROJECT CHEMISTRY
AND CHEMICAL ENGINEERING

LMFR Reactor Chemistry

In the field of LMFR chemistry, additional emf
measurements on the electrochemical cell

U(s)ILiCl-KCI+5% UC1,IU-Bi(l)

at U concentrations up to ::::: 1% confirm the pre
viously reported activity coefficient of 10-" for U in
Bi at 500 ° C. Similar electrochemical measure
ments have been made on the binary CeCI3 -KCI,
in which activity coefficients as low as 10-' have
been found for CeCl 3 at 850°C in very dilute solu
tions. Such low coefficients facilitate the transfer of
Ce from Bi to a fused chloride melt.

Measurements have also been made on the cell

Mg(s or l)IMgClz-NaCl-KCI eutIMg-Sn(l)

to shed further light on the thermodynamics of
liquid metal systems in general.

Free energies and entropies of mixing have been
obtained over the entire concentration range for
the Mg-Sn system at 700°C.

The activity coefficient of Th in Bi has been
found to be 10-9 at 500°C, at infinite dilution. This
is much smaller than the corresponding value
for U.

In a series of gram-scale equilibrations done
with Bi and ternary eutectic salt by the most re
fined techniques, variation in Mg concentration
in the Bi above :::::80 ppm was found to have no
effect on the U distribution coefficient. These re
sults are not in agreement with those obtained in
bench-scale contactors, in which it was demon
strated that salt-Bi equilibria, as far as U concen
trations are concerned, are both reversible and
reproducible and are consistent with thermody
namic predictions.

On the basis of three bench-scale experiments,
the oxidation of U from LMFR fuel into the ter
nary fused salt mixtures is found to be a reversible
chemical process. In each experiment the U was
extracted stepwise from the fuel by successive ad
ditions ofBiCl 3 to the system. The original U con
centration in the fuel was then restored by succes
sive additions of Mg. Similar results have been ob
tained for Zr, except in cases in which the salt
was not pretreated.

In another bench-scale experiment, :::::60 min
were required for a NaCI-KCI-MgCI 2 1 Mg-Zr-U
Bi system to reach equilibrium after enough BiCI,
had been added to reduce the Mg concentration
in the Bi from 90 to 40 ppm. The temperature was
525°C.

It has been found that Po is not extracted from
Bi to any appreciable extent by either NaCl-KCI
MgC12 fused salt or molten zinc.

Several gram-scale experiments conducted un
der a variety of conditions have shown that the
adsorption of Sm on graphite from LMFR fuels is
very low, no greater than 11/2%. The conditions of
graphite:fuel ratio, temperature, pressure, and Sm
concentrations were all typical of those to be ex
pected in a full-scale reactor.

Zr and Ru, in the presence of each other, have
greatly reduced solubilities in Bi. This has now
been found to be true for the Ti-Ru-Bi system,
which was investigated because Ti also is a possi
ble corrosion inhibitor.

Removal of Volatile Fission Products
From LMFR Fuels

Experimental studies related to the removal of
volatile fission products from LMFR fuels are con
tinuing at the same level. During the fiscal year
additional data were obtained to give the rates at
which both fission product 12 and Xe penetrate
graphite from the fuel mixture. Not enough infor
mation is yet available to allow calculation of ef-
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fective diffusivities; about all that can be said now
is that the penetration rate of Xe is much greater
than that of 12 , It was also found that Graphite
Specialties R4 graphite was considerably more
pervious to both 12 and Xe than was Graphitite G,
even though the former is appreciably denser.

The latest corrected figure for the solubility of
Xe in Bi is 2.7 X 10-9 mole/cc-atmos at 540°C.

In studying the behavior of fission product 12

and Xe in LMFR fuel systems, gram-scale cap
sules containing LMFR fuel in the solid state are
irradiated in the BNL reactor and then equili
brated at 500° C with agitation. In an experiment
in which the container was 2 1;4 Cr - 1 Mo steel
and was wetted by the fuel, the concentration of
Xe at the fuel-steel interface was roughly 10 times
that in bulk Bi. The interfacial concentration was
about the same as those found in two previous ex
periments, but the bulk concentration was greater
by a factor of 103

• Further experiments are
planned to determine whether or not there is a Xe
saturation effect.

Desorption rates of Xe from Bi solutions will be
measured when necessary modifications in the
bench-scale degassing equipment are completed.
Degassing columns of various designs will be
tested.

Removal of Noble Fission Products
From LMFR Fuel

Vapor pressure measurements on BiI3 show that
no dissociation occurs at temperatures up to
536°C, the highest temperature attained; spectro
photometric measurements in the visible spectrum
indicate no dissociation up to 440°C, the highest
temperature reached. The spectrum of the eutectic
NaCl-KCl-MgCl2 at 500°C has also been ob
tained in the same wavelength range.

It has been demonstrated that all fission prod
ucts more noble than Bi (with the exception ofTc,
which has not yet been tested) can be removed
from Bi by 0.3 to 0.5% additions of Zn. Up to 5%
Zn has been found to have no appreciable effect
on the normal concentrations ofU, Mg, and Zr in
Bi at temperatures >400°C. In a series of experi
ments to determine liquation rates, the majority of
the intermetallics of Ru, Rh, and Pd with Zn were
found to float to the top of the Bi in a few hours.
At least 3J4 of the FPN's (fission products noble)
are in the top V2 in. of a 4-in.-deep volume of Bi
after 4 hr's standing.

Figure 6. Loop N during construction. This is a facility
for studying the kinetics of mass transfer between liquid
metals and fused salts in countercurrent extraction columns.

Dissolution rates of Zr in Mg-Bi are reduced by
a factor of 10 when the mixture is not agitated;
and it would appear that the dissolution rates of
U in Zr-Mg-Bi are also reduced considerably
when agitation is not used, but the reduction is not
as great.

Large-Scale Fuel Processing

Loop N, the fuel processing loop, was delivered
to BNL on August 28, 1958. Radiographic inspec
tion of all piping welds showed that 23 of the
Croloy welds and 14 of the stainless steel welds,
representing ::::::20% of the total, were defective.
These welds have been redone and checked. Final
construction was completed and the loop has been
put in stand-by condition.

Salt Corrosion for Fuel Processing Equipment

Sixteen different metals and alloys have been
tested in rocking-furnace experiments to deter
mine their suitability for constructing fuel-salt ex-
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traction columns. Ofthese, type 446 SS, 214 Cr
1 Mo steel, and Mo appear to be the most satisfac
tory from a corrosion standpoint. It appears that
when the fuel and BiCls-free salt are together, the
fuel is the more corrosive. When BiCls is present
in the salt up to concentrations of 5%, the only
satisfactorily corrosion-resistant materials appear
to be Au, Pt, and Mo. A 214 Cr - 1 Mo steel ther
mal convection loop (450°-500°C) has now run
more than 5500 hr with the straight ternary salt.
Although no attack is noti eable in the h t leg on
radiographic inspection aIlo d p sition has b n
slowly building up in tb old leg in e ab ut the
25 O-hr point. Recent rocking-furnace re uJts
howed that weld in 47 and If.. r - 1 M

steel stood up quite well in the NaCI-KCI-MgClz
eutectic.

The reconstruction of Loop G was completed
and operation was started with the procedures
that will be used in Radiation Loop 1. Condition
ing runs were made with Zr and Mg in Bi. Opera
tion under AT conditions with 1400 ppm V in Bi
was started but had to be discontinued as a result
of the loss of V at a cold spot in the loop. Efforts
are being made to determine the location of the
cold spot.
, A rough determination was recently made of
the over-all heat transfer coefficient for Bi flowing
in both sides of the double-pipe heat exchanger in
Loop G. The predicted coefficient, based on the
outer surface of the inner pipe, was 560 Btu/hr-fe
° F, while that observed was 653. Since the ob
served value was expected to be higher because of
entrance effects and turbulence introduced by the
V-bend at the mid-point of the exchanger, the
agreement is considered satisfactory.

LMFR 4-ln. Utility Test Loop

he objecti es f rh -loin. tility Test L op
proje t are the de i n. on tru tion, and operation
of an engineering-scale doubl t tloop with -Bi-

g-Zr lurion in th primary I op and Bi-Mg-Zr
in th econdary I op under onditi n of tem
perature, pres ure and velo ity of flo\ I el
approximating tho fan L FRE ex ept fI r
radiation. This proj t i exp cted to provide
much information on beaters ex hangers coolers
pumps, valves, instruments, controls, degassing,
construction methods, and general performance
applicable to LMFRE components. Corrosion and
mass transfer data will be obtained.

The process design of the loop was done by
BNL, the mechanical design of components by
various manufacturers, and general engineering
and construction by the Catalytic Construction
Company. The loop will be operated by the Bab
cock & Wilcox Company.

Construction of the loop was completed during
the year. Mg and Zr were added to the Bi charge
and stabilized at 350 and 260 ppm, respectively.
On June 12 Bi was charged to the loop, and the
calibration runs were started. Total circulation
time to date is 22 hr on the primary loop and 1 hr
on the secondary loop.

Much information has already been obtained
on the fabrication, construction methods, testing,
and costs oflarge-scale D-Bi systems.

Initial operation of the loop has uncovered some
equipment problems such as excessive vibration of
the loop piping, a seized valve stem, and difficulty
with the secondary loop pump. Repairs will be
made and the conditioning run will be resumed.

Thorium Oxide-Bismuth Slurries
for LMFR Breeder Blanket

A large number of gram-scale dispersions of
ThOz in Bi have been made under a variety of
conditions. Several types of ThOz powders have
been tested; most of these were prepared at BNL
but a few were obtained from vendors. The tem
perature was varied from 500° to 650°C, and the
Mg concentration in the Bi was varied from 0 to
300 ppm. When the temperature was at least
600°C and the Mg concentration at least 150
ppm, it was possible in most cases to produce dis
persions in a period of 1 hr with good agitation.
In all this work, no significant reduction ofTh by
M wa found. The Bi contained no Zr..

P wders pr duccd by alcination ofTh( 0,).
and h( H). are mor asil di peTS d than those
produced from Th( ~O I)~' In fa t tho e produced
from Th( H. are di p r ible without th addi
tion of red uctant u h a and Zr to 1be Ri.
Other important variables studied were cdncen
tration freactant. pre ipitati n temp ralUrcs,
thor ughn of \ ashin ,de ree of dige tion and
alcinarion temp rawr. he varjable h ing th

greatest ffe t n di-persibility emed to b the
th rougbne f wa bing. AU the h ~ pO\ ders
had bout the -arne range of particle siz . nam I '
from 10 to 60 p,.

ThOz-Bi slurries were produced on both gram
and kilogram scales. On the capsule scale, Bi dis-

..
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Figure 7. p.

Fi"ul"e 8. . Illl" I panel. 'I-in. lhilitv 1 cstl oop.
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persions were obtained with Th02 powders from a
variety of sources, including the Norton Company,
the Davison Chemical Company, Oak Ridge
National Laboratory, and BNL, and prepared
under different conditions. The dispersions were
prepared and the powders were outgassed at
600°C, and the Bi usually contained 100 ppm Mg.
Oxides prepared by hydroxide precipitation and
calcination were most readily dispersed. The use
of mixed Th-Bi oxides also showed promise, but
did not appear to offer any advantages over the use
ofpure oxide prepared by hydroxide precipitation.

The minimum additive requirements for dis
persing 10 wt % of both Norton 900F Th02 and
Norton 60F Th02 in liquid Bi at 600° are 0.000029
to 0.000037 g-atom Mg per g Th02 , or 0.000012 to
0.000015 g-atom Zr per g Th02 • These results
seem to indicate that the minimum additive re
quirements are dependent on the mass of Th02

rather than the surface area, and that a valence ef
fect is involved in the wetting of Th02 by liquid Bi.

Degree and type of agitation and even the
material of construction of the agitator have pro
nounced effects on the rate of Th02 dispersion in
Bi solutions. In the kilogram-scale work, a number
of additions of Th02 to three different vessels gave
good material balanc s. In three separate a ,
etlling period. up l 7 hr caused no significant
e r arion of the Th "particle' in the sl urries.
ar. ing the temperatur b tW'ecn 400° and 600°

also produ ed no effi ct on lurry labilit. 0 sig
nificant r ducli n of the ThO, ha b 'n b rv d
in any of the kilogram-scale experiments.

Gram-scale dispersions of Th02 in Bi have been
produced by oxidizing Th dissolved in Bi either by
a stream of oxygen or by the addition of Bi2 0 3 ,

but so far the results do not indicate that this tech
nique has any advantages over the mechanical
mixing method, and its use has not produced any
new information; therefore this work will be ter
minated.

A Th02 -Bi slurry containing 0.5 wt % Mg ir
radiated at 500°C for 5 months did not segregate.

There is some evidence that the Xe which diffused
out of the ThOz particles remained associated with
them.

Several inches of froth are produced from slurry
volumes ;:::::6 in. deep by stirring under ;:::::3 atmos
gas pressure and then evacuating to a partial
vacuum. This froth can be eliminated by slow
evacuation or by employing several pressure cycles.

Sessile-drop measurements at 500 °C for Bi in
contact wth flat surfaces of Th02 have shown con
tact angles ranging from 90° to 150°, and indicate
very little tendency for wetting. Receding angles
as low as 14° have been observed but are not re
producibl .

p tro 'aphi analy w I' don on two lot
of h02 powder fr III lh Davi on h mical Com
pan and on one I l from the Norton ompany.
Iron was the chiefeomaminant, ar ing from-O
ppm in one of the Davison oxides to 500 ppm in
the Norton material.

In analytical procedures, Th02-Bi slurries are
treated with nitric acid to separate soluble from
insoluble constituents. Several types of oxides were
treated with boiling concentrated nitric acid for
15 min, and the soluble fraction of each deter
mined. This was found to vary from 0.0001 to 0.36
(the higher the calcining temperature and the
larger the particle size, the smaller the solubility).

A Brunauer-Emmet-Teller apparatus for deter
mining the surface area of Th02 powders is now in
use. The surface areas of the oxides currently being
tested appear to lie in the 1 to 2_m2/g range.

The stability ofThOz-Bi has been tested by con
tacting a 7.3 wt % mixture at 600°C. Chemical
analysis showed the presence of 70 ppm Th in Bi,
which indicates that a reaction does take place.

Three attempts were made to disperse ThF.
powder in Bi solutions on a gram scale without
much success. The difficulty may have been due
to use of powder which was several years old.

The Th02 -Bi slurry mixture is now being pre
pared for use in the second extended run of Slurry
Loop SLC-l.
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The research activities of the Biology Depart
ment continue to center on the special facilities of
the Laboratory. They include, in general, studies
of the biological effects of radiation and the use of
nuclear techniques, especially isotopes, for the
elucidation ofsome ofthe basic problems ofbiology.

In general these problems are being investigated
by the methods of molecular biology. This ap
proach has been under development for several
years, and the growth of the Department has been
increasingly in this direction. It has involved stud
ies on protein structure, enzyme kinetics, the mo
lecular structure and function of antibodies, the
molecular structure of chromosomes and its re
lation to the mutation process, etc. These concepts
and techniques have found immediate application
in such pressing problems as the nature of radia
tion-induced mutations, the intimate nature ofthe
mechanism of radiation damage in mice, and the
details of the basic reactions involved in photo
synthesis. The molecular approach thus permeates
the work of the department.

This report briefly indicates the major areas of
research and some of the findings made during the
year.

MAMMALIAN PHYSIOLOGY

Radiation-Induced Aging

That radiation can cause a decrease in the life
expectancy of animals is now well known. The
syndrome resembles natural aging so closely that
it has become known as radiation-induced aging.
The program under way is designed not only to
elucidate the basic mechanism of radiation
induced aging, but to determine its relation to the
phenomenon of natural aging.

Preliminary results of a search for treatments
which might stimulate radiation-induced aging
were described in last year's annual report. The
completed experiments have borne out the earlier
impressions. The agents tested were the toxoid and
the toxin of both typhoid and tetanus, nitrogen
mustard, and turpentine. These substances, given
to mice either in a single large dose or in smaller
weekly or biweekly doses, represent severe stresses
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that, like radiation, make animals acutely sick and
may result in early death. However, the animals
receiving these stresses, including those receiving
them over a large fraction of their lives, had a life
expectancy as long as that of untreated mice. It is
thus evident that these stresses do not specifically
shorten life, as does irradiation. Therefore, irradia
tion does not simply represent a stress, and some
other mechanism by which it shortens the life span
must be sought. A broader implication of the ex
periments is that the aging process is not an ac
cumulation of nonspecific stresses.

An older hypothesis assumes that aging results
from a gradual accumulation of viable mutations
in the somatic cells of the body. Since radiation is
a well-known mutagenic agent, the phenomenon
of radiation-induced aging would be consistent
with this hypothesis. However, as indicated above,
administration of the chemical mutagen nitrogen
mustard to mice did not shorten the life expec
tancy significantly. This argues against the somat
ic mutation theory of aging, although the point is
not proved because quantitative estimation of the
number of somatic mutations caused by each
mutagen was not made. To obtain such informa
tion a procedure for estimation of such mutations
has been developed. The procedure assumes that
the number of mutations is proportional to the
number of chromosome abnormalities.

The procedure as applied to liver involves the
following: Ifan abnormality is induced in a chro
mosome of a liver cell during interphase, it will not
be apparent until cell division occurs. Thus, in an
organ such as the liver, in which the cells undergo
division very seldom, the chromosome abnormali
ties can be "stored" for long periods of time. To
make the abnormalities apparent part of the liver
is destroyed by a chemical agent. This stimulates
division of the remaining cells within 24 hr. Micro
scopic examination of the liver cells at this time
reveals many cells in anaphase, the stage in cell
division during which the chromosome abnormali
ties are apparent. Determination of the proportion
of cells in anaphase that bear abnormalities gives
an estimate of the number of somatic mutations
present in the animal. Quantitative results are not
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yet available for nitrogen mustard or radiation,
but it has been observed that both agents do pro
duce many chromosome abnormalities.

Carbohydrate Metabolism
and Its Hormonal Control

One of the serious gaps in knowledge in mam
malian physiology is in the area of the regulation
of the blood sugar level. Briefly described, the
blood sugar concentration is a balance between
supply by the liver and demand by the extra
hepatic cells, the rate of turnover being about
1;iooth of the whole glucose "pool" per min. The
glucose pool is only partly confined to the blood, a
major portion being located in the interstitial
fluids of the tissues. Of the interstitial fluid glu
cose, 1/3 to 1/2 is not in rapid equilibrium with the
blood glucose but takes;::::; 1 hr to adjust to changes
in blood glucose concentration. It is generally be
lieved that the glucose pool does not extend to the
interior of extrahepatic tissue cells because the glu
cose there is kept at extremely low concentration by
the irreversible action of the enzyme hexokinase.

The body has a mechanism whereby the rate of
disappearance of glucose into cells is increased as
much as 5- or 6-fold by increased insulin secretion.
It also has a mechanism whereby the amount of
glucose delivered to the blood is increased many
fold by adrenaline or glucagon secretion. How
ever, present methods of analysis do not indicate
that in the resting state the blood glucose concen
tration varies in a rhythmic or cyclic manner
above and below the particular mean glucose level
being maintained. Although unequivocal evidence
is not available, it appears unlikely that intermit
tent secretion of these blood-sugar-raising and
blood-sugar-Iowering hormones is responsible for
the maintenance of an unchanging blood sugar
concentration.

Augmenting the mystery of the constant level
of sugar is a lack of knowledge about the influence
of hormones on glucose metabolism. This lack is
reflected in the evaluation of recently introduced
drugs, the sulfonylureas, which lower the blood
sugar level and are sometimes used in place of in
sulin to treat diabetes. Acceptance of these drugs
for therapy hinges chiefly upon the extent to
which their action is the same as that of insulin.
The fact that they lower glucose production by the
liver might have been regarded as a toxic mani
festation except that simultaneously acceptance
was given to a claim that the main action of insu-

lin also is to reduce the rate of glucose output by
the liver. This claim was based on C'"-glucose ex
periments in which the influence of the slowly
mixing portion of the glucose pool was ignored.
Thus, more than 30 years after the discovery of
insulin, the way in which it lowers the blood sugar
level was so little understood that confusion was
introduced by a few improperly interpreted ex
periments. During the past year, in collaboration
with others at New York University and the
Michael Reese Hospital of Chicago, BNL experi
ments using Cl'-tagged glucose have been ex
tended, and the findings have served to correct
the misapprehension and establish that the main
action of insulin is to increase glucose uptake by
the tissue cells.

Although the direct immediate effect of injected
insulin is to lower the blood sugar level by increas
ing the rate of glucose uptake by the tissue cells,
the long-term effect of the lack of insulin in the
diabetic state is conditioned by other hormones.
Both growth hormone and the adrenal gluco
corticoids, although they have no direct immedi
ate action upon the blood glucose concentration,
act over a period of days to increase the level at
which the blood sugar concentration is regulated.
Thus, the absence of either or both hormones
ameliorates the hyperglycemia characteristic of
diabetes. One of our major contributions was the
demonstration by use of C"-glucose that a growth
hormone regimen increases the rate at which the
liver puts glucose into the blood. Although the
blood sugar concentration does increase as a con
sequence, it does not increase as much as might be
expected, probably because, in the animal having
an intact pancreas, extra insulin is secreted in re
sponse to the hyperglycemia. In any event the up
take of glucose by the tissue cells also increases,
which is the opposite of what had previously been
thought to be the effect of growth hormone.

It is known that growth hormone action in
volves fat metabolism as well as glucose metabo
lism, and it is probable that its more immediate
action is on the former. A program to study this
by measuring the influence of growth hormone on
the concentration and turnover of the nonesteri
fied fatty acids of the blood plasma was started
during the year. The earliest experiments with
C'"-palmitic acid have indicated that much of the
tagged material which disappears from the non
esterified fatty acid fraction is not held by the tis
sues but is still present in the blood in other lipid
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fractions. Preparations are being made to isolate
these fractions in order to interpret the influence
of growth hormone on the turnover and concen
tration of rb non term d fa a id .

The for going ar ampJ of work dir t d
t ward two major gen ral goals: elucidation th
bl od u ar r guJator mechanism and elu ida
lion f th mode of acti n of the h rro n hieb
regulate energy metabolism.

Effects of Radiation on the Intestinal Epithelium

It is well known that irradiation interferes with
maintenance of the integrity of the intestinal epi
thelium and that this interference is responsible
for certain manifestations of radiation sickness and
may cause death. A comprehensive investigation
of the response of this tissue to radiation is being
carried out in collaboration with several other in
stitutions. The most important finding is that the
epithelium can adapt to continuous irradiation.
It was previously known that under repeated ir
radiation the intestinal epithelium - as a whole 
shows adaptation in that cell division is resumed
and the ari inaU high ral t II m rLalit' is
markedl d I in pit fr p l dirradiariun.
B u in ntinu us irradiation and appl ing
quantitati ehi L I i 1m thod a II Loradiographi
t hniqu and pI' viou I obtained kno I dge f
ell populati n kin tics it was Ii und lhallhis f

feet is not due to selection of more resistant ele
m nt but actuall is a elJular phen m n n.. t
I t two asp ts of the adapta li n m ba n i ha
been identifi d: I the d el pmem of d ptation
is Ii nked to d oxyri bon'll I i id D syn
tbe i with ut II divi ion \ bicb rou t I ad to
increased DNA content unless it is due to DNA
r plac menlO (2) pr liferati a tivil is protec:t d
b a hom ati m bani m which (surpri ingly)
oatrols the numb r but not th qualit f cell

makin up h rative compartm at.
Lher intercstin findin i thaL matur 11-

usually considered rather resistant - very early
show lesions of their surface which can be seen in
th electron mi 1'0. op '. Th ppear n f th
lesion carr lal with disturb n in p rmeabiJ
it Lo all whi h ur b re the mi alion 0

ag d rypt U l th viUi as verifi d b aut
radiographi I chnique ).

Information Theory of Radiation Mortality

Progress has been made in several directions in
the theory of the breakdown of complex organi-
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Figure 1. Metabolac, an electronic analogue computer
being used to test a theory of the breakdown of complex
organization arising from accumulation of stresses.

zation because of the accumulation of minor dam
ages. Complex organization may be equated to a
living thing, breakdown to death, and minor
damage to effects such as those produced by radia
tion. An equation has been developed which re
lates the probability of breakdown to the dose of
the damaging agent, to the organizational stabili
ty of the system, and to the sensitivity of its ele
ments. The character and implications of this
equation are under intensive study. The statistical
evaluation of the two system parameters (organi
zational stability and sensitivity) from experimen
tal data is performed by machine methods with a
code developed by P. Mumford of the Applied
Mathematics Division. In addition, an electronic
analogue system has been developed in collabora
tion with W. Higinbotham of the Instrumentation
Division and H. J. Morowitz of Yale University.
This analogue system is now in operation. For
identification it has been given the name Metab
olac since it was primarily modeled on intermedi
ary metabolism. It is a computer of medium size
representing a system of 50 components which can
be organized in a great variety of ways; this organ
ization can be made to perform a variety of"tasks"
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in a variety of "ambients." The whole system can
be subjected to systematic or to localized altera
tions, and the subsequent changes in behavior
studied.

Acute Effects of Irradiation on
Carbohydrate Metabolism

Previous studies have show that whole-body
x-irradiation of growing rats produces changes in
their carbohydrate and nitrogen metabolism. The
signs of this response to irradiation in the fasted
animal are an increased blood sugar level, an in
creased liver glycogen level, and an increased
urinary excretion of nitrogen. If the pituitary
adrenal system of the experimental rat is not fully
functioning or is not intact, the carbohydrate and
nitrogen changes are much reduced in magnitude
or are absent. Studies of newborn rats show that
changes in carbohydrate metabolism in response
to irradiation do not begin until the sixth postnatal
day, after which time the responses rapidly ap
proach those seen in older animals. These results
indicate that the pituitary-adrenal system does not
begin to secrete its full complement of hormones
concerned in the regulation of carbohydrate
metabolism until a week or so after birth.

Of interest are the changes observed in the
blood sugar and liver glycogen levels in the nor
mal fetal rat. The blood sugar level is low until
three days before birth; it then rapidly increases
until at birth it is almost at adult levels. The
changes in the liver glycogen level preceding and
following natural parturition are even more com
plex. The liver glycogen level rises rapidly during
the last three fetal days, falls precipitously on the
first postnatal day, and then rises again during the
next several postnatal days. The manner in which
the blood sugar of the fetal rat is regulated is a
question that can be answered only by future re
search, for it seems that the regulation by the
pituitary-adrenal system so prominent in stress
situations in the adult rat is absent in similar situ
ations in the fetal rat.

The Booster Response

Although it is well known that immunity arises
from contact with disease-causing agents and de
rived products (e.g., viruses, bacteria, and corre
sponding vaccines), understanding of the mecha
nism by which the factors conferring immunity,
the antibodies, are produced is still somewhat

limited. A study of this mechanism is under way.
One phase of the study has been to determine the
nature of the "booster response," the phenomenon
in which a second, comparatively small adminis
tration of antigen induces greater production of
antibody in a shorter time than the initial admin
istration of antigen. By use of highly purified and
labeled antigen a relationship was established be
tween the disappearance of the antigen after its
administration and antibody production. This re
lationship indicates that the amount of antibody
produced is not directly related to the amount of
antigen present, that at least one intermediate is
involved in the production of antibody, and that
cells already adapted to synthesize antibody
through earlier contact with antigen are required.
Although each antigen induces formation ofonly
its own antibody, the time course of the booster
response is about the same with different antigens.
These several inferences, taken in conjunction
with other work, allow the conclusion that the
initial contact with antigen conditions certain cells
to produce antibody and that a second contact
with antigen brings about rapid multiplication of
these cells.

Pathology

In studies of the effects of a stress such as radia
tion on animals, pathologic examination is neces
sary in order to distinguish the effects caused by
the stress from those caused by other factors, e.g.,
diseases present in latent form initially or acquired
after the stress. To avoid the complications arising
from the presence and threat of disease in experi
mental animals, an attempt is being made to pro
duce and maintain disease-free animals. Success
in this attempt requires continuing work in the
diagnosis of diseases as they occur so that methods
of control can be introduced. In addition, a variety
of experimentally produced disorders are under
examination. One of these is the irritability and
aggressiveness produced in rats by upper-body
irradiation. Histological study of the spinal cord
and nerve roots has been made, but has revealed
no lesions that explain satisfactorily the change in
behavior. This study is being extended to include
observation of the damage to the spinal cord (with
its ensuing paralysis) when a selected segment of
the vertebral column is irradiated. In general, the
experimental work in pathology concerns dis
orders that involve the nervous system.
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GENETICS

Cooperative Radiation Mutation Program

The radiation facilities at Brookhaven - the
field in which plants can be grown under long
term gamma radiation, the neutron source at the
reactor, and the x-ray machine in the Biology De
partment - are being used to irradiate plants,
seeds, cuttings, and similar material for eventual
study elsewhere. The goal of this work is to assess
the usefulness of such irradiations in producing
mutational changes that represent crop improve
ments. Irradiations have been performed for many
individuals and groups in this and other countries.

Reports within the past year from several co
operators disclosed the production of new muta
tions of agricultural significance. Dr. N.E. Jodon
of the U.S. Department of Agriculture, stationed
at the Rice Experiment Station in Crowley, La.,
has obtained a mutation in rice that leads to
maturity 4 to 5 weeks earlier than in the parent
variety, Rexoro. This variety has been grown for
40 years and has been satisfactory in most respects
except for its late maturation. The new mutation
produces fewer tillers and therefore has a lower
yield than normal Rexoro. The early maturing
mutant will be crossed with its parent and with
other varieties in an attempt to recover the earli
ness factor without the low tillering.
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Dr. A.A. Hanson of the U.S. Department of
Agriculture, Grass and Turf Section, has recov
ered a stem rust-resistant mutation from thermal
neutron-irradiated Merion Kentucky bluegrass
seed. The mutation was discovered in the second
generation following neutron treatment. All the
plants in the stem rust-free progeny remained free
of infection and continued to grow throughout the
growing season, while the normal Merion Ken
tucky bluegrass was killed to ground level. The pos
sibility that the disease resistance may have been
introduced by a fortuitous cross with another vari
ety is apparently ruled out in this case, because
the parent variety is almost completely apomictic
and sets seed without sexual reproduction. The
mutant resembles Merion Kentucky bluegrass in
every other respect and is expected to be an im
portant lawn grass in areas where stem rust disease
is now prevalent.

Symbiotic Nitrogen Fixation

Fixation of atmospheric nitrogen in the soil in a
chemical form available to higher plants is accom
plished by a number of microorganisms. Symbiotic
fixation by Rhizobium living within nodules on
the host plant is perhaps the most important nat
ural means of nitrogen enrichment of the soil.
This symbiotic process, however, is confined large
ly to legume plants such as clover. Much research

Figure 2. Normal Merion Kentucky bluegrass and the radiation-induced mutant
which is resistant to stem-rust disease. The normal plants (left) have been killed
to ground level. The resistant plants (right) are healthy and continue to grow.



Figure 3. Effect of symbiotic nitrogen fixation on growth
of the host plant on a nitrogen-deficient substrate. Both
plants (clover) were grown under sterile conditions on an
artificial substrate containing all required mineral salts
except nitrates. Roots of plant at left were inoculated with
a culture of Rhizobium which formed small, ineffective
nodules and fixed a negligible amount of atmospheric
nitrogen. Growth of the plant resembled that of a non
inoculated control. Roots of plant at right were inocu
lated with an effective bacterial culture which formed
large nodules and fixed adequate nitrogen for vigorous
growth of the host plant.

has been devoted to Rhizobium and to the mecha
nism of fixation, but little progress has been made
in extending by genetic manipulation the range of
hosts for these bacteria. The objective of the pres
ent program is such manipulation.

Preliminary work with Rhizobium leading to the
development of appropriate "marker" characters
induced through mutations has been carried out.
The necessary complete and minimal media for
growth have been formulated for several species,
and a standardized method for testing the bacteria
for nodulating and nitrogen-fixing ability upon

plants in sterile culture has been established.
Search for effective production and recovery of
mutants is now in progress.

Lysogeny and the Genetics of Bacteriophage

Infection of bacteria by temperate bacterio
phages (viruses) may result in destruction of an
infected cell and production of progeny phage, or
the cell may survive the infection and by integra
tion of the genetic material of the phage into the
bacterial genome give rise to a hereditarily changed
bacterial clone. The surviving clone is immune to
subsequent infection by the phage but can pro
duce the phage. The altered state of the bac
terium is called lysogeny, and the controlling enti
ty of the lysogenic condition is designated pro
phage. Research directed toward a more complete
understanding of lysogeny is being carried out.

A number of mutants of the temperate wild
type phage P22 of Salmonella typhimurium have been
examined for the ability to lysogenize. The mu
tants fall into three groups. One is temperate, but
lysogenizes to a lesser degree than the wild type.
The other two groups do not themselves lysogen
ize; however, infection of bacteria by a mixture of
the latter two groups produces lysogeny. This
phenomenon has been called cooperation. Genet
ically the mutations fall into a particular region
of the phage linkage map. The 3 classes of muta
tions fall into 3 distinct and closely linked pseudo
allelic series or functional units. The mutations of
anyone class can be mapped in a single unit.

A similar system of mutants has been found in
the closely related but distinct phage P549. How
ever, the mutants of P549 and of P22 do not co
operate. Genetic data suggests that their inability
to cooperate involves interaction between the
c loci concerned in lysogeny and the loci control
ling lysogenic immunity and host range in the two
phages.

In tests of the sensitivity of phage P22 to phys
ical agents it was found that phage frozen at _80 0

and -150°C was inactivated by a given dose of
ultraviolet rays to a much greater extent (5- to 10
fold) than at room temperature. The effect oflow
temperature does not appear to arise simply from
the freezing of the phage suspension, since inacti
vation at _10 0 was the same as at room tempera
ture. The possibility of more efficient energy
migration at the lower temperatures between parts
of the phage or between phage and medium is
being investigated.
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Changes During Germination in the
Sensitivity of Seeds to Radiation

During germination of maize seed the sensitivity
of the embryo to irradiation markedly increases.
In the present study of this phenomenon the seed
used was heterozygous for the alleles of the yellow
green locus. In this seed loss of the dominant char
acter arising from breakage of the chromosome
bearing the locus results in yellow-green somatic
sectors. Estimation of these sectors in the leaves of
seedlings was used as a measure of the sensitivity
of the embryos to irradiation.

The en itivit f lh d t 80 r f -ra m-
er a ed graduall durin th fi t I hr of rmi
nati n an h 0 ro abrupt!· durin t.h foUow
ing hr t a level that \Va maintained d-urio th
remainder f the 3 -hr te t period. h rate f
x g 0 utilization b th se d also increas d ap

preci bl ft r erminatioo f, r 1 hr. hu, th
abrupt chan e in raclio ositi it app ar t be
r laled to lh chang in rn tab li tivity. In th
dr tale aod fi r m tim aft r iniLiati n f
germination, the sensitivity of the seed was little
chan cd b th pr n f x' 0 durin in-adia
lioo. How r at br after th art f g rmina
tion and th r aft r, he n itivit of th eed \V

high r wh n irradiat d in the pre enc of 0 n
than in its abo n . Th eft t of ox g n \ maxi
mal hI'. Thus lh rna ked in r a in ensi
tivity ofthe seeds to irradiation during the 16 to
22-hr interval after the start of germination was
not related to the effect of oxygen per se on the
sensitivity.
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ent in the pollen instead of one. By carrying out
appropriate genetic tests it is possible to show that
when an S allele is present in a pollen grain in
duplicate it is able to overcome a self-incompati
bility reaction and thus to complete fertilization.
The function of radiation in producing these self
fertile types was to induce chromosome irregulari
ties such that, at pollen formation, two chromo
somes carrying the same S gene were included in
the pollen grain.

Pollen grains of flowering plants are of two
types, those having two nuclei (binucleate) and
those having three (trinucleate). A series of inter
r lated character app ar to hin 0 this b i
cliff, renee. Binu I t grain r tain their viabilit
in rag w LJ (many r rain it indefinitel ,\ hile
tdou I at rain rarel ur i e long r ilian a
w k und r an nditi 0 . Binucleate grain
g rroiD te I' dil in ulture meclia, trinu I ate
poorly at best. (All plants releasing their pollen
under water appear to be trinucleate.) Binucleate
grains carrying S alleles are inhibited at some rela
tively late stage in pollen-tube growth, while tri
nucleate grains are inhibited at germination or
soon thereafter.

h pUn-tub t p of in mpatibility r 'ul
r m th im ra tion of en -produced. ubstanc

in the t 1 and poll n. Th tylar ompon nl io
p tunia i pI' du d durin a brief p riod in lar
>1 n ati n i... about two da be£' r he flower
opens). This component is relatively stable and
upon extraction will inhibit the germination of
pollen grains grown in it; furthermore, it is rela
tively heat- and radiation-resistant. It is suspected
that the delayed inhibition of pollen-tube growth
in the style that characterizes binucleate pollen
typ ma b du t d la d action of the pollen

ne. Th' p II n ompon nt eeIDl t appear at
or after th p rm-Formin mito i io petunia. Th
In r tion f t lar and pollen c mponen r ul
in th laboraLion 0 sp iii gIll prot ins
rH.F. Linskens Z. Bolan. 3 1- 4- (I 55)' Ber.
deul. bolan. es. 71 -I (1 58)]. The ill
strengthen the impression that the S loci in plants
trigger a type of antigen-antibody reaction, one
component being confined to the pollen and its
agglutinating component to the style.

CELL PHYSIOLOGY

Tumor Induction in Plants

The amphidiploid tobacco hybrid N. glauca
X langsdorffii is known to have the genetic potential
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igme 4. umor formati non h brid toba 0 (N. glouco X IOllgsdorjJiI). Th photo raph at the
left wa taken 8 ceks aft r treatment of the plant with 0.01 I maleic h drazid ,a radiation
mimetic chemi aJ. That in the cenrer was taken 8 w 'cks after overing the apex f a plant with
a black ba . imilar tumO are indu ed in this plant by radiati n. Th plant at the right i a
normal plant r about th same ag as the othe.rs.

•

for forming tumors spontaneously or in response
to stimuli such as ionizing radiations, triiodoben
zoic acid, and mechanical trauma. Further studies
of tumor initiation in this plant have been made.
A radiomimetic chemical, maleic hydrazide, has
been tested. The hydrazide was administered by
application to freshly cut petioles of seedlings ;:::;2
mo old. Tumor formation began ::::; 1 mo after
treatment. The effects observed at 2 mo after
treatment with 0.1 and 0.001 M hydrazide cor
responded to those produced by 2700 and 1500 r
of x-rays, respectively.

The hydrazide causes chromosome breakage
but also produces physiological disturbances in the
plant. Either effect might account for induction of
the tumors. The tumor induction produced by
triiodobenzoic acid, an inhibitor of auxin trans
port, indicates that physiological disturbance may
be a sufficient cause.

Further indication of auxin imbalance as a fac
tor in tumor initiation arises from the finding that

shielding the apex of the plant from light serves as
a stimulus for tumor formation. It was observed
that plants in the field with bags placed over the
inflorescences in order to obtain self-pollinated
seed had an increased incidence of tumors on the
covered portions. Testing was carried out with
black, brown, and white bags placed on plants in
the greenhouse. The brown and white bags had
little effect, which rules out mechanical causes.

he plant under lh black bag how vcr de
veloped large rna e ftumor. Th ffi tofthe
dark p riod may b taken a upp rt or the hy
pothesis that auxin imbalan c h a major role in
tumor initiation in plants. or it may imply add a
light-controlled mechanism to the spectrum of
factors that induce tumors.

Cytogenetic and Physiological Studies With
Tritium-Labeled Thymidine in Tradescantia

Thymidine is a specific precursor of desoxy
ribonucleic acid (DNA), the genetic material of
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cell division, the morphology of the nucleus, and
the amount of chromosome breakage.

The kinetics of cell division in the root tip was
found to be as follows: Synthesis of DNA begins
~4 hr after the beginning of interphase and con
tinues for 10 hr at a roughly constant rate. Mitosis
begins 3 hr after cessation of DNA synthesis and
continues for 3 hr. The whole cycle takes 20 to 21
hr. These findings are in general agreement with
the results of work done elsewhere with other
plants.

The level of tritium in the thymidine employed
in tests of the kind indicated above has not un
commonly been of the order of II-tC/ml. Applica
tion of such a concentration to the root tip in
Tradescantia during the phase of DNA synthesis
was found to result in a level of radioactivity in
cell nuclei sufficient to cause considerable frag
mentation of chromosomes. On the basis of a de
termination of the dose of gamma radiation giving
the same degree of chromosome breakage, and
with allowance for the difference between the lin
ear energy transfer of beta and gamma-rays, it
was estimated that the nuclei received a total radi
ation dose from tritium of~ 10 rad. The amount
of radiation received by the cell was also estimated
from the tritium content of the cells. In auto
radiographs prepared under standardized con
ditions, the number of activated silver grains aris
ing from dividing nuclei was found to be propor
tional to the chromosome fragmentation; hence
the fragmentation is proportional to the dose of
beta radiation. A further test for radiation damage
was made by allowing cells in developing petal
tissue from plants heterozygous for flower color to
grow and divide in the presence of the labeled
thymidine. The mature petals bore color changes
indicative of somatic mutations.

Sterile Culture of Excised Anthers
of Trillium erectum

A procedure for the sterile culture of excised
anthers of Trillium has been developed for use in
experimental cytology. Such culture has many
experimental advantages over work with anthers
in situ; e.g., the physical and chemical environ
ment can be better controlled, replication of ex
periments is simpler, and observation is facilitated.

Comparisons have been made of the develop
ment and morphology of chromosomes in micro
sporocytes from anthers cultured in vitro and in situ.
No difference in morphology was observed; how-

NO. FRAGMENTS X3 141 3.6 RADS/HR
PROOUCED BY r RAYS 07.2 RADS/HR
IO-HOUR EXPOSURE .
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AVERAGE GRAINS PER DIVIDING NUCLEUS
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Figure 5. Breakage of chromosomes by tritium contained
within cell nuclei. Tritium-labeled thymidine, a precursor
ofdesoxyribonucleic acid (DNA), was administered to the
growing roots of Tradescantia during the period of DNA
synthesis. Estimates of the amount of radiation received
by cell nuclei that contained newly formed DNA were
made by measuring the tritium content of the cells. These
estimates agreed with others derived from the chromo
some breakage induced by gamma-rays. Use oftritium,
as a component of thymidine, at a level of :::::: 1 ILC/ml is
not unusual in studies involving the labeling ofcell nuclei
and can give rise to 15 to 25 chromosome breaks per 100
cells.

the cell nucleus. Labeled with tritium (H3), the
radioactive isotope of hydrogen, thymidine has
been used in a number of studies of chromosome
duplication and the kinetics of cell populations.
For such studies tritium-labeled thymidine affords
certain advantages. The thymidine is largely con
fined to the cell nucleus, and, since the range of
the weak beta-rays arising from the decay oftrit
ium to helium is of the order of the dimensions of
the nucleus, the localization of the labeled thymi
dine can be demonstrated rather precisely by
autoradiographic techniques. The material also
provides a means of irradiating primarily the nu
cleus ofa cell. A study ofcell division in Tradescantia
using tritium-labeled thymidine coupled with an
evaluation of the radiobiological effects of the trit
ium is under way. Autoradiographic techniques
are used to detect the presence and location of the
thymidine within the cell, and conventional cyto
logical techniques are used to define the stages of
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ation, and embryonic development. It would seem
reasonable to suppose that RNA serves as the in
termediate by which the genetic information of
DNA is transformed into the specific enzymes and
other proteins which are ultimately responsible for
cellular function. However, there has been almost
no evidence supporting this concept.

One method of studying the metabolism of the
nucleic acids is to grow cells in the presence of pre
cursors labeled with a radioactive element and
then determine the location of the element and
presumably the precursor in the cell by autoradio
graphic techniques. This process involves exposure
of a photographic emulsion to the action of the
radioactive element and microscopic comparison
of the developed emulsion and apposed cell. Trit
ium, the radioactive isotope of hydrogen, is an es
pecially suitable element for labeling precursors
because its effect on the photographic emulsion is
confined within the dimensions of many cell
structures.

The metabolism of RN A in dividing cells has
been studied by using tritium-labeled cytidine, a
precursor of both RNA and DNA. Growing root
ti ps of Viciajaba, the English broad bean, were
placed in nutrient solution containing the labeled
cytidine. At intervals roots were processed to ob
tain autoradiographs of growing cells. The labeled
material appeared promptly in the nucleus and
was associated with both the nucleolus and the
chromosomal portion. Earlier it was thought that
the labeled precursor in the latter portion of the
nucleus was all in the form of DNA. However,
further work has made it clear that some of the
precursor was a component of RNA. With in
creasing time of exposure of roots to the cytidine,
the level oflabel in the nucleolus increased to a
maximum and label appeared in the cytoplasm.
When cells with only the nucleoli labeled were
allowed to develop subsequently in medium con
taining unlabeled cytidine, the amount of label in
the nucleoli decreased while that in the cytoplasm
increased.

The results allow the following hypothesis:
RNA is synthesized in both the chromosomal and
nucleolar portions of the nucleus. The RNA of the
chromatin moves to the nucleolus and, along with
that formed in the nucleolus, eventually moves to
the cytoplasm. This hypothesis supports the im
pression that RN A serves as a carrier of genetic
specificity from DNA to sites of protein formation
in the cytoplasm.

•

ever, development between meiotic prophase and
the first meiotic anaphase for cells cultured in vitro
required :::::;24 days, markedly less than the 46 days
required in situ. The increased rate of development
in vitro may arise from an increased supply of some
material furnished by the culture medium.

The procedure has been used in a comparison of
the production of chromosome aberrations, frag
ments, and bridges by thermal neutrons (1.6 to
6.0X 10" nth/em") and by x-rays (25 to 100 r).
Half of the anthers from each flower bud were ex
posed to thermal neutrons, the other three to
x-rays. The radiations were applied to the cells at
pachytene, and the aberrations were scored at first
meiotic anaphase. The production of aberrations
with both kinds of radiation increased linearly
with dose. From the relationship of responses to
doses it was estimated that 1 r is equivalent to
2.8X 10" n th/cm2

.

Figure 6. Microspores of Trillium eree/um. These micro
spores developed on anthers cultured in a sterile medium
and are indistinguishable from microspores from intact
plants.

Nucleic Acid Metabolism in Dividing Cells

Desoxyribonucleic acid (DNA) is found only in
the chromosomes of the cell and is believed to act
as a master template for the storage of genetic in
formation. Ribonucleic acid (RNA) is found in all
parts of the cell but is especially concentrated in
the nucleolus. It appears to be associated with
such basic functions as protein synthesis, differenti-
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Figure 7. Association of calcium with pollen nuclei in
Li/ium iongijlorum. Pollen labeled with radioactive calcium
was applied to nonradioactive flowers. The fate of the

a wa followed during d velopm nt rp 11 n ubes
and nud .j b autor diographi teclmjqu·. The poll n
tube at the ri ht onta.in. a sperm nu 1 lJ bearing a'5.
indi ated by th h a conccmration of silver grain in
th autoradj graph. The I wcr rti n fthi poUen lube
and the tube at the left contain ani unlabeled plasm.
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seeds exposed to gamma-rays were germinated
markedly affected survival. When germination
and early growth was at 26°C and the light inten
sity was 1200 ft-c, conditions which are suitable
for active growth, seedling survival was 47%.
When cultured for the first 4 days after the irradi
ation at 20°C and 200 ft-c, conditions that lead
to slower growth, survival was 77%. Apparently
the recovery processes following irradiation pro-

Sensitivity of Arabidopsis to Radiations

Arabidopsis thaliana (L) Heynh., a member of the
Cruciferae or mustard family, is of considerable
genetic interest as experimental material. Al
though members of the mustard family are highly
resistant to radiation, Arabidopsis had not previous
ly been tested. The germination of seed exposed to
gamma radiation while dry was not affected by
the highest dose employed, but no seedlings sur
vived to maturity after ::::::4 X 105 r, and ::::::Y2 sur
vived after 2.5 X 105 r. About half of the seedlings
derived from seeds exposed to thermal neutrons
(2.2 X 1014 n tb/cm2

) survived. Relatively slight
modification of the conditions under which the

Role-of Divalent Metals in th.
Structure of Chromosomes '

Previous studies have indi~ated that one of the
functions ofcalcium, magnelium, and other diva
lent metals in the economy or plants is the stabili
zation of chromosomes. Sudh stability might be
conferred by the binding of the metals to acidic
group fth hrom om , .., th ph sphate of
th nu I i -a .d. T I for u h binding Lilium
plants (th •at r ul ,) w r upplied ,,,,,ith radio
active alcium in rder to obtain radioa tiv pol
l n. The lab J d poll n wa appli d I non
radioacti e flower. he I can n of the aU dur
ing subsequent developme~tof the pollen tube
and mitosis ofthe pollen was:then determined by
autoradiographic technique•. The labeled calci
um was found to be associat~only with the pol-
len nuclei. :

A similar test was made with the parasitic wasp
Habrobracon using Ca45 and radioactive strontium.
Host caterpillars were injected with the isotopes.
Wasp larvae were then allowed to develop on the
labeled caterpillars. The radioactive male wasps
thus obtained were mated to nonradioactive
females. The resulting fertilized eggs were col
lected and tested by autoradiographic techniques
for the presence of the isotopes. The eggs were
found to be radioactive, and, in the case of each
isotope, the activity was found in the spenn nucle
us contained within the fertilized egg.

The experiments clearly indicate the firm as
sociation of calcium with nuclei; thus, it is highly
probable that the metal is a component of chro
mosomes. In addition, the tests are another indica
tion of similarities in the biological distribution of
calcium and strontium.

.. . ~---
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Figure 8. Autoradiographs showing association of calcium and strontium with sperm nucleus
after fertilization of egg in Habrobracon. Male wasps labeled with radioactive calcium or strontium
were mated with unlabeled females. The fertilized eggs were tested for the isotopes by auto
radiography. Top: The picture at the right shows the sperm nucleus in the egg cytoplasm; the
one at the left shows the Ca·" activity associated with the sperm nucleus. Bottom: Similar photo
graphs from an experiment in which Sr'o was used.
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ceeded more effectively at the lower level of
metabolism and growth.

Plants in the field under exposure to gamma
rays for -;:::;;7 weeks survived a dose rate of 4X 103 r
per day, although morphological abnormalities
and sterility were detected. A. thaLiana at present
appears to be the most radiation-resistant member
of its family and possibly of the entire plant king
dom. If the mutation frequency is proportional to
dose of radiation, the yield ofgenetic alterations in
this organism should be unusually large.

Factors Influencing the Growth of Roots

Previous studies have shown that in the stem of
the Lombardy poplar there are root primordia
which are very sensitive to light. Very small
amounts oflight inhibit these roots from emerging
from the bark, and it is by this means that these
roots are normally kept in check. However, if all
or part of a branch or cutting is kept in continuous
darkness for 4 days or longer, these roots begin to
grow; after 2 additional days they break through
the bark and are no longer light sensitive. It is be
cause of this characteristic that the poplars can be
rooted so easily.

Experiments this past year have been concerned
with the responses of these root primordia to x
irradiation. By using the number of roots emerging
from the bark as the criterion of response to radia
tion, it was found that during December and Jan
uary roots never emerged after dosages >10,000 r
and that the LD so was -;:::;;4500 r. Sensitivity
seemed to vary with season, and during March,
by which time the trees had already received suf
ficient cold treatment to break their winter dor
mancy, 7000 r was the maximum dose tolerated,
with an LDso of -;:::;;3000 r.

Irrespective ofseason, a dose of 250 r produced
more inhibition of root emergence than did 500
or even 1000 r in each of the six separate experi
ments conducted. Although the difference in some
cases was as low as 8%, the average difference for
the six experiments was 19%. The response at 250
r seemed to be greatest during the seasonal transi
tions from winter to spring and from summer to
fall, but this must be verified. The effect at 250 r
is particularly interesting in view of the fact that
the response to dose appears to be linear from 500
through 10,000 r.

Auxin biosynthesis has been shown by other
investigators to be strongly retarded even by low
levels of radiation. Experiments were therefore
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performed to determine whether pretreatment or
posttreatment with auxin could protect against the
action of the radiation. It was found that after a
preirradiation treatment consisting of immersion
for 1 hr in a solution of 200 ppm indole acetic acid,
the number of roots emerging was more than three
times that on cuttings not treated with the auxin
but also exposed to 4000 r of x-rays. Auxin treat
ment folllilwing x-irradiation was also effective, but
not to the same extent as the preirradiation treat
ment.

The Bacterial Chromatophore
and Photosynthesis

Photosynthesis, the process by which the energy
of light is used to convert carbon dioxide into
sugar, involves many reactions. For analysis the
over-all reaction can be separated into the initial
capture of light energy by the pigments, the con
version of this energy into the chemical energy of
the terminal phosphate bond ofadenosine triphos
phate (ATP), and, finally, the use of this energy
for the synthesis ofcellular constituents.

In higher plants most ofthe photosynthetic proc
esses occur within a complex cellular organelle, the
chloroplast. In contrast, the photosynthetic bacteria
contain a much simpler photochemical organelle,
the chromatophore, which is responsible for
the capture of light energy and its conversion into
chemical energy as ATP. The other events in
volved in photosynthesis occur elsewhere in the

11. Thi natural ph ical paration f th earl
phot hemicaJ events from the ub equ nt p
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bacteria Ii r th cud of th phol h mi al pro
dution of TP. h hromatopbor fth purpl
ulfur ba t rium i f pecial inter t b cau it is

the smallest and simplest organelle known to per
form this function. Physicochemical measurements
and observations with the electron microscope
indicate a spherical structure with a diameter of
-;:::;;300 A. The sedimentation constant is 143
Svedberg units. The density is 1.2485, and the
"molecular" weight is -;:::;; 13 million. The chroma
tophore has an electron-dense cortical layer -;:::;;60 A
thick and a less dense medullary region. Each
chromatophore is composed of -;:::;;300 carotenoid
molecules, 600 chlorophyll molecules, 3000 phos
pholipid molecules, and protein equivalent to
67,000 amino acids. Geometric and other consid
erations suggest that the protein makes up the
outer electron-dense layer of material which con-
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Figure 9.

Part I. An electron micrograph (40,000 X) of a thin section of the purple sulfur bacterium,
Chromatium. The organism is smooth contoured and is bounded by a dual membrane (d.m.)
which can separate into two distinct structures. The cell is filled with the chromatophores (Ch.)
which are minute vesicles. These appear as annular images with an outer diameter of about 300
A and a cortical thickness of about 70 A. Larger vesicles (/.v.) about 1000 A in diameter as well
as irregular electron-lucent areas (s) can also be identified. The closely packed chromatophores
obscure the small dense particle (loa A) which is observed in the fractions.

Part 2. An electron micrograph (80,000 X ) of a thin section of a typical preparation of chro
matophores. The chromatophores occur singly, in clumps, and occasionally in chains. These
relationships appear to be casual. A few larger vesicles (/.v.) about 1000 A in diameter may also
be present, but it is not clear to what extent these structures differ from the typical chromato
phore except in size. A small (IOO-A) dense particle (s.p.) is also present in variable numbers.
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Figure 10. Two-dimensional representation of ribonuclease. The amino acids are indicated by
abbreviations derived from the first three letters of their names. The 124 acids are linked to
gether by peptide bonds. The chain of amino acids is cross-linked by four disulfide bonds in
dicated by the black areas.

stitutes the bulk of the chromatophore, and that
the other constituents form an inner layer adjacent
to the protein. In addition to these major struc
tural components of the chromatophore, several
of the important electron transport compounds
thought to be involved in ATP synthesis during
oxidative phosphorylation have been isolated from
the chromatophore. These components have been
identified as vitamin K and coenzyme Q-7. De
spite the apparent simplicity of composition, each
chromatophore can produce :::::500 phosphate
bonds per min.

The chromatophore also offers advantages for
the study of the role and mode of action of the dif
ferent pigments; this is especially true for the re
lation between the accessory pigments, the carot
enoids, and the primary pigment, the bacterio
chlorophyll. The carotenoids are not essential for
the formation of ATP but can perform two func
tions. They can protect the bacteriochlorophyll
from photooxidation, and they can transfer energy
from lower wavelengths to the bacteriochlorophyll
for ATP formation. These two relationships are
effected by different mechanisms. The protection
merely requires the presence of the carotenoids;
energy transfer has the more stringent require
ment ofclose spatial relationships.

In the photosynthetic bacteria a major portion
of the carbon dioxide fixed in the light appears in
protein precursors rather than in storage carbo
hydrates. This observation has led to study of
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light-dependent protein synthesis and its relation
ship to ribose nucleic acid-containing structures in
both bacteria and various cellular constituents of
higher plants.

BIOCHEMISTRY

Structure of Proteins

To a considerable degree biological specificity is
an expression of the molecular structure of the
proteins. A rational exploration of the molecular
architecture of the proteins was beyond experi
mental reach until relatively recently, when ad
vances in methodology, particularly in the devel
opment of separation processes of high resolving
power, made possible an attack on some of the
simplest and (molecularly speaking) smallest
structures.

Research directed during the past six years to
ward the elucidation of the structural formula of
the enzyme bovine pancreatic ribonuclease has
now been completed. Ribonuclease is the first en
zyme for which it is possible to write a formula
showing all the covalent bonds in the molecule.
The ribonuclease molecule consists of a chain of
124 amino acid residues linked by peptide bonds,
and cross-linked by 4 disulfide bonds between the
8 cysteine residues in the chain. Simplified,
2-dimensional representations (such as that shown
in Figure 10) ignore the capacity of a molecule of
this kind to undergo an elaborate 3-dimensional
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folding brought into play by the existence ofother,
as yet poorly specified, interactions due to polar
groups, hydrogen bonding, and van der Waals
forces between different portions of the peptide
chain. This spatial arrangement (tertiary structure)
ofthe convoluted chain and ofthe individual amino
acid residues constituting it determine the ability of
the ribonuclease molecule to bind its substrate in
the specific orientation required to bring about
chemical interaction at the "active" center of the
enzyme. A great effort is now being made in this and
other laboratories to describe these phenomena
quantitatively for ribonuclease in terms of the in
formation provided by the known structure, and
thereby to obtain a more complete description
than has hitherto been possible of the mechanism
of an enzymatically catalyzed reaction.

The Active Site of Enzyme Action

It has been found that a common sequence of
3 to 6 amino acids is present at the active site in
several enzymes of widely different specificities.
Further, it has been found that histidine is also
present at the active site of these enzymes. The
histidine is probably located in a different but
neighboring chain of amino acids. The occurrence
ofcommon groupings in enzymes of very dissimilar
specificities suggests that these particular amino
acids are involved in bond-breaking and that
other amino acids are involved in the specificity
function.

A logical consequence of this conclusion is that
the specificity of an enzyme can be changed with
out destroying its catalytic activity. Preliminary
indications of this have been obtained. It has been
possible, for example, to develop proteolytic ac
tivity in crystalline phosphoglucomutase. Further
work to develop this correlation of protein struc
ture to protein function is in progress.

The above hypothesis of a separation of cata
lytic and specificity functions of amino acids has
been further reinforced by data which support a
new theory for enzyme specificity. The present
model is at variance with the classical theory pro
posed by Fisher in the early 1900's which stated
that the enzyme was a rigid negative of the sub
strate. Observations using isotopic criteria, pro
tein reagents, and temperature curves support the
notion that the substrate induces a change in the
protein conformation. As in the classical theory, it
is proposed that a close fit between enzyme and
substrate is required, but the new theory suggests

that this fit is obtained only after initial interaction
of substrate and enzyme and that the enzyme does
not exist in solution as a rigid negative of the small
substrate molecule. This theory not only explains
many data which are in conflict with the classical
template theory, but also gives a rationale for the
separation of the specificity and catalytic functions
of amino acids observed in the sequence work.

Muscular Contraction

The contractile protein, actomyosin, and the
energy source, adenosine triphosphate (ATP), are
both known to be involved in muscular contrac
tion, but the manner in which ATP transfers its
energy to the protein has eluded detecion. Evi
dence recently obtained by using Ql8-labeled
water provides a major clue to the mechanism of
this conversion of chemical to mechanical work.

When a contracting preparation of actomyosin
was treated with ATP in H 2 018, the inorganic
phosphate produced had an 0 18 content far in
excess of that predicted for simple hydrolysis of the
ATP. Tests showed that this was not introduced
by exchange with either the initial reactant, ATP,
or the final product, inorganic phosphate. It must
have been the result, therefore, of exchange with
an intermediate formed during the hydrolysis of
ATP. From similar experiments strong indications
were obtained (a) that the intermediate was in the
myosin portions of actomyosin; (b) that it was a
phosphoprotein, and (c) that actin reacted to dis
place the phosphate from the intermediate myosin
phosphate.

The highly purified system indicated has been
shown to be a good model of in vivo muscular con
traction by comparing it with the walking rate of
ants. Ants, which are cold-blooded, walk at a rate
that depends upon the temperature. Laboratory
test of the hydrolysis of ATP by actomyosin shows
an almost superimposable temperature depend
ence. This correlation of the in vivo system with the
highly purified artificial system gives strong sup
port to the argument that the purified system is
indeed a true model for muscular contraction and
that the chemical events occurring in this system
are the same as those occurring in living muscle.

Formation of Heme

The formation of heme, the prosthetic group of
hemoglobin, by duck erythrocytes as a function of
age of the cells after they enter the circulation has
been studied. A population of circulating red cells
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of increasing age was produced by whole-body
x-irradiation. The irradiation arrests red cell for
mation without apparent effect on heme synthesis
or the natural aging of circulating cells. It is prac
ticable to suppress cell formation almost complete
ly for 1 wk, or :=:::1/5 of the life span ofduck erythro
cytes.

The red cells as they enter the circulation form
heme at an appreciable rate, presumably in con
tinuation of processes initiated in bone marrow.
During a period of:=:::3 days after the cells enter
the circulation, the rate declines to a low level that
is maintained for the remainder of the 1-wk test
period. Although the actual formation of proto
porphyrin, the immediate organic precursor of
heme, decreases along with heme formation, the
capacity of the cells to make the porphyrin and,
further, the capacity to make heme from iron and
porphyrin are retained throughout the test period.
The decrease in the capacity of the cells to form
porphyrin arises from a change in the ability of the
cells to obtain glycine, an initial precursor, from
plasma. However, if sufficient glycine is provided,
the cells do make porphyrin, but not heme. The
primary factor involved in the decrease in heme
synthesis, therefore, appears to be the cells' abso
lute loss of the ability to obtain the necessary iron
from plasma.

BIOPHYSICS

Biological Effects of Cosmic Rays

There have been but few experiments, carried
out with the aid of balloons, on the biological ef
fects of the primary cosmic rays. The results of
these experiments seem at variance with expec
tations, and work has been initiated in an effort to
resolve this discrepancy. In conjunction with the
cyclotron group, a microbeam of deuterons has
been developed which can be directed very ac
curately. So far beam diameters of 25, 75, and
1000 P. have been used. Practically all the biologi
cal effects of a primary cosmic ray will come from
the secondary protons in the track, and the track
diameter of these secondaries is :=:::25 p.. Thus, the
smallest microbeam should simulate the biological
effects of primary cosmic rays, and the larger aper
tures should allow extrapolation to the usual radi
ation effects.

To date, the effects of the microbeams on the
brain and eye of the mouse and on corn seeds have

Figure 11. Anesthetized mouse in position to receive radi
ation to the brain from a microbeam of deuterons from
the 60-in. cyclotron. This causes a radiation effect very
similar to that believed to be caused by the primary
cosmic rays in outer space.

been studied. It has been found that to produce
a given histological effect in the brain with the
1000-p. aperture, :=:::25,000 rad is required; with
the 75-p. aperture, :=:::75,000 rad; and with the 25-p.
aperture, :=:::1,000,000 rad. Thus, enormous doses
are required if the volume of tissue involved is very
small. The work on cataract formation has not
progressed far enough to produce definitive results.
These preliminary results indicate that cosmic rays
may be much less damaging than has been sup
posed.

The work on corn seeds evolved from a study of
somatic mutations. A type of seed has been devel
oped which is heterozygous for a yellow-green
coloration in the leaf. If a mutation is produced
in a single cell in the corn embryo, it will be evi
dent in the growing seedling as a streak on the
leaf. If the cell is killed there will be a character
istic malformation of the leaf. From a knowledge
of the anatomy of the embryo it should be possible
to reconstruct the path ofdestruction of a primary
cosmic-ray particle. Seeds exposed to the micro-
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Figure 12. Corn leaf bearing somatic mutations caused
by irradiation of seed. The seed used is heterozygous for
the gene yellow-green (Yg' /,yg'). Loss of the dominant
factor is indicated by the yellow-green sectors that appear
in the developing leaves. The morphology of the embryo
in this seed has Deen well defined. Thus, the initial site
of radiation injury can be deduced from abnormalities of
development.

beam at the cyclotron have been sent up in a
rocket flight and in a satellite flight, but were re
covered successful! v only from the rocket flight.
The results of these exposures are not yet available.

Effects of Radiations on Enzymes

The use of radiation in the study of enzymes
and other proteins, although relatively recent, has
provided considerable information about composi
tion, stl-ucture, and mechanism of function. Under
study at present is the protein trypsin, an enzyme
that hydrolyzes both peptide and ester linkages.
It is not known whether the catalytic acti\'ities of
the enzyme are mediated at a single or multiple
sites. Earlier results suggested multiple sites: how
ever, further test indicates that the postirradiation
treatment of the enzyme determined these results.
It now appears that irradiated solutions of the en
zyme contain three kinds of enzyme molecules:
(1) active and presumably unaffected by the ir
radiation, (2) inactive but not irreversibly dam
aged, and (3) inactive and irreversibly damaged.
Elevated temperature or the protein denaturant
urea converts the second kind of molecule to the
inactive, irreversibly damaged form. In the pres
ence of substrate the second kind of molecule
is converted to the active form. An attempt further
to characterize the reversibly damaged enzyme
and its transfol-mation to the active or completely
inactive form is under way.

Delayed Radiation Effects in Seeds

It was reported last year that when dry seeds
are su bjected to ionizing radia tion the effect of the
radiation does not cease when the radiation ceases:
damage continues to be produced for hours and
even weeks afterward. It is usually assumed that
the free radicals produced in biological materials
by ionizing irradiation persists for only a fraction
of a second, but the continuing damage in seeds
suggests that the radicals persist for weeks. Pre
liminary experiments using the electron spin reso
nance technique seem to indicate the presence of
free radicals in irradiated barley embryos which
persist for the approximate length of time that the
damage continues to be produced. Furthermore,
neutron radiation does not produce this delayed
damage, and preliminary experiments indicate
that no free radicals are formed. If this can be sub
stantiated it will go far toward explaining the ef
fects of radiation on living systems.
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During Fiscal 1959 the research activities of the
Medical Department continued to expand through
intensification of investigations of many of its proj
ects. The results of adhering to an integrated pro
gram of research for the Department were exceed
ingly gratifying in that close interdependence and
interrelationship of investigations were obtained
without sacrificing the individual scientist's inde
pendence in determining the phase of his investi
gation which appeared most productive for study.
Observations made by colleagues not only fre
quently confirmed interpretations but also pro
vided insight into situations which provoked the
development of new hypotheses. Again the work
in the Medical Department provides an excellent
example of the interrelationship offundamental
research, applied research, and technological de
velopment as carried out by a group of skilled
scientists within a broad area of a related group
of scientific disciplines. It is clear that this report
cannot include all details of the investigations but
an attempt is made to point out the trends and
more significant observations which have been
completed. The various headings under which the
work is reported reflect certain operational group
ings within the Medical Department, and the en
tire program could with complete justification be
reported under an entirely different classification
system.

Cancer and Allied Diseases

Although the program of the Department is not
primarily that of research on cancer, its projects
are intimately related to the problems of cancer.
This is necessarily so since the use of radioactive
isotopes offers a most promising possibility for the
treatment of cancerous conditions as yet beyond
ordinary medical therapy. Furthermore, in at
tempts to utilize radioisotopes in this fashion, pre
cise testing of our ability to control the movement
of the radioactive isotope within the body is car
ried out. This knowledge is of the utmost impor
tance in the utilization of radioactive isotopes for
general diagnostic procedures. Finally, since can-
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cer may be provoked by radiation exposure, it be
comes not only of interest but of great moment to
the users of radiation and radioactive isotopes to
learn under what conditions and to what degree
these types of tissue experiences may lead to malig
nancIes.

REACTOR RADIOLOGY

Neutron Capture Therapy

One of the larger efforts in the Department is
the development of neutron capture therapy, at
present directed to the control of malignant intra
cranial neoplasms and the effects upon cell struc
tures of neutron infiltration. During the past year
a limited but carefully observed group of seven
patients received neutron capture therapy for ma
lignancies of the central nervous system. This
brings the total number of patients given this
treatment to 35. Six of the treatments were done at
the Brookhaven Graphite Research Reactor and
five exploratory probes were carried out at the
new Medical Research Reactor. These 11 experi
ences bring the total number of therapeutic runs
to 52. One patient received three treatment runs
at the Graphite Reactor and one exploratory
probe at the Medical Reactor, while another
patient received one treatment at the Graphite
Reactor and one exploratory probe at the Medical
Reactor. These are the first multiple-run observa
tions to be made since 1954. The patient who re
ceived four runs was infiltrated with as many
thermal neutrons during the last procedure, which
was the Medical Reactor probe run alone, as any
previous patient had received in his total thera
peutic experience; for the entire series of treat
ments this patient received to the central nervous
system a total neutron exposure far in excess of
that received by any other person with localized
neutron exposure on whom data are available.
This very large thermal neutron infiltration of the
brain of >1.3X 1015 over an area of:::::: 100 cm2 did
not result in any detectable functional change. In
all instances sodium pentaborate was used as the
carrier vehicle for boron and was administered in
a glucose solution providing a molar ratio of 1 M
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glucose to 2 M pentaborate. Boron doses for this
group of patients were very much lower than for
any previous group. The first patient of the series
received 50 mg B'O per kg body weight, and an
other received 38 mg BIO per kg body weight. All
the other patients received :::::::35 mg BIO per kg
body weight, which was found to be a very effective
dose level.

Initially the procedure used was that developed
during the preceding study period for the third
series of patients. In this procedure the B'O com
pound is infused into the ipsilateral internal ca
rotid artery at a rate providing an estimated arte
rial concentration of650 mg/Blo per liter of blood
during the entire period of injection to a total body
dose previously set. Concomitant with administra
tion over an interval up to 10 min, neutron infil
tration was carried out for a 10-min period. In
the previous 10 patients such a maneuver had suc-

cessfully eliminated skin complications without
apparently lessening effectiveness of the thera
peutic procedure by the criteria used at the time.
All previous studies were done in the Graphite
Reactor with natural uranium fuel elements. Prior
to initial treatment of the present series of patients
the fuel elements were changed to enriched ura
nium. The first and third patients in the present
series of patients were treated by the technique
used during the third series, and to our dismay
developed skin lesions similar to those in the sec
ond series patients. These two patients showed no
differences from the second patient in the present
series, who was treated by the intravenous route
used in the second series of patients. Instrumenal
studies had shown no significant changes in neu
tron flux as a result of using enriched uranium
fuel. The other five treatments done at the Graph
ite Reactor were carried out after intravenous ad-

Figure 1. A scene during one of the last treatments to be carried out
at the Brookhaven Graphite Research Reactor.
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ministration but at delayed times which animal
studies had suggested might result in more effec
tive control of the tumor. Two patients were
probed with the Medical Reactor after a flap of
skin had been turned back to eliminate this
troublesome skin complication. This modification
appears to be successful. Three patients were
probed with the Medical Reactor without turning
back skin flaps; two had received treatment in the
Graphite Reactor, and one had an infection which
precluded surgery. Skin lesions developed in one
patient; the other two had skin lesions from a pre
vious treatment in the Graphite Reactor, and as
previously noted there was no exacerbation of the
skin lesion from the additional neutron infiltration.
It thus appears that under the timing procedures
now in use human skin may act as a sensitive indi
cator of boron-thermal neutron interaction which
can be observed to result in killing of the cell.
These skin reactions indicate that some sort of
change in the energy spectrum of neutrons was
associated with the shift to fuel elements of en
riched uranium, although available instrumental
evaluation failed to indicate significant differences.

In one patient receiving an exploratory probe
with the Medical Reactor, conjunctival lesions
developed which were interpreted clinically as evi
dence of a higher fast and intermediate energy
neutron flux than was expected. Subsequent in
vestigation showed that indeed this was the case.
This has resulted in further engineering studies
that we may be more certain of effecdve neutron
energy attenuation to the desired range. The pres
ent procedure appears to be much more effective
than any previous modification. Until all observa
tions in patients who were treated have been com
pleted no estimate of advantage can be given.

Estimation of Activation as a Measure
of Neutron Infiltrotion in Patients

Treated With Neutron Capture Therapy

All five patients receiving trial probes in the
Medical Reactor were observed in the whole-body
counter immediately following the neutron cap
ture therapy procedure to determine the resultant
activation. Sodium, chloride, and calcium peaks
were readily demonstrated. The induced activity
bears some relation to exposure. To date, the data
have not been carefully scrutinized to determine
what specific additional information they may
yield. However, it is clear that the measurements
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do provide a measure ofeffective tissue infiltration
by neutrons. This procedure will be developed fur
ther after extensive analysis of the present data
with particular reference to utilization of the de
gree of activation as a measure of neutron expo
sure.

Histology of Patients' TiHues
Infiltrated With Thermal Neutrons

In general studies on the efficacy of neutron
capture therapy and the effects of thermal neu
trons on the structures of the central nervous sys
tem, a systematic examination is under way of
serial sections of all patients treated who came to
autopsy and of a number ofcomparison specimens.
We have continued the celloidin embedding of
brains obtained at autopsy from patients treated
with neutron capture therapy. These specimens
are being cut and stained with a variety of prep
arations for careful histological study. Any possible
effect of the neutron capture procedure in either
the neoplasm or the uninvolved portion of the
brain is being sought by the joint efforts of the
clinicians, neuroanatomists, and pathologists par
ticipating in this study. Originally it was believed
that the preparation of the 27 specimens would be
completed by June 1959, but procedural delays
intervened so that another three months of pre
paratory work remain. Until all the specimens are
available for comparative study, little can be said
about these data. Slides are being prepared as
rapidly as possible and study is progressing so that
publication will not be further delayed.

Of the eight patients treated during the period
covered by this report all remain alive except one.
The specimen obtained at autopsy is being pre
served until plans for study of the entire group
have been completely formulated. It is planned to
follow a somewhat different pattern of histological
study for these specimens, since the primary ques
tion involves the effects of increased neutron infil
tration and decreased time of treatment. The fact
that mixed neutron energies were present during
treatment of these patients further alters the sig
nificance of the histology and makes these speci
mens not strictly comparable to the previous ones,
for which the neutrons present were. predominant
ly thermal.

In contrast, during the past year the effects of
neutron capture therapy on a hemangiosarcoma
have been studied fairly extensively by biopsy.
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Figure 2. Photomicrograph of a biopsy of a malignant
vascular neoplasm of the cerebellum of an II-year-old
child taken prior to neutron capture therapy, showing the
cellular pattern of the profuse proliferation of viable
neoplastic cells.

Figure 3. Photomicrograph of a biopsy from the same
patient of the residual neoplasm 77 days after neutron
capture therapy, showing marked destructive radiation
effect with necrosis of practically all the original neoplastic
cells in this area.

This tumor was treated with a total of 8000 r of
x-rays before the patient came to Brookhaven.
Pretreatment and postreatment sections are avail
able. The tumor was quite resistant to x-irradia
tion, but after neutron capture therapy it showed
complete destruction of neoplastic ce)Js within the
radiation area and sharp borders delineating the
portions of solid tumor within and without the
port exposure area. In conjunction with the very
extensive histological damage to the tumor, sur
prising and most encouraging clinical improve
ment was noted in the patient. This is the first
tumor treated in accordance with a projection of
data from a recent summary of effects in mice in
controlling an experimental transplantable tumor.
It appears that, under the conditions used and
within the limitations noted, mouse tumor experi
ence may be pertinent for human tumor control.

Neutron Capture Therapy Procedures
Experimentally Tested

With a Transplantable Tumor

During the past year the studies have dealt
chiefly with a further delineation of the param
eters for effective tumor destruction. It has been
shown quite satisfactorily that the tumor-normal
tissue ratio of the target element is of little or no
significance in affecting the outcome. As part of
this study, the effectiveness of sma)Jer doses of sodi
um pentaborate was explored, and it was found
quite clearly that a dose of 25 mg as B '" per kg ob
served body weight did not significantly differ in
effectiveness from a dose of 50 mg B'll per kg body
weight. Each dosage under similar conditions
achieved a 96 to 100% cure rate. This is an ex
tremely large reduction from the 200 to 250 mg ..
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as BIO per kg doses formerly believed necessary. It
became clear, however, that the pharmacological
action of boron was not alone in permitting this
decrease in boron dose, but that the time of start
of neutron infiltration following the boron injec
tion as well as the number of thermal neutrons in
filtrating were critical factors. In all these studies a
positive result was recorded only when a tumor
which had grown to at least 7 mm in diameter
after implantation into muscle disappeared com
pletely following treatment and there was no re
currence over a period of 12 mo. In view of the
life span of the mouse, this time interval ofeffective
control can tentatively be described as "cure." It
is noteworthy that none of the animals receiving
this treatment successfully developed any tumors
elsewhere or in the region of neutron exposure,
despite the very significant number of neutrons
infiltrating the tissue. Various geometrical arrange
ments of shielding and reflectors were studied to
be able further to translate this experimental
study into clinically useful information. This was
tested on several occasions in patient treatment
and found to be both applicable and helpful. Since
all this work was done in the Graphite Reactor,
the spring months were taken up with an endeav
or to do comparable studies on the Medical Re
search Reactor. Results from the two reactors
differed significantly. This is in complete agreement
with clinical observations and further emphasizes
the need for more engineering study of the Medi
cal Reactor. However, the results of experimental
studies on 3000 mice during the past year have
given us firm confidence that under appropriate
conditions invasive tumors can be destroyed be
yond any recurrence without damage to contigu
ous normal tissue. During the coming year, these
and other parameters will be vigorously studied
when the modifications of the Medical Reactor are
completed so that the emergent neutron stream
has the correct composition of various energies
and is satisfactorily free of gamma-ray contami
nations.

Pharmacology of Target Elements
for Neutron Capture Therapy

The development of neutron capture therapy
requires not only a suitable thermal neutron
source but also precisely placed target element
atoms. The three elements of greatest promise in
this procedure, namely Li6

, B10, and fissionable
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uranium, all have toxicological properties and in
none has the pharmacology been intensively de
veloped. It is a continuing program in this De
partment to study these elements with the greatest
emphasis placed upon boron compounds. The
study oflithium compounds is given much less at
tention, while uranium compounds are given only
passing attention. In the years past, sodium penta
borate has been developed in this Department as
the best vehicle thus far available for a BIO carrier.
By using it, satisfactory control has been accom
plished with an experimental tumor. This has not
lessened interest in organo-boron compounds but
has decreased the urgency of the need for them
and thereby permitted a more logical approach to
be developed. Numerous significant drug inter
relationships have been the outcome of this effort,
which has profoundly modified some of the clinical
procedures initially used. These include the use of
a glucose solution providing the proper glucose
boron molar ratio and the use of Chlorpromazine
as a tranquilizer during the treatment procedure
as well as the interdiction of morphine and other
respiratory depressants. Some of the studies car
ried out during the past year are briefly summa
rized below.

Acute toxicity studies employing Swiss mice are
currently still in progress. The inhibitory effect of
n-glucose on the acute toxic response of several
lithium borates is being investigated. The com
pounds under investigation are lithium penta
borate decahydrate, lithium tetraborate trihy
drate, lithium metaborate dihydrate, and lithium
metaborate octahydrate. Several preliminary ex
periments for the purpose of establishing dose
ranges have been completed on each compound.
Sufficient data have been collected on lithium
pentaborate decahydrate and lithium tetraborate
trihydrate to suggest that the least toxic molar
ratio is 1:0.5 for lithium pentaborate decahydrate
(1375 mg/kg) and n-glucose, and 1:1 to 1:2 for
lithium tetraborate trihydrate (950 mg/kg) and
n-glucose.

The determination of the water solubility and
the effect of n-glucose on the water solubility of
several organo-boron compounds (phenylboronic
acid, diethylamine benzeneboronic acid, chloro
vinylboronic acid) are currently in progress. These
studies are being conducted for saturated solutions
at 26° and 46°C and for supersaturated solutions
at 46°C with and without different molar amounts
of n-glucose.



Figure 4. Preparation of the patient in the
operating room for neutron capture therapy.

Figure 6. Positioning the head with respect to the exit frame
of the treatment cone of the Medical Research Reactor.

Figure 5. Boron injection in progress, showing the apparatus,
devices, and personnel needed for this procedure.
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Figure 8. Reactor radiologists
reach ing agreement on a fi
nal point of procedure before
opening the shutler of the
Medical Research Reactor.

Figure 9. "iew of the patient in the treatment room of
the Medical Research Reactor immediately after com

pletion of the procedure.

Figure 7. Medical Research
Reactor control panel.
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Pathologic Effects
of Thermal Neutrons and of the Heavy Particles

From the Bl0(n,a)LF Reaction on Pig Skin

This investigation was undertaken because skin
lesions have irregularly caused vexing complica
tions in the treatment of patients with intracranial
neoplasms. It was not clear whether the capture
reaction by boron or some other factor was respon
sible for the skin lesion. The fact that some control
was effected by plastic shielding further compli
cated the picture. In this instance, the pig was se
lected because its skin, utilized as the tissue of ref
erence, is histologically similar to that of man. The
animals were sacrificed following neutron infiltra
tion at 15, 24, 25, and 112 days. The pigs received
a neutron exposure through a lOX 10-cm port.
The total skin surface neutron exposure was
5 X 10 '2 n/cm 2

• The boron dose given intrave
nously as sodium tetraborate or sodium pentaborate
ranged from 25 to 45 mg/kg body weight. A skin
lesion was uniformly provoked with sharp margins
corresponding to the limits of the treatment port.
The lesion, except in one animal, appeared to be
identical with that observed in patients and could
not be produced by neutron infiltration alone. The
skin when examined histologically showed patho
logic alterations characterized by areas of atrophy
and of epidermal and dermal necrosis in those ani
mals sacrificed in the earlier time periods, and by
deep ulceration with a heavy granulation tissue
base in the animal kept alive the longest.

Transfer of Sugars Through Cell Membranes

The effectiveness of glucose in specific concen
trations in reducing the toxic effect of inorganic
boron compounds and the failure to demonstrate
that this is the result of complex formation have in
creased the need to know more about glucose
transport. Since it appears that boron acts as a
noxious biochemical agent, the mechanism ofcell
penetration by glucose becomes of considerable
practical import.

(J) Kinetics of sugar transfer systems: New theo
retical calculations derived from alternative cur
rent interpretations of kinetic data on net sugar
transfers in the red cell have led to a previously
unrealized application of isotopic tracer methods,
providing decisive means for discriminating be
tween the proposed hypotheses. Previous kinetic
studies in this area have all dealt with net transfers
in response to gross concentration gradients. The

saturation kinetics found with n-glucose and re
lated monosaccharides has been attributed either
to operation of a special sugar carrier system or to
nonspecific depression of cell permeability by sur
face alterations at high sugar concentrations. The
latter hypothesis predicts a tracer glucose ex
change rate which is only a small fraction of that
predicted by carrier theory. Therefore, C 14-glucose
equilibration in both directions was studied in
thick suspensions of human erythrocytes. The
speed of tracer equilibration in comparison with
the speed of net transfer was 50 to 100 times
greater than would be found in a diffusion process;
these high fluxes are consistent with the carrier
theory, provided that a glucose-carrier affinity ap
preciably higher than that previously estimated is
assumed.

(2) Molecular specificity in sugar transfer sys
tems: The probable extension of the conforma
tional type of biological stereospecificity discovered
in the human red cell to other monosaccharide
transfer systems was investigated, with special at
tention to the mouse Krebs ascites tumor cell. This
cell is not adaptable to the 0rskov densitometric
procedure used for the erythrocyte studies, and
appropriate chemical methods have been devel
oped for improved quantification of the partial re
sults reported from other laboratories. Estimation
of the specific carrier constants in this cell, which
will permit consideration of the correlation with
molecular conformational stabilities, is beginning.

The related problem of the reversible combina
tion of these systems, in erythrocytes and ascites
tumor cells, with phloretin, stilbestrol, hexestrol,
and other such diphenolic competitive inhibitors,
has been extensively studied. Various correlations
have been drawn with respect to minor rearrange
ments in these diphenolic molecules and altera
tions in the composition of the medium, as factors
in the degree to which the agents become fixed to
the cells. These considerations may assist in identi
fication of the reactive groups in the presumed
carrier, a matter which has thus far defied attack
in several laboratories.

TRACER METHODOLOGY

Radioactive Tracers in Studies
of Protein Metabolism in Cancer

The present researches are an extension of
clinical-pathological investigations that originated
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elsewhere several years ago. The original and still
current objective is a study of certain of the prop
erties and functions of the serum proteins in neo
plastic diseases. Should any characteristic(s) exist
for a given protein fraction distinguishing it from
a similar fraction in normal subjects or those with
various nonneoplastic diseases, a basis might be
established for a diagnostic test for cancer. The
previous principal approach in this long-range
study has been a detailed investigation of the
physicochemical nature of human crystalline albu
min and of human globulins utilizing techniques
involving immunochemical procedures, electro
phoresis, ultracentrifugation, and infrared spectros
copy. These measurements did not yield results
useful in the diagnosis of cancer or of the prognosis
for the patient with known cancer. For this reason
attention has been centered on a further approach
to this problem through observations on the turn
over of radioactively labeled proteins in neoplastic
diseases.

Turnover of Labeled Globulins as Correlated With
Serum Electrophoretic Pattern in Multiple Myeloma

Hyperproteinemia constitutes an aberration in
protein metabolism commonly found in multiple
myeloma and is associated with a serum compo
nent usually migrating with the mobility of beta
or gamma globulins. The electrophoretic pattern
of the serum from 18 cases of multiple myeloma
has been correlated with their rate of turnover of
P3I-labeled gamma globulin isolated from normal
individuals and those with multiple myeloma. The
electrophoretic homogeneity of the globulin prep
arations used was determined in the Tiselius ap
paratus to be better than 95%. The biological half
time for the gamma globulin prepared from sera
of patients with multiple myeloma had a mean of
13.9-+-1.6 days in the beta type, and 7.2-+-0.6 days
in the gamma type. It is apparent from these half
times that the rate of degradation of these globu
lins is far more rapid for the patient with excessive
gamma globulin in his serum protein distribution
than for the individual with excessive catabolism
of gamma globulin and the presence of a circula
tory abnormal component with similar electro
phoretic mobility.

Biological Half-Time
of Labeled Globulins in Carcinoma of the Breast

The biological half-time oflabeled globulins pre
pared from sera of normal subjects and from sera
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of various patients with neoplastic diseases has
been determined in 14 patients with carcinoma of
the breast and 18 patients with multiple myeloma.
In the latter disease it has been observed that, in
patients with a beta type serum electrophoretic
pattern, the turnover of globulins is much slower
than in those with a gamma type peak. The pur
pose of this study was to determine whether pa
tients with breast carcinoma identify by turnover
a difference between gamma globulins fraction
ated from sera of normal individuals and those
fractionated from sera of patients with carcinoma
of the breast, carcinoma of the prostate, and multi
ple myeloma. If such a difference existed, it could
conceivably be of assistance in both diagnosis and
prognosis. In general, the turnover for the globu
lins from normal, breast, and prostate sources was
slower than for the globulin from myeloma pa
tients. Thus, in carcinoma of the breast the range
of the biological half-time was 9.0 to 12.4 days,
and for multiple myeloma gamma globulin, 3.9 to
7.7 days. With advancement of disease the turn
over of the carcinoma of the prostate globulin ap
peared to be accelerated. The increased catabo
lism of the proteins with progression of disease may
account for the debilitation of the patient at this
stage of the disease.

Studies of Cell Proliferation
in Human Tumors Using Tritiated Thymidine

The use of tritiated thymidine in the study of
DNA synthesis and proliferation of cell popula
tions has been extended to human neoplasms.
Thus far, four human tumors have been studied
autoradiographicallY following in vivo labeling
with tritiated thymidine. These consisted of two
malignant tumors, a glioblastoma multiforme and
a carcinoma of the breast; and two benign tumors,
an ovarian serous cystadenoma and a spermatic
cord leiomyoma. Tumor cells readily incorporated
tritiated thymidine. The histologic cell types en
gaged in DNA synthesis were studied. By counting
the fractions of tumor cells labeled, the generation
or cell doubling times for the various populations
were estimated. Doubling times in benign and ma
lignant neoplasms were similar and of the order
of months. This was in striking contrast to other
studies carried out on hemopoietic tissues, which
had generation times of 20 to 30 hr. Additional
neoplasms will be added to this series and studied
by both in vivo and in vitro thymidine uptake as
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rapidly as the availability of suitable patients
permits.

Time Parameters of the Proliferative Cycle
in a Chemically Induced Mouse Tumor

The detailed study of the time parameters in
cell proliferation using tritiated thymidine requires
serial autoradiographic examinations following
injection. Since this had not yet been possible in
the case of human tumors, a series of mice bearing
transplanted, undifferentiated, malignant neo
plasm was investigated. The original tumor had
been chemically induced. Nine days after trans
plantation, mice were injected with tritiated thy
midine and sacrificed at hourly intervals. Twenty
five percent of the tumor cells were labeled. Cells
entering mitosis were labeled between 1 and 2 hr
after injection, and mitotic figures were again un
labeled between 8 and 9 hr after injection. This
indicated that the duration of DN A synthesis is
;::::; 7 hr, a value consistent with that reported for
HeLa cell cultures. The generation time calcu
lated from these data is 24 hr, 50 times faster than
that of the human tumors studied. The wide varia
tion in the rate of cell division among different
tumors shows the need for further study as well as
correlation with cell type and response to radiation
and chemotherapy.

The Temporal Relationships
of Desoxyribonucleic Acid Synthesis
to Mitosis and the Generative Cycle
in Human Cancer Cell (HeLa) Cultures

The temporal relationships of desoxyribonucleic
acid (DNA) synthesis to mitosis and turnover time
in human cancer cell (HeLa) cultures have been
investigated. H 3_TDR has been used as a specific
tracer for DNA synthesis. These studies have
yielded valuable information concerning the vari
ability in cell DNA synthetic time within different
populations of mammalian cells. The DNA syn
thetic time, the resting phase between DNA syn
thesis and mitosis, and the postmitotic resting
phase for HeLa and the HeLa S3 clone cells have
been determined. In comparing the aspects of
DNA physiology of S3 and HeLa cell cultures, the
latter have repeatedly shown the persistence of a
very small percentage of cells with extremely long
DNA synthetic time. The use ofH3-TDR to trace

the events in the DNA cycle of mammalian cell
cultures appears to have many possibilites. Infor
mation obtained thus far is serving as a model for
experiments testing the effects of external irradia
tion on DNA synthesis.

Radioactive Isotopically Labeled Cells for
Predictions of Life Span, Functions, and Progeny 
Kinetics of Hematopoietic Blood Cell Proliferation

For the past two years H3_TDR has been used
to label DNA of proliferating cells in the study of
cell turnover in patients without hematopoietic
disorders and in individuals with malignant neo
plastic blood diseases.

These studies are continuing as suitable clinical
material becomes available. Tentative time pa
rameters have been established for the generation
time of the erythroid series (;::::;20 hr), and the neu
trophilic series (;::::;18 hr), and for average stay of
neutrophiles in the peripheral blood (maximum
of2 days).

In leukemias and multiple myeloma, the be
havior of the normal segmented neutrophile is
identical to that in the normal individuals. How
ever, in patients with chronic lymphocytic leu
kemia, chronic myelocytic leukemia, and multiple
myeloma, the pathological cell has a much slower
turnover rate than its normal counterpart. In the
terminal blast crisis of chronic myelogenous leuke
mia, the labeling index and estimated production
rate of the leukemic cell begins to approach normal
myeloid production rates. The tentative prelimi
nary conclusions are that in the chronic leukemia
the expanding mass of neoplasm is in part due to a
longer life span of cells with no useful function,
which thus act like parasites. Under these condi
tions the leukemic cell is spending a smaller frac
tion of its life span in DN A synthesis or mitosis;
hence chemical agents selective for mitosis or DNA
synthesis, unless there is selective uptake in the
neoplasm, will do more damage to the normal cells
in the essential renewal systems than to the neo
plasm. If this tentative conclusion is shown to be
correct, the rationale of cancer chemotherapy will
be on a hazardous basis.

Metabolism of H3-Thymidine
and H3-Labeled DNA

As part of the over-all investigation with H3_
thymidine as a label for DNA of proliferating cells
in in vivo and in vitro systems, H3-thymidine fate

..
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and metabolism were studied following intrave
nous injection in selected patients with and without
neoplasia. All patients were beyond reproductive
ages and judged to have short life expectancies.

In two control patients with normal hematopoi
esis, H 3-thymidine very rapidly cleared the plasma
and distributed in a volume as large as total body
water within a few minutes after injection. Label
ing of proliferating cells was rapid and accounted
for prompt incorporation of H 3-thymidine into
newly synthesized DNA. Concurrent with H3_
thymidine incorporation there appeared increas
ing amounts of THO which accounted for ::::::25 to
35% of the injected H 3. THO formation became
maximal by approximately 12 hr after injection
and then ceased. The residual THO was excreted
and diluted with a biological half-time of9 to 12
days. No new added increments of THO were
formed subsequently, which suggests stability of
labeled DNA. While plasma nonvolatile H3 ac
tivity (NVH3A) during the first few minutes after
injection behaved as H 3-thymidine in solvent par
tition, the distribution of residual plasma NVH3A
at 15 to 30 min was more like that of thymidillic
acid or other more hydrophilic compounds. H 3_
BAIBA, a product of thymine degradation, was
identified as the major NVH3 compound in urines
from these patients within the first hours after in
jection and indicated that:::::: 1 to 5% of injected
H3-thymidine is promptly hydrolyzed to H 3_
thymine and thence to H 3-BAIBA. Urine NVH3
was maximal during the first day and eventually
disappeared. From these studies it appears that
::::::75% ofH3-thymidine is rapidly concentrated by
proliferating cells which are synthesizing new
DNA; the rapid uptake of these cells markedly
endorses the value of studies of cellular prolifera
tion and dynamics of labeled cell populations. Of
some interest was the repeated absence of NVH3

in stools, which suggests reutilization or degrada
tion to THO of desquamated labeled cells.

Similar results have been obtained in patients
with various leukemias. There have been no clini
cally detectable signs of radiation from H3-thymi
dine injection.

Interest in DNA-thymine degradation prompted
studies of urine BAIBA excretion in a group of
patients accidently exposed to radiation at Oak
Ridge. Urine BAIBA was estimated by paper
chromatography of urine specimens after desalting
on resin columns. BAIBA excretion was elevated
above normal in these patients, and the amounts
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excreted agreed very closely with radiation dose
estimates. Similarly in a group of dogs experimen
tally radiated, increases in urinary BAIBA excre
tion were prompt and appeared related to dose.
Further studies regarding the source ofBAIBA ex
cretion are under way.

Elevated BAIBA excretion has been reported
in some patients with leukemia and malignancy.
Serial studies of BAIBA excretion were carried out
on a group of patients at this hospital. High ex
cretion ofBAIBA was noted in patients with vari
ous leukemias and appeared to be related to the
mitotic index of their bone marrow. Urine BAIBA
excretion was also measured in a group ofpatients
with malignancies, sprue, and other conditions. It
is hoped that a simpler method of urine BAIBA
measurement may be found. Plans are under way
to evaluate a high-voltage paper electrophoresis
method.

By using liquid scintillation counting of H3, it is
possible to evaluate the percent of H3-thymidine
catabolized to THO and to evaluate NVH3A ex
cretion in the urine. A group of guinea pigs and
rats has received H3-thymidine injections. Control
animals catabolize ::::::25% of H 3-thymidine to
THO within 6 hr, and small amounts of NVH3A
are excreted in the urine. In animals which have
been radiated a day previously, and therefore
damaged, greater amounts of H 3-thymidine are
catabolized to THO and urine NVH3A, which
suggests that total DNA synthesis is impaired fol
lowing radiation, with resultant increased shunt
ing of H 3-thymidine to catabolic paths. However,
when animals whose cells had been labeled with
H 3-thymidine a day before were irradiated, in
creased amounts of NVH3A appeared in the urine,
which suggests that radiation destruction of cells
liberated labeled DNA which was degraded.
These preliminary investigations suggest either that
H 3-BAIBA may arise from shunting of unused
thymidine to a degradative pathway or that some
H 3-BAIBA can arise from the death of tritium
DNA-labeled cells.

In Vitro Studies Using Tritiated Thymidine

Incubation of hematopoietic and other tissues
with H3-thymidine in vitro results in incorporation
of the labeled material into the nucleus of the cell
in the process of DNA synthesis, detectable by
means of stripping-film autoradiography. This
technique allows estimation of the proliferative
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potential of individual cell types without the neces
sity of giving H 3 -thymidine to the patient or
animal.

In myelocytic leukemia, leukemia cells in the
blood label in general to the degree expected from
study of their normal counterparts. In chronic
lymphocytic leukemia there is an increased num
ber of labeled mononuclear cells in the blood;
however, the small typical leukemia cells do not
label. Similarly, the tumor cells of patients with
multiple myeloma do not label appreciably. In
normal human beings it has been found that a
small percentage of large mononuclear cells label
normally in the peripheral blood. Smalllympho
cytes do not label. In normal marrow, red cell pre
cursors (except the orthochromatic normoblast)
and myeloid precursors (except the metamyelo
cyte) label heavily by this technique. These find
ings indicate that the tumor cells in chronic lym
phocytic leukemia or in multiple myeloma are
probably long-lived, and do not constitute rapidly
proliferating tissues.

The method is being used to test the possible
effects of drugs used in leukemia on DNA synthe
sis. Cells have been inoculated with the drug in
question and H·3 thymidine, and the effect on the
percent labeled cells and the intensity oflabel has
been noted.

Mitotic Index of Human Bone Marrow

The mitotic index of human bone marrow is
determined by counting the number of mitoses
among 5000 nucleated cells in Feulgen-stained
squash preparation of bone marrow particles. Nor
mal values with this technique are 9 -+-1 mi toses/
1000 cells. Increased mitotic indices were found in
polycythemia vera, whereas the mitotic index is
low in chronic lymphocytic and myelocytic leu
kemias and in multiple myeloma. After accidental
whole-body irradiation in the sublethal range the
mitotic index was low on the fourth da¥ after ex
posure, the decrease being roughly dose depend
ent. Four months after irradiation the mitotic in
dex had reached values above normal range. The
study of the irradiated individuals is being contin
ued.

Pending studies include the possible diurnal
variation of the mitotic index and the determina
tion of the ratio of erythroblasts; leukoblast mito
sis in normals and in hematologic patients. Pre
liminary results indicate that this ratio is ~2: 1 in

normals, increases in polycythemia vera, and de
creases in the leukemias. The mitotic index of a
given cell line can be used for calculations of the
turnover or generation time of these particular
cells. Such estimates are considered to be valuable
in the physiology and pathology of hemopoiesis.

Treatment of Polycythemia Vera
With Myleran

The crippling or lethal complications of poly
cythemia vera are thrombosis, hemorrhage, or
conversion to leukemia or myeloid metaplasia.
The tendency towards thrombosis can be combat
ted by keeping the hematocrit and platelet count
at normal levels. In the past this has been done
successfully with administration of PI". It is de
batable, however, whether this does not increase
the risk of development of leukemia. In view of
this and in order to simplify the treatment of poly
cythemia vera, a series of 10 patients with poly
cythemia vera have been intermittently treated
with Myleran. It is premature to attempt a final
evaluation, since the longest observation period is
only seven months. It appears, however, that
Myleran is very effective in reducing the platelet
count. Its effect on erythropoiesis is far less pro
nounced, so that phlebotomies have been neces
sary in some instances. No side effects have been
observed with the dosage (2 to 8 mg daily) used.
Further "resistance" to Myleran has not been en
countered. The study will continue.

Vitamin and Amino Acid Metabolism
in Neoplasia

Another area of tracer study which has received
considerable attention the past year is cancerous
vitamin and amino acid metabolism in neoplastic
disease. While clinical studies have not yet been
completed, satisfactory methods of synthesis of key
tracer compounds have been developed.

Synthesis of C I4 ·ring-Iabeled hydroxyanthranilic
acid: Earlier experiments with carboxyl-labeled
3-hydroxyanthranilic acid had shown that it was
metabolized rapidly to carbon dioxide and that it
was converted to quinolinic acid and the vitamin
niacin (nicotinic acid).

The recent evidence that 3-hydroxyanthranilic
acid exhibits carcinogenic activity in producing a
mouse bladder tumor has made it more essential
to establish the structure of the intermediate com-
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pounds in the pathway from 3-hydroxyanthranilic
acid to the products quinolinic acid and niacin.
Such a study required the preparation of ring
labeled 3-hydroxyanthranilic acid.

3-Hydroxyanthranilic acid-l-C 14 and 5-hy
droxyanthranilic acid-l-C14 have been synthesized
from anthranilic acid-l-C 14

• They are obtained
mixed together in the sulfuric acid hydrolysis re
action. They were separated from the reaction
solution as a mixture of the two compounds, and
then separated by resin column and paper chro
matography.

Metabo'ism of 3-hydroxyanthrani'ic acid-l-CI4:
Studies are in progress on the metabolic products
of 3-hydroxyanthranilic acid-l-C14. Earlier work
by collaborators had shown that the 7a carbon of
tryptophan is metabolized to CO2 (35% of injected
C14) via the carbon one (7a) of acetate.

If 3-hydroxyanthranilic acid were an intermedi
ate in this degradation, as it is in the niacin syn
thesis, the position 7a of 3-hydroxyanthranilic acid
should give rise to the 7a carbon of acetate, and
presumably position 3a of 3-hydroxyanthranilic
acid should give rise to 3a of acetate. When 3
hydroxyanthranilic acid-l-C14 was administered
to rats, ;::::;25% of the injected C14 was expired as
C 140 2 within 12 hr. Acetate obtained by injection
of the trapping agent, cyclohexylalanine, and col
lection of N -acetylcyclohexylalanine-C14 in the
urine showed that the carbon 3a of 3-hydroxy
anthranilic acid is converted to carbon 3a of ace
tate. This C14 in the isolated acetate represents
about 25 to 35% of the injected 3-hydroxyanthra
nilic acid-C14. Experiments with 3-hydroxyan
thranilic acid labeled in both carbon 3a and the
carboxyl group showed that the carboxyl group is
not a precursor of carbon 7a of acetate. These re
sults demonstrate a new source of acetate in the
body, and they are consistent with the view that
the major pathway of degradation of the indole
nucleus of tryptophan is via 3-hydroxyanthranilic
acid.

labeling tryptophan and kynurenine with trit
ium: High specific activity tritium-labeled trypto
phan and kynurenine are required for the study of
amino acid metabolism in neoplastic disease pa
tients. The Wilzbach tritium gas exposure tech
nique was used to label L-tryptophan and DL
kynurenine.

One gram of L-tryptophan was exposed to 2
curies of tritium gas at room temperature and 0.39
atmos for 2 wk. Upon removal of the sample from
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the labeling train the L-tryptophan showed an ac
tivity of21 mC/g compound. Chromatography
and radioautography showed the presence offour
additional components. All four impurities in the
L-tryptophan were removed by successive treat
ment of the L-tryptophan on resin columns and
several recrystallizations from 33% ethanol. How
ever, the purified material showed a much lower
specific activity of 0.5 f.tC/mg. Apparently only 2%
of the tritium in the tryptophan molecule is bound
tightly enough to survive the purification proce
dure. Similar observations were made with the
labeling of DL-kynurenine. Kynurenine coming off
a labeling train had a specific activity of 60.3
mC/mm, and after purification procedures the
product had a specific activity of 1.06 mC/mm.
This represented only a 1.76% recovery of the trit
ium initially present in the kynurenine. Other trit
ium labeling procedures are being tested on these
compounds in order to obtain material of higher
specific activity.

RADIATION CARCINOGENESIS

The observation that neoplasia is frequently
found in animals exposed to radiation suggests that
in some manner radiation may induce neoplasia.
This field has received attention primarily in the
area of x-rays and gamma-rays. In this area previ
ously existing work has been considerably ex
tended on the frequency of neoplasia following
various gamma-ray and x-ray exposures. Thus far
no studies on neoplasia induction have been car
ried out using radioactive isotopes which might be
incorporated into mammalian tissues for varying
time intervals.

Carcinogenesis in Rats
Following Gamma-Ray Exposures

A 2-year study of90 female rats, completed this
year, gave the following results: Animals given 400
r of total-body gamma radiation had a mean life
span of ;::::; 14 mo and a final incidence of breast
neoplasms of90%. Corresponding results for 200 r
were 15 mo and 64%, and for nonexposed control
rats, 19 mo and 42%. The percent of rats with
non-breast pathology in the three groups was: 400
r, 37%; 200 r, 43%; and controls, 23%. As in all
previous experiments, adenocarcinoma of the
breast appeared relatively soon after exposure,
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while adenofibroma, fibroadenoma, and fibrosar
coma breast tumors had a longer latent period be
fore appearance. Further, at 11 mo postexposure,
the incidence of breast pathology and non-breast
pathology was: 400 r, 64% and 7%; 200 r, 37% and
4%; and control, 2% and 0%.

These results have been interpreted to mean
that sublethal gamma radiation induces neoplasia
of the breast with a relatively short latent period,
while the neoplastic response of non-breast tissues
is much less influenced by radiation exposure.
Metaplasia of the uterus was found more often in
the exposed than in the nonexposed animals. It
would thus appear that the breast and the uterus,
both influenced by the estrus cycle, were more re
sponsive to radiation than tissues not under this
cyclic stimulation.

Further studies with:::::: 150 female rats, com
plete except for histological verification of the neo
plasms, indicate that the breast tissue must be ex
posed to radiation in order for the neoplastic re
sponse of the breast tissue to occur. These experi
ments, utilizing a single 400-r dose of 250-kvp x
rays, were done by partial-body exposure tech
niques and clearly show that neoplasia of the
breast occurs only in the exposed areas of the
body. These results strongly imply a direct action
of the radiation on the breast tissue itself.

Additional experiments have been started on
the influence of varying the dose of partial-body
radiation. Results to date suggest that, as above,
neoplasia of the breast occurs only when the breast
has been exposed, but it is too soon to determine
whether a threshold exists for this response be
tween 160 and 1000 r.

A study of the influence of the endocrine system
on the neoplastic response of the rat breast to radia
tion is in progress. Results to date suggest that
when the estrus cycle is depressed by supplying
exogenous estrogen to exposed animals, the neo
plastic response of the breast is delayed. The effects
of pregnancy, lactation, hyperthyroidism, and
hypothyroidism are inconclusive.

Two experiments are in progress on female
Wistar strain rats and Long-Evans strain male and
female rats to compare these strains with the
Sprague-Dawley strain used exclusively previous
ly. The Wistar rats have responded to 400 r with
an increase in breast tumor incidence, and the
Long-Evans rats have not, although the postexpo
sure period is not yet long enough to give an un
equivocal answer.

Perhaps the most important experiment in prog
ress is the following: Female rats were given either
400 r in a single exposure, a total of 400 r in 5
equal doses spaced 1 day apart, 400 r in 18 equal
doses spaced 1 day apart, or no exposure. Results
to date suggest that 400 r given in a single dose or
in divided doses induces neoplasia of the breast,
but there is no difference in response among the
three exposed groups. The data now accumulated
are from samples of small size and not definitive.
However, some degree of independence of the time
over which the dose is accumulated is indicated
for the neoplastic response of the rat breast to
radiation.

Degenerative Diseases

With the present control of infectious diseases
achieved by the medical profession and the marked
increase in our population, diseases of maturity
have assumed perhaps the most important place in
all medical programs. These diseases are largely
intrinsic in origin, and for convenience many of
them have been loosely grouped together as the
degenerative diseases. Tracer observations made
possible with radioactive isotopes have the greatest
promise for the logical development of procedures
directed toward understanding and control of
these disorders which arise within the body and
are subtle in nature, prolonged in action, and de
structive in result. For as we know more about
metabolism, and its specific derangements, our ex
perience has shown that we are better able to cor
rect the derangements. During the past year stud
ies have been made on patients with degenerative
disorders, including a variety of diseases of the
central nervous system which tracer studies are
increasingly suggesting may be associated with
metabolic aberrations and with hypertension.

DISEASES OF THE CENTRAL NERVOUS SYSTEM

In the study of degenerative diseases of the cen
tral nervous system, attention has primarily been
given to those disorders which have presumably
been functional and morphological disturb
ances of the various nuclei and pathways. Some of
these dysfunctions may be provoked by accidental
overexposure to metals. For example, knowledge
of the development of Parkinsonism following
manganese intoxication led to the beginning of
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exhaustive studies on patients with Parkinson's
disease to discover whether these persons might
distribute, absorb, excrete, or otherwise combine
manganese in some fashion associated with their
disease symptomatology. During the past years
this study has been expanded to include occasional
patients with Friedreich's ataxia and Wilson's dis
ease as well as those exhibiting the Parkinsonian
syndrome. Mn 56 has been the element primarily
used because of its short half-life and the fact that
its gamma emission permits external scanning for
body distribution. Studies in humans have been
strongly reinforced with experimental observations
on animals. It appears that in many aspects the rat
can be utilized to elucidate basic pathways of
manganese in man. It is becoming clear from stud
ies under way on patients that differences in the
handling of manganese may indeed exist between
the specifically diseased individuals observed and
those who are free from this type of central nervous
system disturbance. It is yet too early to hazard
any prediction as to the precise nature of this aber
ration. Further testing and specially designed ob
servations are necessary to confirm the validity of
the impression gained thus far. These will be con
tinued. It has been demonstrated that the manga
nese pathways of man are exceedingly specific.
Elements capable of displacing manganese in vitro
have no effect on manganese in vivo as measured
by tracer studies. Perhaps one limited exception to
this may be technetium, and this point is under
further study. Gallium, copper, mercury, zinc, and
cadmium exhibited no capacity to displace manga
nese. Limited exchange occurred between zinc
and cadmium, in much the same fashion, inter
estingly enough, as the observed in vivo exchange
between strontium and calcium.

As yet it has been impossible clearly to relate the
complex capacity of phenothiazine drugs to their
usefulness in controlling Parkinson's symptoma
tology. As this study of manganese has progressed
year by year it has consistently revealed a consid
erable complexity and specificity of manganese
metabolism which was impossible to demonstrate
by other than radioactive tracer techniques and
which as yet cannot be satisfactorily fitted into a
completely understood pattern.

Plasma Kinetic Studies of Manganese

During these studies it was discovered that Mn5
'

injected intravenously reappears in the blood
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stream following its initial disappearance. The re
appearing radioactivity is associated with the red
cells and is nondialyzable, nonexchangeable, and
not available for chelation with EDTA. Fractiona
tion of the red cells into hemolysate and stroma
showed the radioactivity to be associated with the
hemolysate. Crystallization of the heme showed
the radioactivity to be associated with this fraction.
Electrophoresis of hemolysates revealed that the
radioactivity was associated with slowly moving
hemoglobin fractions. Treatment of that fraction
with alkali released porphyrin containing high
concentrations of radioactivity. These results indi
cate (1) that there exists in humans a manganese
porphyrin, and (2) that Mn5

' is a good tag for red
cells since, unlike iron, it is not reutilized and, un
like chromium, it is not eluted from the red cells.

ESSENTIAL HYPERTENSION

From many studies on essential hypertension
there is considerable evidence that common salt,
sodium chloride, plays an important but subtle
role in provoking the disease. In salt sodium is the
important component, which suggests that some
aberration of sodium metabolism is associated with
essential hypertension. Since this disease is preva
lent and is associated with a not inconsiderable
mortality rate, it is appropriate to investigate the
dynamics of sodium with radioactive sodium as a
tracer.

Kinetics of Sodium in Patients
With Essential Hypertension

It has been shown in previous work here that
the addition or subtraction of salt from the diet
need not significantly change the sodium content
of the body. A wide variety of other studies have
been unable to indicate what the defective process
is, if there indeed be one, in patients with essential
hypertension.

Patients with hypertension have been reported
to have an exaggerated natriuresis following in
fusion with hypertonic saline, the mechanism of
which remains unknown. This phenomenon was
studied in patients with and without hypertension.
Each subject was studied for at least two periods
during each of which the daily salt intake was
pegged at specific levels which varied between 0.3
and 12.3 g. These studies are still in progress, but
the current data allow the following preliminary
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conclusions: (1) After the hypertonic saline infu
sion, on equivalent levels of salt intake most hyper
tensives will excrete more salt than most non
hypertensives. (2) Some nonhypertensives respond
like hypertensives, but not vice versa. (3) The re
sponse of both kinds of patient can be changed
markedly by varying the salt intake, i.e., the lower
the daily salt intake, the lower the response. This
means that a normotensive on a high salt intake
can have a response in excess of that of a hyper
tensive on a lower salt intake. (4) From the fore
going it is possible that the exaggerated natriure
sis of the hypertensive is not peculiar to the hyper
tensive process but is associated with long-standing
high salt intake.

ENDOCRINE DISORDERS

Because of the usefulness of tracer methodology
in studies of chemical reactions, it is natural to
turn to radioactive labels as useful tools in gaining
a better understanding of hormone effects upon
metabolic reactions as well as elucidating the site
of reaction of the hormone. The use of carbon-14
has been well established in such studies, and,
with the development of better detectors and effec
tive synthetic procedures, tritiated compounds are
coming into extensive use. While considerable dis
cretion is required in selection of patients with en
docrine disorders in whom radioactive elements
may be used as tracers, the recent development of
very sensitive detectors has permitted a continual
reduction in the required amount of radioactivity
so that now it can be kept substantially below
maximum permissible exposures. However, such
compounds must always be used with a high de
gree of circumspection, and experimental design
must be continually re-examined to be certain that
the observations are appropriate and the informa
tion will be significant.

Diabetes Mellitus and Carbohydrate Metabolism 
The Formation of Blood Glucose in Man

During fiscal 1959 this study was continued by us
ing 2-C'4-lactate and 3-C14-lactate as substrates for
glucose formation by diabetic humans in vivo. The
study has been divided into two phases.

(J) Extent of formation and hepatic output of
glucose. Three adult, stable diabetics and one
adult, unstable diabetic have been given labeled
lactate by single intravenous injection in an un-

treated condition and then in the condition of
prior treatment with insulin or tolbutamide intra
venously. Blood glucose has been analyzed at in
tervals during the first 2 hr after injection. In the
untreated condition a maximum of 15 to 30% of
the injected C14 was estimated to be present in free
body glucose between 30 and 120 min. Insulin
administration was consistently associated with a
reduction in this value to :::::;50% of the control. In
the stable diabetics, who responded to tolbutamide
with hypoglycemia, administration of the latter
drug was associated with an equal and possibly
greater reduction in Cll incorporation into blood
glucose. This study focuses further attention on the
question of hormonal regulation of glucose pro
duction in the diabetic, a matter of present dispute.

(2) Pathways of formation of glucose. Two
stable, one semistable, and one unstable diabetic
were studied with respect to distribution of CH in
blood glucose 30 min after injection of 2- or 3-CI' 
lactate with or without prior treatment with insu
lin or tolbutamide. Whereas the metabolic path
way considered to be mainly responsible for glu
cose formation, i.e., essentially the glycolytic path
way, would distribute CII in glucose symmetrical
ly, a markedly different pattern of distribution was
found in the first 3 carbons of glucose compared to
the last 3 carbons. The difference cannot be ex
plained by secondary cycling of glucose through
the pentose phosphate pathway. The findings are
similar to those previously obtained with 2_CI4_
pyruvate in humans and 2-C14-glycine in rats.
They suggest an uncommon source of the first 2 or
3 carbons of glucose, possibly via transketolation
and transaldolation reactions. No definite effect of
insulin or tolbutamide on the distribution was
noted. However, the unstable diabetic presented a
somewhat different pattern with 2-CI4-lactate than
did other diabetics given this compound.

Formation of Ketone Bodies in Diabetic Man

Samples of beta-hydroxybutyric acid excreted
in the urine of two juvenile, acutely diabetic hu
mans and two fasting, moderately diabetic human
subjects with and without prednisone have been
further analyzed for C'4 content and distribution
after chromatographic purification of the acid. It
has been further established that the total ketone
bodies at 2 hr after administration contain :::::;2 to
4% of the injected C14 and that the activity in the
carboxyl and carbonyl carbons is essentially equal.

•

•
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The latter point has importance in regard to the
source and identity of 2-carbon units involved in
formation of ketone bodies, particularly in view of
recent demonstration of 6-carbon, branched-chain
intermediates. Analyses of the C,4 in ketone bodies
at various time intervals after injection are being
conducted.

Dynamics of Bicarbonate Movement
and Turnover in Diabetics
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Islands. Staff members have also been called upon
by other institutions when large accidents have
occurred and have given immediate assistance.
In some instances measures can be tested and eval
uated, as in the Industrial Medicine Clinic, but in
other areas experimental work alone can give clues
to the optimum procedures. Pertinent work under
taken for other purposes and discussed elsewhere
in this report will not be described in this section,
but its relevance should not be overlooked.

•

•

This study was engendered by the incidental
finding that in the early time period after 2-C14
acetate injection in a diabetic human, a large dif
ference was noted to exist between the specific ac
tivities of the arterial (or breath) C '4 0 2 and the
venous C'402 returning from the forearm. Obser
vations of similar, although less pronounced, dif
ferences were made with 2-C14_pyruvate and 2
C'4-lactate as the injected compounds. For a more
direct study of this phenomenon NaHC'403 has
been injected into a diabetic human with a prim
ing dose and then sustaining infusion for 1 hr.
Large differences (5 to 20-fold) were again noted
between venous and arterial specific activities of
C 140 2 in the early time periods (1 to 2 min after
start of injection) with equilibrium occurring after
10 to 20 min. The rate of decline of venous and
breath C'402 after cessation of infusion is being
characterized.

CLINICAL MANAGEMENT OF RADIAnON INJURY

Recovery of Dogs From Severe Radiation Exposure

The successful treatment of dogs receiving a
potentially lethal dose of irradiation, demonstrated
in this Department, provided an excellent ap
proach to study of the regenerative ability of
hematopoietic tissue. During the past year, the
treated animals surviving 400 r acute total-body
radiation were studied for 6 mo or more, and ad
ditional animals were exposed to higher doses of
LD ,oo+ to determine the dose level beyond which
spontaneous regeneration of the bone marrow no
longer is possible. Dogs exposed to 420 to.460 r also
survived with therapy, and marrow regeneration
was apparently complete. The results of the latter
study are given in Table 1.

The hematopoietic reserve of dogs recovering
from potentially lethal doses of irradiation is being
studied. Fourteen recovered and six control dogs
are being subjected to severe bleeding (40 to 50%
of the packed red cell volume). Various compo-

Table 1

Dose-Response Data (6 mo)

*One animal receiving 550 r survived 63 days. Myelo
poietic and erythropoietic regeneration in the bone mar
row was evident at 40 days. About the 50th day, marrow
regeneration began to fail and the animal succumbed
with a completely aplastic marrow.

Mean Mean
survival survival

Dose, r Died/total time, days Died/total time, days

420 5/5 13.4 2/5 24.9
460 5/5 14.0 1/5 30
500 5/5 12.2 5/5 23.4
550 5/5 10.8 5/5 17.8*

Treated groupControl group

The effects of radiation upon man are of pri
mary and constant concern to all members of the
Department. Each man realizes that a situation
might develop with exceeding rapidity which
would require him to embark immediately upon
a decisive course of action. Fortunately, many
radiation effects become evident during observa
tions made for other purposes, and specific re
search studies frequently throw light upon areas
not previously well defined. Thus, by vigorously
prosecuting clinical research utilizing radioactive
isotopes and/or participating in reactor radiology
projects, each staff member can become conver
sant with many attributes of radiation accidents.
However, no analogue can be equivalent to an
actual situation, and this Department is unique in
the number of men on its staff who have had sig
nificant responsibilities in caring for accidentally
exposed persons, such as the people of the Marshall
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nents of the physiological response to severe hem
orrhage are being evaluated.

Radiation Physiology and
Selective Kinetics

In addition to the varied clinical investigations
and interests already set forth, members of the De
partment carryon a diversified experimental and
analytical program in the laboratories, dealing
with aspects of basic knowledge that can be stud
ied better under closely controlled conditions than
in the patient. In many instances, the work is
largely biochemical. In general, the studies are of
two types: (1) the use of a radioactive label of a
specific element or compound so that its chemical
reactions may be more closely identified or its
physiological activities better correlated; (2) the
study of physiological effects of radiation either by
classical methods or by following the altered be
havior of a labeled element or compound.

CHARTING OF METABOLIC PATHWAYS

The utilization of radioactive isotopes for the
elucidation of disease mechanisms, the specific
diagnosis of diseases, or in many instances the
treatment of a disease requires precise knowledge
of the metabolic pathways of the element or com
pound used and the ability to predict the kinetics
of distribution when specific placement and fixa
tion or displacement and excretion are sought.
Development of tracer theory is basic to these
studies, since usually it is not the behavior of the
labeled material as such but that of the unlabeled
counterpart which is of interest or significance.
Therefore, it is highly desirable to establish the
meaning of behavior of tracers in terms of events
in the nonlabeled material. In therapy, however,
which involves specific placement of a radioactive
isotope, the tracer itself becomes the substance of
primary importance. In multicompartmental ex
change systems the relationship between the ob
served behavior of a radioactive isotope and the
implied behavior of the nonlabeled counterpart is
complicated. In general, the interpretation and
prediction of the behavior of the tracer rest upon
a fairly elaborate mathematical basis.

It will have been noted that in the application
of radioactive isotopes, whether by the use of pre
formed radioactive materials or by neutron cap-

ture therapy, many projects of the Department are
based largely on a chronological observation and
prediction of radioactive isotope behavior, and
these observations are heightened by selection of a
radionuclide with an appropriate half-life rather
than by incorporation into organic carriers of
known metabolic habitus. The complete under
standing and charting of metabolic pathways are
prerequisites for the most efficient utilization of
chronal specificity.

A considerable effort has been expended on the
study of inorganic salts because of the presumed
simplicity of their relationship to the systems in
volved. The studies are not bearing out this sim
plicity. Osseous mechanisms have been brought
under scrutiny because of the necessity of under
standing the factors affecting biological uptake
and consequences of the deposition of nuclear
debris in skeletal structures.

As part of the general study of proteins, amino
acids, and nitrogen metabolism, particular atten
tion was given to nucleic acids and the synthesis
of DNA. The method used involved tritium
labeled thymidine, which led immediately to a
need to know the concentration of this material
that would inhibit cell division because of radia
tion from the tritium. This is important in the use
of tritium-labeled thymidine both as a tracer and
as a possible therapeutic material.

Studies of the Specificity
of Metal Pathways Through the Body

A. The strontium pathway through the body
has been further studied. Although large pools ex
ist which are common to both strontium and cal
cium, the sum total of experience still indicates
that the kinetic differences between the two metals
outnumber the similarities. During the course of
this work, it was discovered that an additional
member of Group II of the elements, namely mag
nesium, is effective as a carrier for radioactive
strontium in the body. Beryllium has not been
studied as yet. The competitive aspects of this
problem are still under investigation.

B. The zinc pathway through the body has
been studied extensively. It was discovered that
cadmium tends to compete with zinc for excretion
in the bile. No other metals were found to inter
fere with the kinetics of zinc. A highly sensitive
homeostatic regulation of zinc in the body was
found. This was shown (1) by the acceleration of
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zinc turnover after imposition of metabolic loads
of stable zinc (dietary and injected), (2) by the
demonstration of a fairly effective feed-back mech
anism in the gastrointestinal tracts of animals, and
(3) by the demonstration of individual turnover
rates for zinc in both intracellular organelles and
organs. In contradistinction to zinc, cadmium lacks
homeostatic control in the body as evidenced by
almost complete lack of turnover, lack of response
to loading, and lack offeed-back mechanisms at
the absorptive sites.

C. A demonstration of the previously described
almost absolute specificity of the manganese path
way in other mammals is now being completed in
man. Thus far no alteration of the models already
proposed on the basis of animal experimentation
has become necessary.

D. A preliminary investigation of technetium as
an "antimanganese" element has not been com
pleted because of the lack of adequate amounts of
this metal.

Clinical Experiences With Trace Metals

A. The manganese-carrying protein of human
plasma has been identified and named "transman
ganin" since it differs from "transferrin," the iron
carrying protein. Transmanganin is a /31 globulin
which has low affinity for iron and high affinity for
manganese. Competition studies have shown some
degree of specificity of this fraction for manganese
which could not be replaced by additions of transi
tion group or other metals.

S. Ultrafiltration of plasma-bound trace metals:
Isotopic micro methods have been developed
which permit estimation of the ultrafilterable frac
tion of plasma-bound trace metals. The use offrac
tional ultrafiltration revealed two classes of ultra
filterable plasma constituents, (1) the classical
variety which does not undergo changes in affinity
as ultrafiltration proceeds (sodium, chloride, glu
cose, phosphate, strontium, etc.), and (2) a new
variety which is characterized by a concentration
dependence of the ultrafilterable fraction (manga
nese, iron). Experiments with the latter elements
revealed a striking, sharp diminution of the quan
tity of ultrafilterable fraction released as separa
tion proceeds. This was shown to be specific for the
natural carrier proteins of plasma, since manga
nese or iron mixed with bile and albumin did not
reveal this concentration dependence. Possible
artifacts have been excluded. It was demonstrated
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that the information of concentration dependence
is indeed carried by the plasma constituents and
not by the filtrable constituents of the system or
by the membrane. Mathematically, this phenom
enon is compatible with a system wherein more
than one moiety of protein per moiety of metal
may participate in the formation of the complex.
The application of this principle to enzyme sys
tems has not yet been attempted. The functional
role of this phenomenon in transcapillary trans
port has not been assessed as yet.

C. Accessory excretory pathways of metals:
Biliary excretion of manganese has been found to
vary with dietary load. With "normal" or low in
takes, the excretion of Mn54 in the bile is charac
terized by the early appearance of a wave of radio
activity in the bile which is followed in a manner
described by a single exponential rate for excre
tion. With high intakes of manganese, in addition
to this typical pattern there appears a second, pro
nounced, large wave of radioactivity, which fol
lows the first one by ;:::::;90 min. Various studies of
the physicochemical state of the bile from these
two phases of excretion have failed to reveal any
constant differences between the first and second
waves, which indicates that the final segments of
both pathways are probably common.

Sodium Turnover in Experimental Hypertension

In hypertensive rats on high salt diets alone and
salt feeding plus DOCA, sodium turnover has
been studied by using Na22

• It is clear that in these
studies the biological half-life of sodium is largly
dependent upon the daily intake, since biological
half-lives of 1 day or less have been found in ani
mals ingesting 4 and 8% NaCI in their diets. In
contrast the same animals on a diet containing
0.5% NaCI showed a biological half-life of sodium
ranging from 6 to 8 days. No differences in sodium
turnover have been found between animals with
and without hypertension.

Long-Term Effects of High Salt Feeding in Dogs

For the development of some chronic diseases in
man, the factor of absolute time appears to be im
portant; if this is true, increasing the exposure to an
offending agent for a short period may not be as
effective as giving a lesser exposure for a long peri
od. Quantitative support for this thesis was ob
tained by others in studies of radiation effects in
animals.
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Essential hypertension is rare in humans before
the age of 20, and not common until after 35.
Therefore, in the study of experimental hyperten
sion the longer-lived animals, like the dog and
monkey, may offer advantages over the mouse and
rat. A group of beagles is being kept on a high salt
diet, except for five control animals, in an attempt
to study the long-term effect of salt feeding. Aside
from observations on blood pressure, two interest
ing phenomena have developed: (1) the original
ear tatoos with identifying numbers became so
faint in most of the salt-fed animals that re-mark
ing became necessary; (2) animals on salt have a
less elegant pelt.

Effect of Arteriosclerosis on Salt
Induced Hypertension in the Rabbit

In contrast to man, animals with experimental
hypertension do not ordinarily develop arterio
sclerosis. To study the interaction of the two dis
eases, arteriosclerosis has been induced in rabbits
by cholesterol feeding; some of the rabbits are be
ing fed high salt diets simultaneously. This experi
ment is still in process but the preliminary results
suggest that, in conformity with the experience in
man, hypertension exaggerates the atherosclerotic
process; it is less clear whether atherosclerosis ex
aggerates the hypertension.

Chemical Dynamics of Bone

Studies on the kinetics of uptake and distribu
tion of fission products in animals are being con
tinued on a limited scale. Since the deposition of
rare earth elements in bone is little understood, an
experiment was undertaken to compare both the
exchange capacity of the skeleton for y'9 and its
rate of accretion in bone with that of previously
studied Sr". The two isotopes were studied simul
taneously in rats, and their incorporation into the
exchangeable and nonexchangeable compart
ments of bone was measured in both normal and
irradiated bones. Although some rare earth ele
ments form colloids and nonionized complexes in
plasma, the uptake by the skeleton from these
complexes is active and similar to that of the alka
line earths (Sr").

RADIATION AND IMMUNE MECHANISMS

It has clearly been demonstrated that immune
mechanisms are significantly affected by radiation

exposure. In some instances a complete immuno
logical paralysis can be produced. The nature of
the changes altering the immune response is not
known, and both this and the changes themselves
have been the subject of a continuing investigation
by members of this Department since its organiza
tion.

Depressant Effect
of Radiation on Antibody Formation

The secondary tetanus antitoxin response is be
ing used to measure the depressant effect of radia
tion on antibody formation in mice. Equal total
doses of radiation are delivered by single acute
exposure, divided acute exposures, and chronic
exposure. We have previously demonstrated a
marked radiosensitivity of the secondary antibody
response to low doses of radiation delivered by
chronic exposure. Acute exposure to equal low
doses of radiation delivered at a high dose rate did
not depress antibody formation. The depressant
effect of radiation on the secondary antibody re
sponse is closely associated with the time of ad
ministration of the secondary antigenic stimulus
after radiation. These findings are being extended
in a study of the temporal relationship between
time of injection of the secondary antigenic stim
ulus of tetanus toxoid and total dose of radiation
delivered by acute, divided acute, and chronic ex
posure.

Comparative Radiosensitivity
of the Primary and

Secondary Antibody Response

Preliminary experiments indicate that the pri
mary tetanus antitoxin response is markedly de
pressed by rather low doses of whole-body radia
tion. Graded doses of radiation are being used to
compare the radiosensitivity of the primary and
secondary antibody response in mice.

Immune Degradation

The purpose of this study is to characterize the
kinetics of the antigen-antibody reaction in vivo.
From such a study a method may be developed for
quantifying the immune response in vivo which will
have application in the study of diseases in which
an auto-immune mechanism is implicated.

Mice have been passively sensitized with rabbit
or mouse antiserum and challenged with J131_

•
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labeled antigen. The degradation of the antigen
has been followed by whole-body measurement of
radioactivity. It was found that the percent ofanti
gen degraded at an accelerated rate (ADAR) is
inversely related to the amount of antigen used in
the challenge when antigen-antibody ratios are
used which in vitro are in antigen excess (precipitin
curve). The percent antigen degraded at an accel
erated rate is greater than that precipitated in vitro.
With mouse antiserum, which contains little if any
precipitating antibody, 90% or more of the antigen
is degraded at an accelerated rate with the proper
antigen-antibody ratio. Thus, soluble (in vitro)
antigen-antibody complexes are degraded in vivo
at an accelerated rate.

Soluble complexes (mouse anti-BSA -1'31_BSA)
were investigated by the Farr method of precipi
tating the complexes with ammonium sulfate.
With a given antigen-antibody ratio it appears
(first approximation) that a larger percent of anti
gen is degraded at an accelerated rate in vivo than
is precipitated in vitro with ammonium sulfate.

Of the antigen that is degraded at an acceler
ated rate in passively sensitized mice, 75 to 90% is
degraded in the first 11 hr. When the degradation
of the residual antigen was followed an additional
72 hr, it was found that the rate at which the resid
ual antigen was degraded was a function of the
antiserum used. With mouse antiserum, the resid
ual antigen was degraded at a rate faster than that
found in mice injected only with the antigen. With
some rabbit antisera, the residual antigen was de
graded at a rate equal to that found in control
mice, and with other rabbit antisera, the residual
antigen was degraded at a rate slower than that
found in control mice. No explanation at present
is available for these observations; several possible
explanations are being investigated.

Acquired Immune Tolerance
to Crystalline Bovine Serum Albumin

The purpose of this study is to investigate the
fundamental mechanism by which native proteins
are recognized and thus fail to elicit an antibody
response.

Mice were exposed to the antigen during the
first 2 wk of life. At 6 wk of age the mice were re
exposed to the antigen and subsequently either
bled or challenged. The serum was tested by the
Farr method of precipitating antigen-antibody
complexes with ammonium sulfate. 1'31_BSA was
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added to the sera and the percent of radioactivity
precipitated with ammonium sulfate determined.
It was found that the incidence of anaphylactic
sensitivity in unbled mice and the percent of1'31_
BSA precipitated with ammonium sulfate were
significantly lower if the mice had been exposed
to the antigen during the first 2 wk of life.

Early Immune Response

It was observed that mice became actively sensi
tized to BSA within 1 wk if injected with BSA
rabbit anti-BSA serum in antigen excess. Mice in
jected with BSA alone or BSA plus normal rabbit
serum did not become actively sensitized to BSA
within the same time period. Subsequent studies
have shown that the early immune response is best
elicited by using an antigen-antibody ratio that
results in an ADAR of 50 to 25%. Antigen-anti
body ratios that are near or at equivalence or in
extreme antigen excess do not elicit a detectable
early immune response to the antigen (BSA) with
in 1 wk.

When mice were exposed to complexes of BSA 
mouse anti-BSA, the early immune response to
BSA was not elicited with complexes that resulted
in ADAR smaller than 90%. Mice injected with
complexes that resulted in ADAR of 90% or
greater did respond anaphylactically when chal
lenged on the seventh day and did degrade the
protein used in the challenge at an accelerated
rate. At present it is considered that the latter ob
servation is due to surviving antibody from the
original injection and not to newly synthesized
antibody. This phase of the problem is being re
investigated.

Antibody Adsorption
of Guinea Pig Ileum

The purpose of this study was to establish the
quantitative relationship between the amount of
antibody adsorbed and the degree of sensitization
and to determine the nature of the binding be
tween the antibody and the tissue.

By using 1'31-la beled rabbit antiovalbumin, it
has been found that the antibody is bound to
guinea pig ileum in proportion to its concentration
in the bulk phase. Since this relationship conforms
to a Langmuirian isotherm, it is inferred that the
molecules form a monolayer on the combining
sites. The reaction of the sensitized tissue to the
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antigen is also dependent on the amount of anti
body adsorbed.

Cellular Aspects of Antibody Formation

It is well established that antibodies are formed
in the lymphoid tissues, although opinions differ as
to what type of cell (lymphocytes, plasma cells,
transitional cells, etc.) actually is the site of anti
body formation. There seems to be no disagree
ment, however, that antibody formation is associ
ated with cell proliferation in the lymphoid tissues.
Although this may be so, it certainly does not ap
pear to be proved; the observed morphological
changes might reflect only a changed functional
state of nondividing cells. This problem might be
successfully approached with autoradiographic
studies following injection of H3_TDR, which is
known to be a specific label of DNA.

Eighty-five mice including appropriate controls
were immunized with tetanus toxoid. Simultane
ously with the secondary stimulus, the animals
were injected with H3_TDR and sacrificed serially
during the following days. Another group was
treated in a similar way apart from the fact that
H3_TDR injection was given 1 hr before sacrifice.
Both groups comprised two subgroups of which
one had been given colchicine, the other not. This
will allow study of the cumulative mitotic activity.
Comparisons will be made between the cellular
findings and antibody titers. Smears, imprints, and
histologic sections of lymph nodes, spleen, Peyer's
patches, thymus, bone marrow, and liver are be
ing processed.

Degradation
of Heterologous Serum Albumin in Mice

The purpose of this study was to determine
what factors influence the rate of degradation of
heterologous serum albumin in mice. The study
was prompted by the observation that Swiss albino
mice raised in the Department degraded 1'31_
labeled human serum albumin (HSA) at a faster
rate than had been previously reported for HSA
in any strain or stock of mice. This finding was
confirmed using Swiss albino mice and Bar Har
bor mice. Attempts to increase the degradation
rate of HSA in Bar Harbor mice with thyroxine,
triiodothyronine, or triiodothyroacetic acid were
unsuccessful. It was further noted that the degra
dation rate of HSA in both strains of mice de-

creases with age, and no explanation is at hand
for this finding.

An Attempt to Show the Existence
of Normal Autoantibodies

Intact rats and rats radiothyroidectomized in
the first few days after birth have been given 1'31_
labeled rat thyroglobulin. By using whole-body
counting techniques, it was found that the half
time of the thyroglobulin was longer in the thy
roidectomized rats. Labeled human thyroglobulin
has been prepared; it is planned to administer this
material to patients with myxedema and struma
lymphomatosa and to measure the degradation
rate of the labeled thyroglobulin by using the
whole-body counter. Experiments using both ani
mal and human material will be designed and an
attempt made to determine whether or not auto
antibodies to thyroglobulin are naturally occur
ring compounds.

PHYSIOLOGY OF PROTEINS 
TRITIATED COMPOUNDS AS LABELS

Oral Absorption of Tritiated Thymidine

While it is known that intravenous injection of
H3-thymidine labels proliferating tissues, the fate
of oral H3-thymidine was conjectural. Therefore,
rats and guinea pigs were fed tritiated thymidine
by gastric tube. As early as 2 hr after feeding,
labeling of intestinal mucosa, spleen, and bone
marrow was evident; some of the tritiated thymi
dine had been catabolized to THO, and small
amounts were excreted as urinary NVH3A.

In animal studies as well as in work with human
autopsy material it has been possible following
tritiated thymidine injection to obtain organ non
volatile tritium activity (NVH3A) by dissolving
tissues in Hyamine, a basic quaternary amine, and
then adding a scintillator. Increased NVH3A of
lung, spleen, bone marrow, and testes has been de
tected. The method, although still crude, is useful.

The Renewal of Lens Epithelium

A procedure has been developed for the prepa
ration of whole-mounts of lens epithelium which
allows the autoradiographic localization of tritium.
In vitro incorporation of tritium-labeled thymidine
into the nuclei of epithelial cells has been demon-



strated in the isolated lenses of rat, rabbit, and
frog. Quantitative determinations indicate that the
highest percent of radioactive nuclei appears in
the germinative zone.

In Vivo Studies of the Rat
With H3-Thymidine, H3-Cytidine, and S350 4

Several approaches have been pursued to deter
mine the fate and function of cells in the normal
blood that label on incubation of the blood with
tritiated thymidine. In one approach parabiotic
rats were used, and H3-thymidine was given to the
donor with the connecting circulation clamped.
After 1 hr the clamp was removed, and at 12 hr
the animals were separated surgically. At sacrifice
at 24 hr labeled cells were found in the bone mar
row, lymph node, and spleen of the recipient ani
mal. Some appeared to be morphologically differ
ent from those circulating in the blood; however,
none could be clearly identified as myeloid or
erythroid precursor cells.

Since parabiotics may represent an abnormal
immune status, other approaches have been used.
In guinea pigs the circulation to the lower extrem
ities was interrupted by means of a pressure cuff
applied to the abdomen while H3-thymidine was
injected and allowed to metabolize in the upper
portion of the body. Similar work has been done in
dogs, except that while the circulation of the lower
extremities has been separated from the rest of the
body, the oxygen supply of the hind legs has been
provided by extracorporeal circulation through an
improvised heart-lung machine. Serial bone mar
rows done in the upper and lower extremities
make it possible to follow the build-up of labeled
cells by means of autoradiography.

Other experiments are concerned with the
potentialities oflymphocytes; some authorities
claim that lymphocytes in the bone marrow are
transformed to pluripotential stem cells feeding
into both the erythropoietic and the granulocyto
poietic series. Studies have been designed to follow
the hematopoietic changes by classical methods
and by autoradiography with H3_TRD, after a
large number of blood lymphocytes have been de
stroyed by means of x-irradiation of an artificial
extracorporeal arteriovenous shunt.

Thus far these studies are inconclusive, since it
has been found that barbiturate anesthesia pcr sc
produces a profound decrease in leukocyte counts.
This finding appears to invalidate some ofthe re-
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suits of work on leukocyte kinetics done by other
groups in the past.

Effects of Radiation on Incorporation
of H3.Thymidine Into Bone Marrow Cells

H3-thymidine and autoradiographic techniques
have been used to study DNA synthesis in the in
dividual bone marrow cells of the irradiated rat.
Animals were anesthetized and given 600 r with one
hind limb shielded, and at various time intervals
after exposure H3-thymidine was administered
intravenously, followed by sacrifice V2 hr later and
preparation of irradiated and shielded marrow for
autoradiography. A profound drop in the percent
of labeled precursor cells was observed within the
first few hours of exposure in the irradiated side;
only a small and questionable effect was noted in
the shielded leg. Estimates of total cellularity with
a Sandkuhler ocular indicated moderate changes
in the irradiated marrow, but no detectable
change in the shielded marrow. The mitotic index
was determined also for the erythroid precursor
cells. Preliminary analysis of the data indicates
that the observed reduction in the number ofcells
incorporating H3-thymidine can be accounted for
partly by arrested mitosis and loss as cells entering
mitosis, rather than by an effect of radiation on the
actual process of DNA synthesis itself.

DNA Synthesis and Cell Turnover Activity
in the Mouse Embryo

Attempts to establish the cell turnover time of
embryonic tissues are being made by utilizing trit
iated thymidine to indicate DNA synthesis. No
incorporation of H3-thymidine was noted in the
fetus prior to the establishment of embyronic cir
culation. After circulation began, varying degrees
of incorporation in the maternal and fetal struc
tures were noted 24 hr after H3-thymidine injec
tion. The studies are being extended to include
uptake of H3-thymidine in fetal tissues of different
degrees of maturity as a function of time (hours)
following H3-thymidine administration to the
mother. By this means the turnover rates of the
individual tissues can be estimated.

Dynamics of Incorporation of Nucleic Acid
Precursors Into Cellular Components

The study of ribonucleic acid and desoxyribo
nucleic acid metabolism was continued with trit-

- -- - -- - - -
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iated cytidine in tissue culture, HeLa S3. As be
fore, autoradiographic techniques and biochemi
cal methods were employed.

Tritiated cytidine is incorporated within min
utes into all intact nuclei of HeLa S3 cells and
Osgood leukemic cells. This incorporation involves
mainly the chromatin portion of the nucleus. It
was found that this label is not removable by di
lute (2%) perchloric acid, which indicates that the
nuclear label represents RNA or DNA or both.
Since all nuclei showed this pattern oflabel it is
obvious that the labeled substance is not solely
DNA. After histochemical extraction of RNA, the
label of the DNA remained. The number ofnu
clei thus labeled is in agreement with a 5 to 6-hr

Figure 10. Photomicrograph of an autoradiograph of
HeLa 83 tissue culture cells grown in a medium containing
tritiated cytidine for 1 hr, then grown in a medium with
out tritiated cytidine for 23 hr. Note that exposed grains
of the emulsion are seen mainly over the cytoplasm.

DNA synthesis time of the 24-hr total generation
time.

Shortly following the nuclear labeling, the
grains in the cytoplasm increase steadily to a maxi
mum before 24 hr, while the grains seen over the
nucleus decline in most cells. A temporary accu
mulation of label within the nucleolar area was
observed within 1 to 2 hr in turnover experiments
with short-term (30 min to 1 hr) incubation of cells
with H'-cytidine. Many cells already demonstrated
at this early stage a nucleolar accumulation of
label within the totally labeled nucleus.

Cells in mitosis showed cytoplasmic label soon
after the beginning of the incubation with H 3

_

cytidine. However, this label was found to be acid
soluble. These cells did not incorporate label into
the chromatin portion until completion of the
mitosis. This finding is taken as evidence that
dividing cells do not synthesize acid-insoluble
RNA.

Tritiated cytidine is incorporated into DNA
during DNA synthesis time. It was found that the
cells continue to use labeled precursors for DNA
synthesis even after removal of the labeled medi
um initially used. This reutilization of label could
involve intercellular precursors; it is also possible
that the reutilized material is first released by the
cell and then taken up again.

Repeated examination of culture medium in
turnover experiments revealed that a considerable
amount of labeled material is released by the
growing cells. The amount and the pattern of this
activity release indicate that it is not caused by
cell death in the culture.

The released radioactive material was found to
be ultrafiltrable and acid soluble. Labeled uracil
and labeled cytosine were qualitatively isolated.
This indicates that the released substances are at
least in part composed of these pyrimidines or
more likely their nucleosides or nucleotides.

Once released, the labeled compounds are at
least in part reutilized and reincorporated into
RNA and DNA. This was demonstrated in a
number of experiments in which labeled and un
labeled cells were cultured together, or the label
containing medium was transferred to unlabeled
cultures. It could be seen that the reincorporation
of the labeled material is greatly diminished by the
presence of carrier cytidine. Since it was observed
in a preliminary experiment that uridine can di
minish and block incorporation ofH3 -cytidine into
cells, it is assumed that the carrier cytidine com-
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petes with the incorporation of cytidine and uri
dine. A further investigation of the competitive ac
tion between cytidine and uridine and cytidylic
acid is projected.

The incorporated cytidine was shown to be con
verted in part to uridine for RNA and to thymi
dine for DNA. By autoradiographic techniques it
was demonstrated, however, that desoxycytidine
and thymidine alone or combined do not prevent
completely incorporation of cytidine into DNA. A
more quantitative investigation is under way.

In order to determine the origin of the labeled
nucleic acid precursors released from the growing
cells, the incorporation and turnover were exam
ined of H3-cytidine measured as tritium activity
in the acid-soluble fraction, the particle RNA frac
tion, and the DNA, after short-term feeding of the
cultures with the labeled cytidine. It was found
that the decrease of the acid-soluble tritium ac
tivity parallels the increase of the activity in the
culture medium. The activity of the RNA did not
show a significant change after the initial incorpo
ration up to three generation times. This finding
is unexpected. Experiments are also being carried
out to verify this activity stability in the RNA un
der the influence of increased amounts of cytidine
and uridine as carriers in the culture medium.

An experiment was carried out to determine if
there is a radiation effect on RNA metabolism as
revealed by the use of tritiated cytidine. This ini
tial experiment failed to demonstrate an effect
compared to the normal findings, after 500 r irra
diation.

Tritiated cytidine was used for in vitro labeling
of bone marrow cells and peripheral blood cells.
The nuclei ofessentially all cell forms were labeled.
The degree of label decreased with the degree of
differentiation of the cells. It is assumed therefore
that in general the nuclei of even the most differ
entiated nucleated blood cell can be metabolically
active.

The previous finding of incorporation of C14_
ribose into DNA was confirmed by autoradio
graphic techniques. The initial cytoplasmic activ
ity after C14-ribose incorporation was found to be
mostly acid soluble, while the nuclear labeling re
sisted extraction with 2% perchloric acid. It could
be seen that C14-ribose is incorporated immedi
ately into DNA during DNA synthesis time.

It was previously noted that after DNA extrac
tion with hot saline much activity remained in the
protein residue. This protein fraction was hydro-
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lyzed and 22 amino acids were separated by paper
chromatography. Activity was recovered only
where thymine was located.

Examination of culture medium after short
term thymidine labeling in HeLa cells in turnover
study failed to demonstrate tritium activity
throughout.

Hematology of Radiation

The concern of this study is to measure the pro
liferative potential and apparent degree of DNA
synthesis in the hematological cells of animals ex
posed to total- and/or partial-body radiation. The
use of standard biochemical and cytological pro
cedures has failed to clarify completely the changes
in proliferative potential and DNA synthesis rate
in individual cell lines following exposure to radi
ation. The use of tritiated thymidine and auto
radiographic techniques allows the proliferative
potential and the DNA synthetic activity ofindi
vidual cell lines to be followed. Dogs and rats have
been studied with this technique following total
and partial-body exposure to radiation.

Profound and early effects on the number of
DNA-synthesizing cells both in the bone marrow
and in the peripheral blood of irradiated animals
have been found. The extensive counting of cells
required to characterize these results both in ir
radiated and in shielded marrow has not yet been
completed.

The Effect of Intracellular Incorporation
of Tritiated Thymidine on Mammalian

Cell Survival and Cell Cytology

Considerable progress has been made in a series
of studies concerned with the incorporation oftrit
iated thymidine (H3_TDR) by cells in tissue cul
ture. Experimental results have given valuable
information with respect to the metabolism and
survival of HeLa S3 cells which have been treated
with H3_TDR.

The first experiments were designed to test the
uptake of H3_TDR by S3 cells. Autoradiograms
were made of cells cultured for 24 hr in medium
containing 2.5 /l.C/ml. H3_TDR produced heavy
labeling of the nuclei; 98% of the nuclei were so
labeled. Intranuclear incorporation of the radio
isotope promoted changes in cell morphology and
inhibited growth. Since these early experiments
were carried out with large cell populations (105
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cells) more quantitative data concerning the lethal
effect of H3_TDR were desirable. To obtain this
information the single-cell plating technique was
used in an extensive series of studies. Approxi
mately 200 single S3 cells were inoculated into 5
ml of medium in 60-mm Pyrex culture dishes. The
cultures were incubated at 3r to 38°C for 48 hr,
during which time the cells became attached to
the glass and went through at least one cell divi
sion. Various amounts of H3-TDR were then
added to the culture medium, and the cells were
permitted to grow for 24 hr in the presence ofH3
TDR. The radioactive medium was then dis
carded, the cells were washed with balanced salt
solution, and freshly prepared medium contain
ing nonradioactive thymidine was added to each
culture. As a rule the cultures were incubated for
another 14 to 16 days. At termination the medium
was discarded, and the cells were washed with
phosphate buffered saline and stained with
Giemsa stain. The number of colonies developing
in both the untreated and H3_TDR-treated
cultures was scored and compared.

Survival curves plotted from the data indicate
the killing effect which results from the intranu
clear incorporation of H3_TDR. At concentrations
of 0.02, 0.1, and 0.5 fLC/ml H 3-TDR (specific ac
tivity 1.88 C/mM), the percent survival was re
peatedly found to be 88, 20, and 5, respectively.
The lethal action of H 3-TD R has been shown to
be a function of both the dose and the specific ac
tivity. A significant increase in the lethal effect of
low levels of H3_TDR (0.02 to 0.04 fLC/ml) has
been demonstrated by prolonging the period of
exposure to the radioisotope.

Cells grown in medium containing H3_TDR
show distinct cytological changes. One of the most
striking alterations is the enlargement of the nucle
us; the nuclei of treated cells are 2 to 3 times the
diameter ofuntreated cells. Morphological changes
in the cytoplasm and cytoplasmic membrane are
also clearly visible.

In numerous experiments it was found that 5 to
10% of the S3 cells will survive and eventually es
tablish colonies of cells following a 24-hr growth
period in medium containing high levels of H 3_
TDR (0.2 to 10 fLC/ml). It is believed that these
few survivors represent cells in the population
which were at a much more advanced stage of
desoxyribonucleic acid synthesis at the time that
the radioactive isotope was added to the culture
medium. That this is the case is suggested by the fact

that, if the cells are allowed to remain in the radio
active medium until they enter a subsequent DNA
synthetic period, no survivors are found.

The lethal effect of H3_TDR on S3 cells is rea
sonably believed to be the result of intranuclear
irradiation. Growth inhibition and cell death by
tritiated water is accomplished only by concentra
tions in the medium of the order of 1000 to 2000
times that at which H3-TDR exhibits its effects.

Whether or not intranuclear irradiation by trit
ium induces mutations is an area of investigation
as yet unexplored. Experiments designed to test
for mutation effects are being considered. Studies
of the effects of tritium on cells in tissue culture
are being extended to include other tritium
labeled purine and pyrimidine nucleosides. Inves
tigations with tritium-labeled cytidine are under
way.

Intranuclear Irradiation With Tritium

The increasing use of tritiated thymidine in vivo
has brought about a need for experimental data
correlating the radiation effects of intranuclear
tritium with the size of the injected dose. The loss
of radiosensitive spermatogonia (LD,oX20 r) from
the mouse testis was determined after intraperi
toneal injection of various doses of tritiated thymi
dine. These data were compared with those of
Oakberg (Oak Ridge National Laboratory) fol
lowing external irradiation with CoBo gamma-rays.
The effect on spermatogonia of an injection of 1
fLC/g body weight was comparable to that of2
r/day. The study was completed and the results
were submitted for publication.

PHYSIOLOGY OF PROTEINS - HORMONES

Radioisotopic Labeling of Hormones
To Determine Action Sites

Mechanism of Hormone Action

Lysine vasopressin and arginine vasopressin
were purified from partially processed mixed hog
and beef pituitary powder by countercurrent dis
tribution and ion exchange chromatography. Both
hormones were labeled with H3 by the Wilzbach
procedure, freed of exchangeable tritium, repuri
fied from the mixture of radiation degradation
products, and shown to have retained biological
activity.
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By using the preparation of H3"labeled vaso
pressin which proved to have the highest specific
activity (0.32 me/mg), evidence was obtained
suggesting that this hormone is attached at its
renal receptor site by coulombic forces, hydrogen
bonds, and a covalent (disulfide) bond probably
formed by a disulfide displacement reaction in
volving the hormone disulfide bridge and thiol
groups on the receptor protein.

1'31-labeled vasopressin has been prepared and
recovered as a chromatographically and electro
phoretically homogeneous and biologically active
component.

In human essential hypertension there appear
to be abnormalities in water and electrolyte me
tabolism. Because of the effects of antidiuretic hor
mone (ADH, vasopressin) on both water and elec
trolytes, studies have been initiated on a possible
relationship between this hormone and human
hypertension.

The major portion of the time has gone into pre
paring hormone labeled with H3 or 1131

• For trit
ium labeling, purification of the crude pitressin
powder by column chromatography was followed
by exposure of pure arginine and lysine vasopres
sin to tritium gas, rechromatographing to obtain
the tritiated hormone, and, finally, bio-assay. For
iodination it was found that the pure fractions of
arginine and lysine vasopressin were completely
destroyed when exposed to 1'3'. However, an 1'3'_
ADH could be obtained by iodination of the crude
pitressin powder and then separation by column
chromatography. The finall'31-ADH appears to
have ;::::1/1000 the biological activity of the cold
ADH and tritiated ADH.

It now appears possible to use this labeled, bio
logically active material to study the rate ofdegra
dation of the hormone in normotensive and hyper
tensive rats under various conditions of salt intake.
Extension of this technique to patients seems pos
sible; by isotopic dilution procedures, changes in
ADH production can be measured in association
with other parameters such as salt intake, serum
osmolality, and blood pressure.

Localization and Action
of Vasopressin in the Rat Nephron

A loss of metachromatically staining hyaluronic
acid from the interstitial spaces of the rat kidney
following water deprivation or vasopressin injec
tion has been reported in the Russian literature.
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Attempts to substantiate this phenomenon in this
laboratory have failed thus far. The amount of
ground substance in the kidney does not appear to
affect the reabsorption of water from renal tubules.
The amount of metachromatically staining mate
rial has not been significantly different in animals
which have been water-loaded, dehydrated, in
osmotic diuresis, or injected with vasopressin.

Studies have begun on the microdissection of
nephrons to localize 1'3'-labeled vasopressin auto
radiographically in the intact renal tubule.

The Interaction of Hormones, With
and Without Radiation Exposure

The following experiments are in progress, but
not yet completed. 3,3',5'-Triiodothyronine is be
ing tested for its biological potency in fowl and
rats. In goiter prevention tests, this compound has
proved to be much less potent than thyroxine. It
is now being tested for its capacity to inhibit the
antigoitrogenic properties of thyroxine and 3,5,3'
triiodothyronine in rats; however, the results are
not clear cut.

Androgen and thyroxine act synergistically to
stimualte chicken comb growth, but no interaction
was found between sex hormones and thyroxine
when tested on the chicken oviduct or secondary
sex characteristics ofrats. The radiation effect of
multiple doses of 1'31 on the rat thyroid gland is
being studied with varying levels ofTSH and thy
roid hormone.

PHYSIOLOGY OF PROTEINS - BIOCHEMISTRY

Interactions Between Proteins and
Lipids in the Plasma Lipoproteins

The a-lipoprotein has been freed of lipid by the
process previously described by Scanu and subse
quently labeled with 1131

• A rapid pickup oflipid
with the restoration of an apparently native lipo
protein has been demonstrated by equilibration
with other lipoproteins either in vitro or in vivo.

Metabolism of C14-Labeled Amino
Acids by Trichinella spiralis Larvae

Investigation of the problems of trichinosis as
studied with radioactive materials has yielded in
formation on host-parasite relationships. Specifi
cally, the effect of an active trichinella infection on
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host (mice) metabolism is being studied. In vitro
turnover studies oflabeled proteins and carbohy
drates were made in the larvae. In vivo studies in
clude the administration of C14-labeled amino
acids in the food of infested mice. The C'4 analysis
of tissues and blood components from the mice is
not yet completed.

The linkage of Neuraminic Acid in Orosomucoid

Although neuraminic acid in its various forms
occurs in many diverse components throughout
animal organisms, the nature of its linkage has been
established in only a few cases. The present report
gives evidence that in orosomucoid, the (Xl-acid
glycoprotein of human plasma, N-acetylneura
minic acid (NANA) is linked to galactose residue.

Previous studies in this laboratory have shown
that 15 to 16 NANA residues can be cleaved from
orosomucoid by an enzyme present in filtrates of
Clostridium peifringens and can be removed by dial
ysis to leave a mucoid essentially free of N ANA.
It was further shown that sodium periodate reacts
rapidly with native orosomucoid, apparently pri
marily with its NANA residues. The action of
periodate on the NANA-free mucoid is much
slower, but the ultimate periodate consumption of
the two proteins is the same on a molar basis. Thus
in the enzymic cleavage of NANA from orosomu
coid, new groupings susceptible to periodate oxi
dation are released. An analysis for the various
carbohydrate constituents of the NANA-free mu
coid before and after periodate oxidation should
show which one was destroyed by oxidation and
thus identify the constituents to which NANA was
linked in native orosomucoid.

When suitable analyses were carried out, it was
found that::::: 14 moles galactose per mole protein
were destroyed in 5 hr by periodate oxidation of
the NANA-free mucoid, while the other carbohy
drate constituents (glucosamine and mannose)
were not significantly reduced in amount. Since
the galactose residues in native orosomucoid are
immune to periodate oxidation, it is probable that
the NANA residues are linked to carbon 3 of the
galactose.

Studies on the Linkage
Between Carbohydrate and Protein in Orosomucoid

Little is known about the linkage between car
bohydrate and protein in any of the mucoproteins.

In the mucoprotein orosomucoid, there is no indi
cation of whether there is one polysaccharide unit
bound through a single linkage to the protein or
whether there are several smaller oligosaccharides
bound to the protein through multiple linkages.
A study has been undertaken to try to answer
these questions. The linkage has been found to be
largely resistant to treatment with barium hydrox
ide (saturated solution at room temperature) at
100 0 for 6 hr. Most of the carbohydrate remains
nondialyzable, whereas most of the amino acids
are liberated in dialyzable form. Of the few amino
acids remaining with the carbohydrate, aspartic
and glutamic acids predominate; because traces
of other amino acids are also present, no reliable
conclusions can be drawn. It is hoped that modify
ing the conditions and purifying the products of
the reaction may lead to more definitive results.

Another approach to the problem is under way
which involves the treatment of the protein with a
variety of proteolytic enzymes in succession to re
move as much of the protein part of the muco
protein as possible. It is hoped that this milder and
more specific approach may yield a better defined
product.

Action of Bacterial Enzymes on Orosomucoid

Bacterial enzymes which will degrade orosomu
coid are being used to determine the chemical
composition of the glycoprotein. Culture filtrates
of Clostridium peifringens have been found to con
tain an enzyme which cleaves sialic acid from the
orosomucoid. Details of work done with the Clos
tridium peifringens enzyme were reported earlier. At
present the enzyme activity of an organism iso
lated from soil is being investigated. It has been
found that this bacterium, a species of Flavobac
terium, enzymatically degrades the protein compo
nent of orosomucoid. Thus far work has been done
only with the intact bacteria, but it is now planned
to investigate the enzymatic activity of cell-free
extracts. It is hoped that more active enzyme
preparations may be obtained.

Relationships Among Urinary Mucoproteins and
Effect of Radiation on Mucoprotein Physiology

The studies on the urinary mucoprotein ofDi
Ferrante have been completed. The results of two
independent methods, light scattering on one hand
and ultracentrifuge and viscosity on the other, in-
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dicate that the Di Ferrante mucoprotein is com
posed of molecules with a molecular weight of
3.5X 106

, a length of2.9X103A, and a width of42
A. The molecules are rigid and rodlike. The sedi
mentation constant in water extrapolated to infi
nite dilution is 22.3 svedbergs at 20°C; the intrin
sic viscosity is 324. Therefore, this molecule repre
sents V2 of the molecule of which the urinary pro
tein ofTamm is composed. The major (Tamm)
molecule consists of two of the Di Ferrante mole
cules joined end to end to make a rigid molecule
of twice the length but of the same width.

In the course of work on the Di Ferrante muco
protein, an attempt was made to prepare this
mucoprotein directly from purified preparations of
the Tamm mucoprotein. By using this procedure,
a third type of molecule is obtained which has
been characterized physicochemically. Again, two
independent methods were used, namely, light
scattering, and ultracentrifuge and viscosity. This
molecule has a molecular weight of 1.7 Xl 0 6

, a
length of 1.5 Xl 03 A, and a width of 42 A. It has
an extrapolated sedimentation constant of 19.0
svedbergs and an intrinsic viscosity of 100. These
data imply that this molecule forms 1,4 of the mole
cule of the Tamm mucoprotein and, in turn, 1/2 of
the molecule of the Di Ferrante mucoprotein.
Electrophoretic studies show that this component
consists of equal numbers of two kinds of molecule
which differ only in charge and not in size or
shape. Quantitative studies show that all four
quarters of the Tamm mucoprotein are recovered.
It is concluded, then, that the Tamm mucoprotein
molecule is composed of 4 quarters of equal size
and shape, 2 of which differ in charge from the
other 2.

Because of the possible relationship of the
Tamm mucoprotein to the formation of kidney
stones, an attempt was made to measure the bind
ing of ions by this mucoprotein. Through the kind
ness of Dr. Bertinchamps, an ultrafiltration experi
ment was done with the Tamm mucoprotein in
aqueous solution with radioactive manganese. It
was found that the Tamm mucoprotein has a pro
digious ability to bind manganese. It is proposed
to continue these studies with a variety of ions.

The study of urinary mucoproteins obtained
from irradiated dogs supplied by Dr. Perman has
continued. The destruction of the Tamm muco
protein following radiation has been confirmed
not only by viscosity measurements but also by
ultracentrifugation in several dogs. The ultraviolet
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absorption spectrum of preparations which should
contain purified Tamm mucoprotein is much
modified following radiation. The protein absorp
tion peak at 278 mIL decreases in height or entirely
disappears coincident with the appearance of new
peaks either at 260 mIL or at 310 mIL. The interpre
tation of these data is not yet completely clear.

In collaboration with Dr. Wolins, the study of
urinary mucoproteins in a variety of disease states
has continued. Samples from five children with
cystic fibrosis of the pancreas have been obtained
from Dr. Karelitz at the Long Island Jewish Hos
pital. Each sample shows an abnormal type of the
Tamm mucoprotein which has an unusually high
viscosity. Ultracentrifuge studies have been made
on these preparations. It is felt that the molecules
of Tamm mucoprotein in this disorder are poly
merized end to end to provide a longer molecule
with, however, no greater width. This long mole
cule is unstable and is broken into shorter frag
ments either on standing or more quickly upon
repeated salt precipitation.

As previously noted, the mucoprotein ofTamm
has a tendency to aggregate reversibly into mole
cules of molecular weight 28 Xl 06

• This aggrega
tion is influenced by the presence of calcium salts
and is now under intensive study.

Studies on Cytochemical Mechanisms of
Bone Growth and Repair During Aging

Studies were made of the content and variations
in mucopolysaccharides, concomitant with aging
of femoral periosteum of Sprague-Dawley rats.
The animals ranged from 1 day to 104 wk ofage.
Histocytochemical staining methods were used in
addition to preparation of S35 autoradiographs.
Such studies furnished information regarding age
changes and distribution of a vital class of bio
chemical components involved in bone physiology.
The data will serve as a base line of information
for future similar studies concerning bone repair
in aging animals.

Radioisotopes for Study of Protein
and Nitrogen Studies of Collagen

The processes of formation and turnover of col
lagen, the structural-supporting protein constitut
ing :::::::40% of body protein, are under study. Hy
droxylysine, an amino acid that occurs only in col-
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lagen, is being used as a tool for this study. It has
been shown in this laboratory that the hydroxyly
sine in collagen is formed entirely from lysine.
Even hydroxylysine itself given by mouth or injec
tion is not incorporated into collagen. The forma
tion of hydroxylysine from lysine has been found
to occur either at the moment of, or within min
utes after, incorporation into the collagen. It is a
matter of general metabolic interest whether hy
droxylation occurs after incorporation, for there
has been no evidence that any other amino acid
is changed after incorporation into a tissue pro
tein. To obtain evidence on this point, studies are
being carried out to ascertain the extent to which
C14-la beled lysine is converted into hydroxylysine
of the collagen of rats at varying intervals after
administration of C14-lysine. Evidence has been
found in these experiments that part of the hy
droxyl groups of the hydroxylysine are chemically
combined in the collagen molecule, perhaps as a
factor in the functional structure of the molecule,
and studies are under way to ascertain the nature
of the binding.

PHYSIOLOGY OF CARBOHYDRATES
AND LIPIDS: RADIOISOTOPIC TRACING

OF TOTAL AND INTERMEDIATE
CARBOHYDRATE METABOLISM

Formation and Incorporation
of Pentoses in Nucleic Acid

In a continuing search for precursors of ribose
and desoxyribose in mammalian nucleic acids,
tritiated desoxyribose, l-C14-ribose, and 1,2_C14_
acetaldehyde were tested for uptake by HeLa and
Osgood cells in tissue culture. Relatively little ac
tivity was found in desoxyribose bound to DNA
purines or concentrated in the nucleus (by radio
autographic measurement) when labeled desoxy
ribose or acetaldehyde was used as substrate.
Labeled ribose, on the other hand, showed consid
erable concentration in the nucleus, and this ac
tivity was shown to be substantially and rapidly
present in DNA. The cellular uptake and distribu
tion of C14-ribose was similar to that of tritiated
cytidine. These findings in general tend to sup
port the concept that desoxyribose of DNA is de
rived from ribose or a derivative of ribose in these
tissues and that a separate synthesis or incorpora
tion of free desoxyribose does not occur.

Pathways of Glucose Utilization in Electric Eel

It is not known what forms of chemical energy,
or what biochemical reactions, are supportive and
productive of the high electric potentials found in
the electric organ of the electric eel. By comparing
production of C 140 Z from 6-C14-glucose and from
l-C14-glucose, it is possible to distinguish relative
activities of the Embden-Meyerhof glycolytic
pathway and other routes of glucose catabolism. It
was found that the ratio of C 14 0 Z yield from 6
labeled glucose to the yield from I-labeled glucose
was 0.14 for electric tissue; similar values were
found for other tissues (liver, heart, and muscle) of
the electric eel. Such findings indicate that glucose
in this species is oxidized for the most part by some
mechanism other than the Embden-Meyerhof
pathway, probably the pentose phosphate path
way.

Radiation Physiology
of Blood Lipids and Adipose Tissue

Effects of radiation on the storage and transport
forms of body fat represent virtually unexplored
facets of radiation physiology. Because fat is one
of man's primary metabolic fuels and a major con
stituent of his body, an investigation of the changes
in lipid metabolism and lipid structure resulting
from various forms of radiation offers promise of
new insight into the nature of radiation toxicity.

During the 6-mo period that this laboratory has
been in operation, standard methods for lipid
analysis have been set up and collaborative ar
rangements made for determinations that cannot
feasibly be carried out here. In addition, a prep
aration of albumin-bound palmitic acid-1-C14 has
been made for use in projected experiments as a
label for the miscible pool of nonesterified fatty
acids.

Radioisotope Analysis
of Lipid Mobilization and Transport in Blood

The responses of the nonesterified fatty acid
fraction (NEFA) of plasma to glucagon, ACTH,
and hydrocortisone were studied in normal indi
viduals and in patients with liver disease. In the
latter group, the hyperglycemic response to glu
cagon (2 mg) was diminished or absent, whereas
in both groups the changes in plasma NEFA con-
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centration were identical (an initial fall to 50% be
low followed by a more sustained rise to 400%
above baseline levels).

The fact that glucagon produced a depression
of plasma NEFA level, of similar magnitude and
duration in normal subjects and in individuals
with little or no hepatic glycogen reserve, suggests
that this hormone has an action on adipose tissue
which is independent of the train of events initi
ated by its induction of hepatic glycogenolysis.
However, the later phase ofNEFA elevation prob
ably is associated with depletion of glycogen re
serves and may well depend on the same mecha
nism that brings about the gradual rise of plasma
NEFA level observed in starvation.

The changes in the plasma NEFA concentra
tion following intravenous administration of
ACTH (40 units) and hydrocortisone (100 mg)
were similar to those after glucagon, except that in
the patients with impaired hepatic function the
initial fall in the plasma NEFA level did not oc
cur. This similarity does not imply that glucocorti
coids and glucagon act in the same manner on
adipose tissue. On the contrary, the responses of
the adipose tissue to ACTH and hydrocortisone
are best explained by the action of the glucocorti
coids initially to enhance gluconeogenesis centrally
and ultimately to oppose the effect of insulin on
the uptake and utilization ofglucose at the periph
ery. It is planned to analyze the glucagon response
described above by labeling the NEFA pool with
palmitic acid-1-C14 and comparing the plasma
clearance of radioactivity before and after admin
istration of glucagon. Similar studies are in prog
ress in humans and lower animals to elucidate the
nature and interrelationship of the effects of thy
roid hormone and epinephrine on the mobilization
of fatty acids from tissue stores.

Methodology and
Device Development

In carrying out any research project it is con
stantly necessary to devise new methods and to
improve the old. In some instances the meth
ods are concerned with the establishment of norms
instead of specific analytical procedures. When
specific details of a procedure are known, it is then
possible to determine the experimental variance
within which primary interest may lie. Not infre
quently modifications of analysis or synthesis must
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be developed with considerable effort for one spe
cific study. In this area one is more frequently deal
ing with development of a device than a method.
In other instances, devices must be developed al
most in their entirety for a particular task.

TRITIUM ANALYSIS

A simple method of converting all forms ofor
ganic tritium into a standard form suitable for as
say in a liquid scintillator would expedite biologi
cal studies with this isotope. Various methods of
wet digestion have been investigated. Most oxi
dizing acid solutions appear impractical since they
are incompatible with subsequent counting in a
liquid scintillator either because of colors (e.g.,
chromic acid) or because of quenching (e.g., S02
from H 2S04 or oxides of nitrogen from HN03).
A promising method has been developed employ
ing digestion of dilute acid in a sealed tube with
chlorine gas. Upon cooling and opening the tube
the excess chlorine escapes, and the residue may
be readily dissolved in alcohol and transferred to a
xylene-based scintillator. The small amount of
quenching usually obtained may be estimated by
recounting after the addition of an internal stand
ard. Further evaluation of the method on various
compounds of known tritium content is necessary
fully to assess its adequacy.

THE USE OF GAMMA EMITTERS
FOR TRACER STUDY

OF NUCLEIC ACID CHEMISTRY

The widespread utilization ofH3-thymidine for
the estimation of DNA synthesis by autoradiog
raphy suggests that a gamma-emitting analogue
should be equally useful for the external estima
tion of DNA synthesis in the intact animal. Bro
modesoxyuridine (in which bromine replaces the
methyl group of thymidine) has been prepared
by direct bromination of an aqueous solution of
desoxyuridine with bromine water containing Br82 .
Paper chromatography revealed several radioac
tive components, one of which migrated like thy
midine and had an ultraviolet absorption spec
trum appropriate for bromodesoxyuridine. This
component was utilized by a thymine-requiring
mutant of E. coli. When it was injected into mice
a portion was rapidly excreted, presumably as bro
mide. The excretion of bromide by the mice was
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accelerated by the addition of 1.3% NaCI to their
drinking water. This concentration appeared to
maximize chloride turnover and concomitantly
decreased the half-time for bromide excretion from
40 to 8 hr. About 10% of the radioactivity re
mained after all the bromide should have been
excreted and was presumably incorporated into
DNA.

The short half-life (36 hr) of Br82 limits the in
terval over which retention of radioactivity can be
followed. Therefore the extension of these studies
will utilize p'l! (8-day half-life) in the iodinated
analogue, iododesoxyuridine, which Prusoffhas
shown to be similarly incorporated into DNA.

MICROGASOMETRIC ANALYSIS

The micro form ofthe Van Slyke-Neill mano
metric apparatus for measuring gases evolved from
solutions, constructed last year, has been found
useful in studies of blood gases, of gases formed in
solutions and in solids under the influence of irra
diation, and in the extraction of radioactive gases
for isotope measurement. Precision methods for
gasometric calibration of the apparatus have been
devised, based on measurement of the nitrogen
pressures developed by the reaction of hydrazine
with standard iodate, 2I03-+3N2H4~3N2+

6H2 0+I-. Procedures for measurement of the
blood gases, carbon dioxide, oxygen, carbon mon
oxide, and nitrogen evolved from blood samples
of 25 or 50 mm 3 of blood have been developed
which give an accuracy equal to that obtainable
with 20 times as much blood in the previous stand
ard apparatus. Carbon evolved as carbon dioxide
and nitrogen as nitrogen gas from reactions of
organic substances are measured with an accuracy
of 0.0005 mg and can be transferred for isotope
analysis.

IMPROVEMENT BY ANALYSIS WITH p31

OF THE METHOD FOR DETERMINATION
OF PROTEIN·BOUND IODINE IN SERUM

Measurement of the amount of iodine bound by
the proteins of the blood serum is important in
diagnosis of thyroid disorders. The amounts meas
ured are so minute, normally 0.005 mg/ 100 ml
serum, and the procedure so subject to possibility
of error, that relatively few hospital laboratories

have been able to furnish reliable analyses. A step
by-step study of the successive procedures, protein
precipitation, incineration with various alkali re
agents, etc., has been carried through with use of
tracer amounts of Fl1 to ascertain the points where
losses of iodine occur and to find the simplest con
ditions for avoiding them. As a result, it is possible
to perform about three times as many analyses per
day as formerly, with less danger of aberrant re
sults.

OPTIMAL DOSE OF COLCHICINE IN MICE

The optimal dose of colchicine for mitotic arrest
differs considerably from one species to another
and from one organ to another. Data for mice do
not seem to be available. Therefore, mice were
given different doses of colchicine and sacrificed
4 hr later. Imprints and histologic sections of
lymph nodes, thymus, spleen, Peyer's patches,
bone marrow, and liver are being processed and
will be evaluated with respect to efficiency of
mitotic arrest and cellular damage at the various
dose levels.

RADIOBIOCHEMICAL ANALYSES
OF BODY FLUIDS

Further data on levels of internal contamination
in the exposed Marshallese are being obtained by
radiochemical analysis of their urine. The radio
biochemistry laboratory has been concerned with
the development and standardization procedures
to be used for low level beta counting of Sr90

, C S137,

and K40. One hundred urine samples are being
analyzed, as well as a number of samples of food
and teeth collected in the Marshall Islands survey.

The low level, anticoincidence beta counter re
quired for these analyses is under construction.

RADIOACTIVE ELEMENTS IN ORGANS
AND TISSUES OF MAN: THE MATHEMATICAL

BASIS FOR THE INTERPRETATION
OF THE BEHAVIOR OF TRACERS

Construction of an eight-compartment analogue
computer for simulation of tracer experiments was
completed by the Instrumentation Division near
the end of the fiscal year. Basically this instrument
provides a one-to-one logical correspondence be-
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tween the biological parameters of amount of sub
stance, specific activity, and rate of flow, and the
electrical analogues of capacitance, voltage, and
current. Either fixed charge, fixed voltage, or con
tinuous current can be injected into any compart
ment, and the voltage curves in four compart
ments can be displayed simultaneously on an oscil
loscope. Through the use ofoperational amplifiers
the computer can be made to simulate conditions
of net flow of the unlabeled material (a previous
computer was limited to steady-state situations).
Compartment size or flow rates can be changed
instantaneously as often as ten times per cycle.
Although the computer is designed primarily as
a direct analogue of the biological system, it can
be used indirectly to a limited extent as a differen
tial equation solver through the use of operational
amplifiers. A unique feature of this computer is a
data point generator which makes it possible to
display as many as 96 discrete dots representing
the experimental data on the same display as used
for the curves; this simplifies the problems of find
ing the best eye-fit curves for a given set of data.
The X and r coordinates for each point are ad
justable over the complete range of the display. An
independent strobe dot is also available for deter
mining the X- r coordinates of any point of inter
est, such as the intersection of two curves. Perma
nent records are obtained by photographing the
oscilloscope screen. R.M. SUGARMAN* AND

D.W. POTTER*

DEVELOPMENT OF THE USE OF EUROPIUM-155
IN PORTABLE RADIOGRAPHIC DEVICES

The feasibility of using Eu '55 as a low energy
gamma source for radiography of the human body
has been demonstrated with a 15-mC source. This
low amount of activity, however, requires incon
veniently long exposure times; the desired expo
sure times require several curies of activity. Eu'55

is produced by neutron activation of Sm'5" fol
lowed by beta decay. A chemical procedure for
separating the Eu155 from samarium has been de
veloped. This depends upon reduction of the euro
pium from the trivalent to the divalent state with
amalgamated zinc under conditions which do not
reduce samarium and subsequent precipitation of
the trivalent samarium as the hydroxide, by using

*Member of the Instrumentation Division.
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NH40H. The europous hydroxide is soluble and
is filtered off. No samarium comes through in the
filtrate if a fine-porosity glass filter is used. The
maximum yield of europium was 60% when euro
pium carrier was used with 100 mg samarium.
Attempts to achieve carrier-free Eu'55 gave yields
of only 1%, however. Apparently the low yield in
the latter case is due in part to reoxidation within
the filter. Further development of this process
would involve a scale of operations regarded as
being out of the Medical Department's province.

Medical Research
Reactor Development

During the quarter April to June 1959 strenuous
efforts were made to bring the Medical Research
Reactor (MRR) to an operational state for re
search. This entails production of emergent radia
tion useful for projected researches in medicine, as
opposed to engineering operations of the core
mechanism, which were tested and found to meet
specifications. The delay in completion of the
Medical Center building spurred efforts to com
press initially planned testing of moderators and
reflectors in the MRR. Inadequacies in the heavy
water tanks for moderation required that these be
fabricated anew; meanwhile this space was filled
with graphite in the hope that the emergent neu
trons would still conform to a useful energy dis
tribution pattern. It has been found that this is not
the case. Presumably with the greater moderating
effect which can be achieved with heavy water
many of the present difficulties will at least be re
duced. As soon as the new tanks are completed
they will be installed. In the meantime it has been
established that under present conditions the neu
tron flux is somewhat less than anticipated, i.e.,
2 X 1010 rather than 10". With the lessened scat
tering that can be achieved by better moderation
and an improved reflector system, it is hoped to
reach the original goal.

As installed, the gamma-ray filters in the shut
ters are of unequal effectiveness, due presumably
to differences in size and placement. These factors
and others - some still unknown - are in part re
sponsible for failure of the reactor to deliver the
full neutron output mentioned previously. Con
comitantly, the substitute materials in the reflector
have apparently contributed to a greater gamma
ray contamination than anticipated.
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No consistent relationship has yet been estab
lished between the indicated reactor power level
and the useful radiation output at the several
points of application designed specifically for med
ical research use. While the MRR has been oper
ated at various power levels for exploratory pur
poses, which has led to permission from the Reac
to/: Safeguards Committee for operation up to 3
Mw, the absence of consistent instrumental con
trol from the standpoint of medical operations
emphasizes the need to apply and to evaluate all
practical measurement methods for effective con
trol of each constituent of the radiation present in
the experimental area.

Radioactive Elements
in Organs and Tissues of Man

The whole-body counting device was employed
in a number of studies described in other portions
of this review of research activities.

BALANCE STUDIES
BY WHOLE-BODY COUNTING

OF LABELED COMPOUNDS

By means of whole-body counting the rate of
degradation of administered albumin was meas
ured. The sensitivity of the whole-body counter
made possible the determination of the turnover
of I 131 -labeled albumin in patients with tracer
levels as low as 0.2 to 0.3 JLc. Six patients, two
with carcinoma, Olle with a previous mastectomy,
and three control patients, were followed for peri
ods ranging up to 52 days.

ACTIVATION IN PATIENTS
DURING NEUTRON CAPTURE THERAPY

The gamma spectra of neutron-induced activi
ties were measured for 24-hr periods in five pa
tients following neutron therapy with the Medical
Research Reactor. The induced Na24 activity was
correlated with the thermal neutron dose received.

ACTIVATION IN ANIMALS
FOLLOWING WHOLE-BODY NEUTRON EXPOSURE

Gamma spectra of neutron-induced activities
were measured in four rabbits following whole
body exposure to a neutron stream from the Medi-

cal Research Reactor. Induced Na24 activity was
correlated with Na24 in blood samples drawn from
the rabbits for a 24-hr period. An experiment is in
progress to quantify the neutron-induced Na24 ac
tivity in order to calculate the radiation dose from
this isotope.

General Radiation Effects
of Accelerator-Generated Neutrons

Studies have been made of the acute effects in
mice of the monoenergetic neutrons available from
a tritium target exposed to a proton beam from
the Van de Graaff generator. Results in each case
were compared to those with 250-kvp x-rays.

Exploration oflower neutron energies using the
sensitive criterion of spermatagonia death in the
mouse testis indicates a relative effectiveness of:::::2
at 0.2 to 0.3 Mev, with the apparent spike of >10
at 60 kev. A neutron dose rate study with the
mouse testis suggests no difference between 100
rad/hr and 1 rad/hr. An investigation is being
conducted of the relative effects of monoenergetic
neutrons on the incorporation of H3-thymidine
into bone marrow cells of various animals, but re
sults are not yet complete. A study of the stress ef
fect on spleen and thymus of mice indicates no ef
fect on the former, but up to 25% weight loss in
the latter due to stress alone.

Activation Analysis

The utilization of selective activation of ele
ments for analytical purposes, particularly for use
with biological specimens, is being developed as a
separate project for general application. One type
of activation being widely exploited in the Medi
cal Department is neutron capture therapy. In the
present study, the prime goal is to use gamma
spectroscopy as an analytical tool and to develop
this in such manner that complex mixtures can be
analyzed for elemental components without chem
ical separation and without alteration of the tissues
in any way. Much development of instrumenta
tion will be needed in this effort.

SELECTIVE SINGLE ELEMENTAL
AND COLLIGATIVE ACTIVATION

Direct, nondestructive observation of the Mn56

spectrum following activation of the sample in a
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nuclear reactor has become possible with an as
sembly employing beta, gamma coincidence
counting and a standard 100-channel analyzer.
To date, actual measurements of manganese in
mixtures by this method are not possible; there
fore chemical separation of the activated element
is necessary. A system which utilizes ashing in an
oxygen atmosphere and solvent separation is now
being investigated. Selective separation of radio
activity and manganese carrier seems to be pos
sible in a 2-phase system employing tetraphenylar
sonium as the binding agent.

ACTIVATION ANALYSIS OF TISSUES
FOR SODIUM, POTASSIUM, AND CHLORIDE

For several years we have been studying the ef
fect of variations in sodium intake as well as varia
tions in concentration of sodium in extracellular
fluid on the composition of vascular structures, in
cluding smooth muscle and connective tissues. Be"
cause of the small quantities of ions involved, the
techniques ofactivation analysis have been investi
gated. During the past year, this type of analysis
has been standardized for sodium and chloride,
but not for potassium. It has been suggested by our
consultants in physics that a beta spectrometer
would resolve the problem favorably. Until the
procedure for potassium analysis has been solved
satisfactorily, the use of activation analysis for this
project must be delayed, since potassium concen
trations playa major role in mammalian tissues.

Hospital

The increase in use of hospital facilities for re
search studies continued during the past year. Pa
tient days totaled 8804, compared with 8759 for
the previous year. During the year 115 persons
were admitted to the hospital; of these 9 were em
ployees and 106 were research patients. The am
bulatory service for patients who could be followed
up satisfactorily in this manner to reduce hospi
talization time and for those whose diagnostic and
therapeutic tests could be completed without hos
pitalization accounted for 751 out-patient visits
compared with 436 during the previous year. The
total number of persons seen on the research serv
ice was 130, of whom 61 were new patients. Radio
active isotopes of 11 different elements were used
in the diagnosis and therapy of 87 patients during
the year. The major disease states studied and
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treated in the hospital were glioblastoma multi
forme, leukemia, polycythemia vera, rheumatoid
arthritis, hypertension, visceral cancer, paralysis
agitans, diabetes mellitus, multiple myeloma, and
disorders of the thyroid. With the exception of the
studies in essential hypertension by Dr. Dahl, no
services are maintained for specific disease states
since the clinical investigations are basic; each
patient, following referral by his own physician, is
individually selected for both disease and stage of
disease, and is admitted because study or treat
ment of the disorder at that time is thought to be
advantageous to both patient and physician. The
medical profession has been most cooperative in
the referral of patients to the hospital and in the
necessary follow-up studies. No patient is exam
ined or admitted to the hospital at his own request,
and no patient is accepted for unrestricted medical
care; each case is accepted with a specific goal in
View.

An Emergency Plans Committee has been ap
pointed to recommend and evaluate procedures
for maintaining the highest standards of patient
safety in the new Medical Research Center.

Industrial Medicine

During the fiscal year visits to the Industrial
Medicine service increased at a greater rate than
in many recent years. Visits totaled 15,157 com
pared with 13,133 in the previous fiscal year. Rou
tine annual examinations are being scheduled at
>12-mo intervals because of the time required
daily for loss-of-time prevention visits and the pri
ority scheduling of examinations of employees en
gaged in radiation areas or in hazardous activities.
The number of x-ray examinations increased from
2005 to 2236. All roentgenological examinations
are carefully controlled so that a minimum expo
sure is given. The inclusion of an image intensifier
with an 8-in. scanning area in the x-ray equip
ment to be installed in the new Medical Research
Center will make possible further reduction ofex
posure during fluoroscopic examinations. In gen
eral, the state of physical fitness ofBNL employees
continues to be excellent in relation to the tasks to
which they are assigned.

Special Proiects

Besides its broad and basic program in medical
research the Department is responsible for addi-
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tional special projects, which may be either intra
mural, extramural, or both. A special project is
one in which Department members are engaged
not because their scientific abilities will necessarily
be enhanced by such participation but because their
experience at Brookhaven uniquely qualifies them
to assume responsibilities and perform tasks which
can be best carried out by experienced and far
sighted persons. At present three such projects are
under way: one is concerned with radiation effects
within a population and two with education and
training in their broader contexts.

MEDICAL STUDY
OF THE PEOPLE OF THE MARSHALL ISLANDS

In March 1954, following the detonation of a
nuclear device, 239 Marshallese people were acci
dently irradiated by fallout. These people have
been cared for by medical teams under the aus
pices of the Division of Biology and Medicine of
the US AEC. Annual medical surveys are organ
ized and carried out by the Brookhaven Medical
Department with research collaborators from many
institutions. The five year postexposure survey
was carried out in February-March 1959, and the
data are now being analyzed. The results of the
four year postexposure survey completed in March
1958 have been published as Medical Survey of
Rongelap People, March 1958, Four Years After Exposure
to Fallout, BNL 534 (T-135). Plans are now being
made for the next annual medical survey in
March 1960 at six years postexposure. Since the
acute effects of radiation exposure in these people
have subsided, efforts in the future will be con
cerned with medical examinations and gamma
ray spectroscopy. Studies of the racial homogene
ity and genetically inherited characteristics ofthese
people will be continued in view of their impor
tance in interpretation of the findings.

MEDICAL DEPARTMENT CONCLAVES

As part of its general educational endeavor the
Department has sponsored jointly with the Divi
sion of Biology and Medicine of the US AEC a
series of annual conclaves on nuclear science in
medicine. Participation is by invitation only, and
the objective is to provide two full days of discus
sion and demonstration dealing with a special field
of medicine in which the visitors are qualified.

Members of the Brookhaven Medical Department
Staff give talks as a basis for discussion as well as
demonstrations of various devices useful in atomic
energy programs. The first of these conclaves, held
March 15 and 16, 1956, and entitled "A Critique
of Present Knowledge and Investigations of the
Effects of Radiation Upon the Central Nervous
System," was attended by physiologists, pathol
ogists, neuropathologists, clinicians, and biochem
ists interested in the central nervous system. The
second conclave, "The Responsibility of the Chair
man of the Department of Pathology for Training,
Research, and Hospital Practice in the Field of
Nuclear Energy," was held February 6 and 7,
1958. The third conclave, "The Impact of Atoms
on Medical Science and Education," was held
December 15 and 16, 1958, for the deans ofmedi
cal schools. Each of the conclaves has been very
well attended, and discussion has been spirited.
This coming October it is planned to hold another
conclave for chairmen of departments of surgery,
with the theme "Nuclear Medicine in Surgical
Research and Practice." Again, joint participation
of Brookhaven's Medical Department Staff and
visiting specialists promises a full and interesting
two-day discussion.

MEDICAL STUDENT INSTITUTE
OF NUCLEAR MEDICINE

The role of Brookhaven's Medical Department
in furthering the education of the medical student
in the effects of atomic radiation has been a source
of constant study and discussion. None of the pro
cedures tried out previously appeared to be very
satisfactory for medical students; in particular,
they failed to provide for either breadth of ex
perience or widespread selection of students. This
year a radical departure in emphasis was the out
come of discussions with Dr. Truslow of the Uni
versity of Texas Medical Branch, Galveston, which
began during the deans' conclave and resulted in
a pilot study for which the University of Texas
Medical Branch undertook to provide three full
time faculty members for a student institute at
Brookhaven. A course of lectures and laboratory
sessions was worked out by the two groups. Mem
bers of the Brookhaven Staff were called upon for
lectures in their special fields, and laboratory
facilities were made available under the direction
of scientists or technical staff members of this De
partment working with the University's faculty

,
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members. A very successful five-week intensive
study and training period was enthusiastically car
ried out by the eight students selected and the
three visiting faculty members. Certainly the pro
cedure must be explored further with particular
reference to means for making it available simul
taneously to a number of medical schools. The
whole development is under intensive study by the
Medical Department Staff members concerned.

General Activities
of the Medical Department

During fiscal 1959, 45 staff scientists carried on
the work of the Department with an average of
114 technical assistants and 21 administrative and
clerical assistants. The work equaled 167 man
years. Included in the program was the work of 82
research collaborators and 18 technical collabora
tors from 57 institutions in the United States and
5 foreign countries. The estimated collaborative
effort alone was not less than 10 man-years. In ad
dition, 25 medical students from 13 institutions
were engaged in departmental activities; of these,
8 participated in the Medical Student Institute.

Annually, the number oflectures given by the
staff increases. During fiscal 1959,42 members of
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the Department gave 217 lectures or informative
talks to groups or societies at many institutions and
at the Geneva Conference in September 1958.
These talks, which ranged from highly technical
discussions to broadly informative lectures, repre
sent a significant educational effort. Departmental
members also participated in programs here at the
Department given to 291 members of 10 profes
sional groups and to 284 members of9 nonscien
tific groups. During the same period, 33 invited
lecturers from 20 institutions gave talks to the
Medical Department Staff. Both as a donor and a
recipient of educational endeavor the Department
must receive a high mark. In addition to the
foregoing activities, 310 professional visitors from
135 institutions in the United States and 27 foreign
countries participated in individually scheduled
conferences with members of the Department.
Nearly all these conferences are so scheduled that
the visitor and staff member can discuss their mu
tual interests privately, and each visitor usually
has such conferences with a minimum of four staff
members, generally from different divisions of the
Department. Indeed, a very considerable effort of
each member goes into this type ofendeavor. Gen
eral Laboratory activities not restricted to the
Medical Department are not included in the
above figures.
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A number of organizational units in the Labo
ratory provide the technical services and facilities
essential to the research programs. Descriptions of
their operations follow under appropriate headings.

REACTOR OPERATIONS

The graphite research reactor operated on a
continuous basis and without incident throughout
the year. Scheduled reactor downtime totaled
1217.50 hr, and unscheduled downtime accounted
for 31.47 hr; thus the reactor was in operation at
full power during 85.8% of the year. The un
scheduled downtime consisted of 12 shutdowns,
electrical power failures accounting for 10 of these.

Graphite Annealing

The ninth and tenth annealing operations were
conducted on December 21 and 22, 1958, and
May 30 and 31, 1959. The procedures varied in
that the ninth annealing was conducted with the
minimum air flow required to give prompt detec
tion of fission product loss, and the tenth allowed
for longer periods at maximum graphite annealing
temperature, 350°C. The tenth annealing pro
duced the most encouraging results to date in that
the growth recovery averaged ;::::: 100% of the
growth since the previous anneal, which illustrates
the importance of annealing time at high tempera
tures.

Operating Experience
With Enriched Fuel Elements

During fiscal 1958 the natural uranium fuel was
completely removed from the reactor, and as of
July 1, 1958, the reactor had operated for 21/2

months with enriched fuel. The reactor size was
292 channels; its power level was 13 Mw with a
maximum central flux of ;:::::2 X 10'3 neutrons/cm2



sec.
During fiscal 1959, the reactor loading has been

increased by adding to the number of loaded
channels to compensate for the U235 burned up;
the current loading is 473 channels. As more
channels were added, the reactor power level was
gradually increased to 18 Mw, while approxi-
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mately the same central power density and flux
were maintained. The volume of the reactor in
which the maximum neutron flux is available was
significantly enlarged as the power level and load
ing increased.

During the course of the year, the central ele
ments in the 35-channel central cell * exceeded
40% burn-up of the U 235 atoms originally present.
Routine discharging procedures have commenced;
these consist of removing the two central elements
(highest burn-up) in a channel, adding two new
fuel elements at the channel extremities, and mov
ing the remaining six elements one space toward
the gap. To date, 101 elements of >40% bum-up
have been removed, and the tools provided for this
purpose seem to be generally satisfactory.

Difficulties were encountered with some of the
elements because of broken end rings and, in one
case, a broken plate. A metallurgical examination
of the broken plate was inconclusive. All the ele
ments with broken end rings were from the orig
inallot of 300 elements. A weakness of the end
ring design had been noted and corrected in all
subsequent elements.

The reactor power level is expected to reach 20
Mw by the fall. The final size of the reactor is ex
pected to be ;:::::600 channels.

New Fan Procurement

One of the advantages of reloading the reactor
with enriched fuel, lower cooling cost, can be fully
realized by the procurement of new fans designed
for the proper system pressure losses and volume
requirement. Some partial savings have been
effected by operating the present equipment at
reduced load.

% REACTOR REACTOR COOLING

YEAR OPERATING TIME POWER COSTS

1957 87.6 $484,624
1958 76.3 408,044
1959 85.8 388,449

*The first loading of enriched fuel consisted of a 35-channel
cell which has been in operation since December 28, 1956. All
elements were from the first 300 elements produced by the
Sylvania-Corning Nuclear Corporation.



136

Table 1

Summary of Reactor Use Charges
•

PHYSICS
37.5

PHYSICS

33.3

= ISOTOPES AND IRRADIATIONS AND RENTALS ,OUTSIDE ORGANIZATIONS

_ ISOTOPES AND IRRADIATIONS, B N L DEPARTMENTS= RENTALS, BNL DEPARTMENTS

Fiscal year

PHYSICS

27.2
CHEM.

5.3

1959 1958 1957

Outside Organizations
BNL Departments

Physics
Chemistry
Nuclear Engineering
Reactor
Medical
Biology

Total

Outside Organizations*
BNL Departments

Physics
Chemistry
Nuclear Engineering
Reactor
Medical
Biology
Other

Total

Total Use Charges

RENTALS

$ 175,294 $ 197,562

$494,694 $439,898
74,280 74,280

175,020 159,420
85,408 133,874
66,000 66,000
51,790 947,192 46,754 920,226

$1,122,486 $1,117,788

ISOTOPES AND IRRADIATIONS

$ 81,600 $ 83,400

$ 16,427 $ 12,121
4,553 9,114

16,744 37,620
150 1,250

6,489 4,973
362 3,474
130 44,855 398 68,960

$ 126,455 $ 152,360

$1,248,941 $1,270,148

$ 202,202

$377,788
74,238 ,

140,698
229,842

70,760
52,122 945,448

$1,147,650

$ 81,600

$ 18,759
6,910

28,264
1,646
4,903
1,122

475 62,079

$ 143,679

$1,291,329 ...
*Rental charges to Isotope and Production Group for use of isotope and irradiation facilities for outside users. The

figures in Table 2 indicate outside income and therefore do not agree with those in Table 1.
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The Green Fuel Economizer Company was the
successful bidder for the new fan equipment.
Orders have been placed, and delivery of three
new 1000-hp fan-motor sets is expected by fall.

Utilization of the Reactor

The reactor has been fully utilized throughout
the year to the point of congestion of the available
floor space with experimental apparatus. In Table
1 the relative use of the reactor by the BNL re
search departments and outside research organiza
tions is shown for the past three years.

The shielding facility, located in position T-19
on top of the reactor, was used continuously by the
Wright Air Force Development Center from April
26, 1956, to December 31, 1958. This project has
now been moved to Dayton, Ohio, and is to be
continued in Air Force facilities at Wright-Patter
son Air Force Base, Ohio.

Outside organizations that made significant use
of the reactor during the year are listed below,
together with a brief statement characterizing
their work. This list does not include the many
organizations which received shipments of isotopes
or irradiated materials.

Bell Telephone Laboratories, Inc. (utilization agreement)
Neutron spectrometer
Shielding facility - study of radiation damage in semi

conductor materials and devices
Bettis Atomic Power Division, Westinghouse Electric
Corporation (government contract)

Metallurgical studies concerned with pressurized water
reactors

Neutron-induced phase transformation studies
Ford Instrument Company (government contract)

Irradiation of stainless steel clad VO, elements for
design studies on a gas-cooled reactor

General Electric Company (utilization agreement)
Neutron spectrometer

Glenco Corporation (government contract)
Radiation effects on ferroelectric materials

P.R. Mallory & Co., Inc. (government contract)
Resistor test experiment

Naval Ordnance Laboratory
Radiation damage on magnetic materials

Naval Research Laboratory
Radiation damage program

Nuclear Science & Engineering Corporation (government
contract)

Fission gas analysis
Pennsylvania State College (utilization agreement)

Neutron spectrometer
Picatinny Arsenal

Joint program with BNL - study of effects of radiation
on explosives and related materials
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Rensselaer Polytechnic Institute (government contract)
Nitrogen fixation loop

Westinghouse Electric Corporation (government contract)
Thermoelectric radiation test experiment
Low temperature irradiation experiment

Wright Air Force Development Center
Study of cross sectional work on shielding
Capture gamma experiment

Procurement of Special Materials

The procurement for the scientific departments
of all radioactive and stable isotopes as well as
special materials and services controlled by the
AEC is a responsibility of the Isotopes and Special
Materials Group. In this connection, 153 purchase
orders were placed for radioisotopes, 49 for stable
isotopes, and 69 for special materials. Against these
orders ::::::318 shipments were received and proc
essed. Of the orders placed, ::::::24% were for the
Medical Department, 31% for the Biology Depart
ment, 18% for the Physics Department, 14% for
the Nuclear Engineering Department, and 10%
for the Chemistry Department.

The Isotopes and Special Materials Group is
also responsible for annual inventories of radium
sources and purchased stable isotopes and for
negotiation of the loan of valuable stable isotopes.
There are now 38 radium sources at BNL with a
total activity of 5.9 curies and a value of $38,882.
The inventory of purchased stable isotopes is
valued at ::::::$25,000. During the fiscal year, 18
new load agreements were made for stable iso
topes, which brings the total number of loans to
35 with an approximate value of$130,000.

All but one of the irradiation programs at the
National Reactor Testing Station, Idaho Falls,
Idaho, were completed during the fiscal year. The
program for the production of 500,000 curies of
C 0 60 has been extended to September 1959. This
material is being irradiated for use by the Nuclear
Engineering Department.

Isotope Production and Irradiation Services

Table 2 presents a three-year summary of the
volume and income involved in irradiation serv
ices provided to outside organizations. The in
crease in income from these services may reflect a
trend toward more industrial irradiations of a
longer and more expensive nature as a result of
the AEC's program for radioisotope development
and industrial utilization. As can be seen in Table
3, the general increase in volume has been in
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Reactor irradiations
Special isotopes
Research subsidy
CoBo sources
Cyclotron irradiations
Gamma irradiations

Total

Table 2

Three-Year Summary ofIrradiation Services for Outside Users

Fiscal year

1959 1958 1957

Number Volume, $ Number Volume, $ Number Volume, $

1189 73,507 1153 66,683 1175 60,822
291 37,655 200 32,021 185 15,951

(24,049) (19,649) (10,812)
12 42,320 8 29,753 13 93,282
5 1,070 14 2,836 18 3,047

9,000 29,553 27,000

1497 163,552 1375 160,846 1391 200,102

services performed for hospitals. The shipments of
special radioisotopes supplied by the Hot Labo
ratory are shown in Table 4.

Under the AEC Research Support Program, an
80% discount on the irradiation service charge is
available in the case of certain medical and agri
cultural research. The amount of this subsidy,
borne by Brookhaven, has continued to increase
(Table 2), but not as much as in previous years.

The amount of C06
0 shipped during the year,

;:::: 10,00 curies, represented a decrease of ;::::20%,
similar to the previous year's decline. A 260-curie
C060 source was sent to Italy under the AEC
biology program, and a 325-curie source was re
turned by the B.F. Goodrich Company for credit.

The use of the BNL 60-in. cyclotron for irradia
tions for outside organizations has always been
limited and has decreased over the years with the
increasing availability of commercial machines.
The few cyclotron irradiations performed by BNL
are done as a part of cooperative programs with
universities or federal agencies.

With the availability of many commercial
gamma irradiation facilities, the use of BNL gam
ma irradiation facilities has been virtually re
stricted to on-site programs. Some irradiations
have been performed for off-site programs spon
sored by the government.

The brochure detailing the facilities and serv
ices available at the reactor is being revised to in
clude changes resulting from the refueling with
highly enriched uranium fuel elements and to
bring up to date the information on the various
facilities available.

Source and Special Nuclear
Materials Accountability

Table 5 presents a three-year summary of the
amounts of source and special nuclear materials
on hand at BNL at the end of each fiscal year.
Most of the decrease in natural uranium is the
result of its transfer to the depleted uranium cate
gory as a result of irradiation in the reactor. The
figures for 1957 and 1958 reflect the refueling of
the reactor with highly enriched uranium ele
ments. The decrease in the depleted uranium in
ventory is the result of shipment of the irradiated
fuel to Oak Ridge National Laboratory for re
processing. The PU239 inventory has also decreased,
since the bulk of this material is in the depleted
uranium as a result of irradiation. The great in
crease in the heavy water inventory and the gradual
increase in the remaining inventory items are in
dicative of the growth in research program
activities.

The refueling of the graphite research reactor
with a new type of fuel element using enriched
uranium has necessitated the use of machine com
putation to calculate burn-up periodically on some
4000 fuel elements. This information is required
for both accountability and operational purposes.
The computation has been programmed for the
Remington Rand 409 machines available in the
Applied Mathematics Division and the Fiscal
Division, and the burn-up of all elements has been
brought up to date from January 1957. The elimi
nation in May of the computer in the Applied
Mathematics Division placed a heavy load on the
machine in the Fiscal Division; hence it is planned
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Table 4

Table 3

Shipments of Special Isotopes

Analysis of Types of Customers Receiving Shipments

charged fuel elements by both chemical and non
destructive techniques.

Delivery of the 6587 fuel elements of the new
type from the Sylvania-Corning Nuclear Corpora
tion was completed in July 1958. A total of 104.7
kilograms of enriched uranium was used as raw
material; the total scrap amounted to :::::: 12% in
stead ofthe anticipated 50%, as a result of modi
fications in the specifications and improved proc
essing techniques. The present supply of ::::::2800
fuel elements is expected to last ::::::3 years. The
reactor storage vault was altered to provide sepa
rate bays and an upper balcony for more efficient
and safer storage of the increased amounts of
fissionable materials being received at BNL.

The increased problems with criticality, which
prompted alteration ofthe storage vault, have also
led to revision ofthe BNL accountability manual
to incorporate more detailed instructions and con
trols. In addition, the use of the "A" waste tank
at the Hot Laboratory for source and special nu
clear materials has been discontinued, and per
mission has been obtained from the AEC to
process the present contents of this tank for sea
disposal. A request has been made to the AEC for
local authority at BNL to dispose of limited
quantities of fissionable materials in waste solu
tions generated in the various research programs
in order to minimize the storage problems in
volving criticality.

As an AEC contractor, the Laboratory is re
quired to submit monthly inventories of the listed
materials, and both materials and records are
subject to annual audit by the AEC. The audit
this year was conducted in June.

Based on dollar values published by the AEC,
the current inventory of the materials listed in
Table 5 represents a value of ::::::$8,000,000.

Medical Research Reactor

The Medical Research Reactor reached criti
cality for the first time on March 15, 1959. Ap
proximately two weeks were spent in determining
the various characteristics of the reactor, and it
has since been operated routinely to meet the
scheduled requirements of the Medical Depart
ment. To date, primary emphasis has been on
determining the beam spectrum, a responsibility
of the Medical Department staff, and on the
development of suitable procedures.

Following initial operation at 1 Mw, it was
noted that the reactor had ample heat exchange

2020
1030

20
80

1957

Activity,
mC

1958

1958

45
30

130
6

1958

No. of
shipments

Fiscal year

Fiscal year

Fiscal year

3900
2420

23
70

Table 5

Activity,
mC

1959

1959

1959

48
55

181
7

No. of
shipments

Source and Special Nuclear Materials on Hand
at End of Year (in kilograms)

%~ %~ %~ %~

Type Customers Shipments Customers Shipments

£13'
£133
Mg'·
F'·

Hospitals 25 43 10 35
Industrial 42 31 60 35
Universities 18 18 20 20
Government 10 5 10 10
Foreign 5 3

Isotope

Natural U 3,096 9,810 54,127
Depleted U 33,847 45,955 11,745
U'" >75% 174 163 51
U'" <75% 6,766 4,776 3,679
U·33 0.051 0.104 0.104
Pu·3• 14 21 7
Th 259 194 169
Heavy water 8,879 176 178

to reprogram this computation for the IBM 704
tape computer.

The results obtained to date indicate agreement
within 5% between the computed megawatt-day
burn-up and the measured megawatt-day heat
output from the reactor. Plans are being made to
obtain actual burn-up figures on some of the dis-

•
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Figure 1. Model of the Medical Research Reactor. The cutaway section shows the interior of
the tank in which the fuel elements are arranged and one of the ports through which beams of
neutrons can be obtained. Below the main floor is one of the hydraulic jacks for operating the
21-ton shutters.

I

•

capacity for 3-Mw operation. AEC authorization
has been received to operate routinely and treat
patients at power levels up to 3 Mw. Operation at
3 M w has been explored, and the reactor is now
scheduled to operate at this level whenever neces
sary.

The two main contracts for this reactor which
were supervised by BNL staff members have been
completed without delay and at the original con
tract cost. The Daystrom Instrument Company
supplied all reactor components including the
reactor tank, grid, control rods, and control sys
tem. The Baldwin-Lima-Hamilton Corporation
supplied the massive treatment port shutters. The
shield, reactor housing, services, etc., were sup
plied by contractors supervised by the AEC.

The Reactor Division supplied the project
engineer for the design of this reactor, compiled
the specifications and engineering drawings from

which the reactor components were procured, and
now supplies operating staff as a service to the
Medical Department. As of the end of the fiscal
year, the Medical Research Reactor had operated
for 32.66 megawatt hours without incident.

HOT LABORATORY OPERATIONS

In addition to the production and processing of
special isotopes and the gamma irradiations de
scribed above, the Hot Laboratory staff provides
many other services, some developmental in char
acter, which are summarized briefly here.

Radiochemical Analysis

Chemical analyses for radioactive or stable
constituents are performed on a service basis on
all types of radioactive materials. In addition, the
following list indicates some of the procedures

..



------------------

•

..

•

•

..

developed and the areas investigated during the
year in support of this work.

(1) Improvement in the design of the incre
mental polarograph.

(2) Identification of Ru10\ Ru106 , and Zr95 in
mixtures containing these activities.

(3) Preliminary decontamination scheme for
radiation test-loop samples.

(4) Anodic stripping chronopotentiometry in
hot aqueous and molten salt media for the deter
mination of metals, particularly small amounts of
thorium, in alloys.

(5) Polarographic determination of small
amounts of uranium in the presence of as much as
0.01 M molybdenum.

(6) Separation of bismuth-thorium mixtures by
distillation.

(7) Determination of uranium and tracer
amounts of PU 239 in fuel elements by solvent ex
traction and polarography.

(8) H 20 analysis in >99.55 M % D 20.
(9) Study of chronopotentiometric behavior of

cadmium in MgCI2-NaCl-KCI.
(10) Application of conversion x-ray spectra to

isotopic analysis of CS134_CS137 mixtures.
(11) Determination of fluoride by pyrol ysis in

wet oxygen followed by titration of the distillate.
(12) Study of the extractability of bismuth by

triisooctylamine as a function of chloride concen
tration.

(13) Determination of the sensitivity of activa
tion analysis as a means of detecting and estimat
ing submicrogram amounts of silver in rain water.

(14) Detection ofTbl60 as an impurity in irradi
ated yttrium-clay rods by gamma-ray spectrum
analysis.

(15) Use of exhaustive electrolysis and solvent
extraction with triisooctylamine to separate macro
amounts of bismuth from uranium and pelonium.

(16) Spectrographic determination of tantalum
in bismuth.

(17) Colorimetric determination of traces of
magneSIUm.

(18) Analysis for thorium oxide in a bismuth
thorium oxide slurry.

(19) Study of the mechanism of the extraction
of bismuth hydrolysis products from dilute nitric
acid by triisooctylamine hydrochloride in methyl
isobutyl ketone.

(20) Quantitative recovery of carrier cesium in
the sodium tetraphenyl boron-amyl acetate ex
traction procedure.
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(21) Identification by gamma-ray scintillation
spectrometry of Ra226 and its decay products on
the anion exchange resins used in the recovery of
uranium from its ores.

Gamma Irradiation Service

During the past year 8132 curies ofC06o were
sold.

TYPE CURIE
CUSTOMER OF SOURCE CONTENT

B.F. Goodrich Company 1 standard tubular 1080
Union College 1 " " 1080
Duke University 1 " " 312
Department of Agriculture

(U.S.) 24 flat 1760
Department of Agriculture

(Puerto Rico) 2 small tubular 300
General Electric Company 10 flat 3600

Income from gamma irradiation service for off
site users amounted to $9000, and for on-site users,
$64,000.

Other Activities

The 1770 routine radiographs made during the
year included autoradiographs of cyclotron tar
gets, four 8-ft-long welds radiographed in a single
exposure, radiographs of the floor of the new Hot
Laundry building prior to drilling holes for
mounting machinery, and radiographs of an
aluminum water pipe in the new Medical Research
Reactor.

Work was begun on the fabrication of a micro
alpha source on the tip of a 6-mil-diam tungsten
wire to be used in studying the effects of radiation
on single cells.

The most important change in the Hot Labo
ratory building consisted of the completion of the
first phase of construction of the new hot metal
lurgical cell, i.e., the enclosure of the cell proper
and the isolation rooms behind it. This structure is
now undergoing modification, and the consider
able amount of equipment to be used in the cell
is being built and is undergoing tests and modifi
cations. In the meantime the cell has been used to
a limited extent for emergency examination of a
damaged fuel element from the Brookhaven reac
tor and the repairing of a large C06

0 source. Many
fabricating jobs in connection with this cell have
been performed by members of the Hot Labo
ratory staff.

The Laboratory has finally received permission
from the AEC to dispose of "A" (accountable)
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Table 6

HEALTH PHYSICS

"F" Waste Discharged to the Sewer

Liquid Waste Operations

'lection with the start-up of the Medical Research
Reactor. Tune-up procedures at the Cosmotron,
carried out without shielding, have resulted in
levels as high as 700 mrem/hr in the control room
for short periods of time, but average levels have
been low.

A modest amount of applied research and
development work has been carried out concur
rently with the service responsibilities that are the
major preoccupation of the Health Physics Divi
sion. In addition to the work described below
under Personnel Monitoring, a continuing study
is in progress of the effects of partial-body expo
sure of rats to x-radiation. The most interesting
result thus far has been the observation of an ag
gressive behavior pattern in animals receiving ex
posures of 2500 to 4000 rad to the thorax. Addi
tional experiments are planned to establish the
mechanism of this phenomenon.

Routine measurements of the rate of deposition
of radioactivity in rainfall and settled dust were
continued by means of the pot collection method.
The average rate for fiscal 1959 was 8620 dis/
min/m2 /day. The highest fallout for a single day
(370,000 dis/min/m 2

) was encountered in Octo
ber. During one week of rainy weather in October
deposition was 878,000 dis/min/m2

, or 28% of the
total for the whole year.

As usual, a group of :::::: 15 AEC Fellows in
Radiological Physics was at the Laboratory dur
ing the summer of 1958, and another group is pur
suing the same program this summer. A sym
posium designed to acquaint educators in the
northeast area with the aims and content of the
fellowship program was conducted at BNL in the
fall of 1958. The number of foreign visitors re
ceiving training in health physics at Brookhaven
has continued to increase, with 145 individuals
from 14 countries visiting for varying periods of
time during the year.

Personnel Monitoring

The use of personnel monitoring equipment
during fiscal 1959 is shown in Table 7, and the
exposure record for calendar 1958 is summarized
in Tables 8 and 9. The year has passed without
any exposures over the prescribed limit of 3 rem
per quarter, and in no case has an individual ex
ceeded the limit on integrated exposures.

Two electronic pocket chamber readers, de
signed and constructed by the Instrumentation
Division, have been in use for about a year and

"A"
waste

429,165
123: 1
3,477

Fiscal 1958

"D"
waste

"A"
waste

"D"
waste

Waste Inventory in Gallons

Fiscal 1959

Waste Concentration

Feed, gal
Average volume reduction
Drummed concentrate, gal

Average Total
Volume, activity activity,

Period gal level, Clml mC

Fiscal 1959 5,007,315 9.6 X 10-12 183.4
Fiscal 1958 4,667,244 1.95X 10-11 343.6

waste which it has in storage. This will be added
gradually to the waste concentration plant feed if
possible, or disposed of directly.

Table 6 indicates the magnitude of the liquid
waste operation for the past two years.

Volume on hand
at beginning of
fiscal year 94,020 3,760 158,545 3,592

Volume received
during year 459,630 117 492,280 168

Volume to
evaporator 426,460 556,805

Volume on hand
at end of fiscal
year 127,190 4,372* 94,020 3,760

*Increase in volume is due to steam jetting and trans
ferring operations.

The general level of activity in Health Physics
has been about the same as during the previous
year, a reduction in work associated with the Cos
motron being balanced by increased duties else
where. Work in the reactor canal and the handling
of objects removed from the reactor continued to
present difficult problems in exposure and con
tamination control. Much work has been done on
radiation surveys and hazard evaluation in con-
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Table 7

Use of Personnel Monitoring Equipment

have proved to be very stable and reliable. Irradi
ation of BNL film badges with neutrons at the
reactor has shown that the activity induced in the
stainless steel of the badges is sufficient for use as
a means of classifying individuals after criticality
accidents. Thus it will not be necessary to attach
an indium foil to the badge as is customary with
plastic badges. An aluminum filter was added to
the BNL film badges to assist in differentiating
between beta and x-ray exposures.

An electronic device for automatically counting
proton recoil tracks in the NTA films used for neu
tron monitoring, developed at the Airborne In
struments Laboratory under AEC contract, has
been at Brookhaven for test and evaluation for :::::::6
months. (See Figure 2.) Machine counting ap
pears to be no faster than visual counting for films
with low exposures, but is considerably faster for
high exposures, and is less disturbed by foggy film
or concurrent gamma exposures. The performance
of the machine can be standardized and checked
to a greater degree than that of microscope tech-

Fiscal 1959 Fiscal 1958

Table 9

Distribution of Exposures oflndividuals Receiving
Regular Personnel Monitoring Service

Exposure Calendar Calendar
interval* 1957 1958 Integrated**

0.0- 0.4 1298 1415 1119
0.5- 0.9 93 83 152
1.0- 1.4 25 35 69

1.5- 1.9 11 13 38
2.0- 2.4 18 13 39
2.5- 2.9 10 11 22

3.0- 3.4 4 6 30
3.5- 3.9 6 13 14
4.0- 4.9 6 7 20

5.0- 5.9 4 5 18
6.0- 6.9 4 0 12
7.0- 7.9 2 4 7

8.0- 9.9 2 4 16
10.0-11.9 0 0 10
12.0-14.9 0 0 7

15.0-19.9 0 0 8
20.0-24.9 0 0 7
25.0-29.9 0 0 8

30.0-39.9 0 0 9
40.0-49.9 0 0 I
50.0-59.9 0 0 2

60.0-69.9 0 0

Total 1483 1609 1609

*Tabulation is in terms of values of exposure index as
defined in Table 8.

**Number of persons receiving stated exposure during
their total BNL employment period.

913
614

82
193
889
578
315

812
642
187
76

905
824
291

Pairs of pocket chambers
Regular film badges
Visitors' film badges - on-site
Visitors' film badges - off-site
Total film badges
Neutron films used
Neutron films read

•

Figures are weekly averages for each fiscal year.

Table 8
Figure 2. Electronic nuclear track scanner.

Exposure Totals and Averages for Calendar 1958

Average
Type of Total for all Average per per individual

exposure individuals individual per week

f3 (rad) 165 0.103 0.0020
y (r) 334 0.208 0.0040
n (rem) 37 0.023 0.0004
y+n 371 0.231 0.0044
E.I.* 454 0.282 0.0054

*E.I. =Exposure Index ('/2 of f3 exposure in rad + y
exposure in r + neutron exposure in rem).
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lllclans. A final report covering details of this
equipment and evaluation of its characteristics
will be published by Airborne Instruments Labo
ratory sometime this fall.

In order to study the performance of the nuclear
track scanner for films exposed to neutrons ofvar
ious energies, it was necessary to standardize ex
posures at the BNL Van de Graaff. For this pur
pose a standard long counter was calibrated
against a 5-curie plutonium-beryllium source in a
very large room where the effect of scattered neu
trons was shown to be negligible. This effect was
not negligible in the Van de Graaff experimental
area, but suitable corrections were made. The
neutron energy response characteristics in the
nuclear track scanner were found to be similar to
those in the visual method except that the mini
mum neutron energy for which tracks will be
counted is a little higher for the machine, and the
counting efficiency in the interval 0.5 to 1 Mev
seems to be somewhat lower.

General Safety

The general safety program, described in some
detail in last year's report, has continued along the
lines indicated. A major new activity has been that
connected with the use of liquified gas in bubble
chambers at the Cosmotron. The hazards associ-

ated with such devices are considerable, and it has
been necessary to provide a variety of instrumental
and procedural safeguards. This work has been
carried out in cooperation with the special hazards
committee of the Cosmotron Department.

During the year the safety staff spent much time
in reviewing plans for several new buildings and
suggesting suitable safety and fire protection fea
tures. A thorough revision of the BNL Safety
Manual was completed, and the revised manual
has been printed and distributed. The accident
record for the calendar year 1959 and the three
previous years is shown in Figure 3.

Waste Disposal

Early in the year 692 barrels of waste containing
1000 to 1200 curies of activity were disposed ofat
sea, and a large accumulation of waste is now
ready for sea burial this fall. Techniques have been
developed for enclosing waste in large concrete
packages for sea disposal. These packages weigh
as much as 10 tons and will accommodate larger
amounts of activity and physically larger objects
than the 55-gal drums used heretofore. Radiation
levels at the outside of these packages are in gen
eral considerably lower than those for the drums,
and the cost of disposal has been shown to be
much less than that for the 55-gal drums.
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A new decontamination laundry and reclama
tion building has been completed and is now in
service. A special storage facility consisting of 20
holes, each 14 in. X 10ft, in a concrete structure
has been constructed at the hot waste control area
to contain segments of a test loop removed from
the reactor. Data relating to the liquid waste sys
tem are presented in Table 10.

METEOROLOGY

Service activities of the Meteorology Group
include a number of routine functions, such as a
limited forcasting service and the production of
climatological records and studies. They also in
clude specialized studies associated with reactor
hazards, unique operational problems, and gen
eral planning which have increased considerably
in number during the past two years.

The most significant long-term development in
the service field has been the partial completion
of the Laboratory's ten-year survey oflocal clima
tology. Continuous records of most standard mete
orological variables have been kept, with the sub
stitution of automatic recording after the 24-hr
shift schedule was abandoned in the early 1950's.
These records will permit a climatological sum
mary as complete as that from most official U.S.
Weather Bureau stations, and they will certainly
be adequate for virtually all future Laboratory
planning for which such data are required.

As an outgrowth of the work in 1957 on the
general nature of reactor hazards, a quantitative
method for site evaluation and comparison has
been developed. This technique reduces the prob
lem of site comparison in terms of population dis
tribution and meteorological variables to a rela
tively simple exercise.

APPLIED MATHEMATICS
COMPUTATIONAL SERVICES

Although a significant part of the efforts of the
programming staff has been directed toward the
developmental work for Merlin, service activities
have expanded along with computer usage. Be
sides operating several on-site facilities, directing
BNL use of the IBM 704 computer at NYU, and
providing programming assistance, the Division
carried out an intensive training program to
acquaint the Laboratory staff with programming
techniques and the use of the various computers
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Table 10

Summary of Liquid Waste Data

Fiscal 1959 Fiscal 1958

Input to filter beds,
gal/day 514,800 467,500

Output from filter beds,
gal/day 395,200 368,800

Net loss in filter beds, % 23.2 21.1
Stream above discharge point,

gal/day 1,835,000 934,400
Stream at site boundary,

gal/day 2,208,000 1,460,000
Rainfall, in./mo 3.7 4.7
Activity concentration at input

to filter beds, C/cc 5.7 X 10-13 4.5XlO-13

Activity concentration at output
from filter beds, C/cc 2.1 X 10-13 1.8 X 10-13

Reduction in activity
concentration, % 63 60

Activity at input to filter beds,
mC/mo 33.0 26.7

Activity at output from filter
beds,mC/mo 8.9 8.2

Percent of permissible 26 21

Figures are averages for each fiscal year.

Table 11

Distribution of IBM 704 Time by BNL Departments

Fiscal 1959

Department Usage, hr Usage, %

Accelerator Development 3:49 1.01
Applied Mathematics 60:22 16.02
Chemistry 22:25 5.95
Cosmotron 23:46 6.30
Health Physics 19:35 5.20
Nuclear Engineering 85:32 22.70
Physics 161 :22 42.82

Total 376:51 100.00

available. Five courses in IBM 704 programming
were attended by more than 90 people, nearly half
of whom later originated computations. Three
IBM 610 programming classes were also given for
85 people.

Brookhaven's use of the IBM 704 computer at
NYU steadily increased throughout the year
(Table 11). The rise in computing activity neces
sitated an increase of the BNL staff at NYU and
an expansion in the courier service between BNL
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Table 12

Distribution oflBM 610 Time by BNL Departments

Fiscal 1959

Department Usage, hr Usage, %

Accelerator Development 97:30 10.4
Applied Mathematics 161 :15 17.2
Chemistry 138:30 14.7
Cosmotron 15:00 1.6
Health Physics 40:45 4.3
Medical 87:00 9.3
Nuclear Engineering 168:00 17.8
Physics 216:00 22.9
Reactor 17: 15 1.8

Total 941: 15 100.0

and NYU. By spring a new and more efficient sys
tem capable of handling much heavier work loads
had been developed. As a result the need for pro
grammers to travel between BNL and NYU was
greatly reduced, and at the same time the output
of the IBM 704 was increased. It is currently esti
mated that this facility will be used 1200 hr during
the coming year.

The IBM 610 computer was installed early in
September 1959 and made available as a com
puting facility in October. This machine was ac
quired to service those problems unsuitable for
desk calculators or the punch card equipment but
much too small for large-scale machines. The
widespread use which this computer has received
is indicated in Table 12.

Use of the 409-2R punch card computer rap
idly diminished and the computer was discarded
in May. Because several experiments were still
equipped with punch card output for data record
ing, an immediate change to some other output
medium would have resulted in considerable diffi
culty and interruption ofresearch activities. There
fore several essential card processing machines
were retained, and arrangements were made to
process the associated computations on the 409-2R
computer operated by the Fiscal Division.

MECHANICAL ENGINEERING

The support of the Laboratory's research and
engineering projects by the Mechanical Engi
neering Division has necessitated an increase in
personnel. In the last year the Division has added

9 engineers and 12 designers and draftsmen (see
Table 13), most of whom are working on the 80
in. liquid hydrogen bubble chamber and the
Brookhaven high flux beam reactor.

Division personnel assigned to the Accelerator
Development Department have been engaged in
designing and supervising the fabrication of parts
for the Alternating Gradient Synchrotron. As the
AGS nears completion, emphasis is being placed
on inspection and testing of fabricated parts and
their installation. Preliminary work is being con
tinued on the design of experimental equipment
to be used with the accelerated beams of the
synchrotron. The problem of developing wells with
water of low iron content in the Brookhaven area
is being investigated, as are methods of treating
water of high iron content to prevent precipitation
of the iron as the water passes through installed
equipment.

Members of the Division assigned to the Nuclear
Engineering Department have carried out work
for that department and for the Reactor Division,
including the customary amount of work on chem
ical and nuclear process equipment for reactor
fuel systems and waste processing systems, usually
in the form of pumped loops for continuous proc
esses or batch equipment for discontinuous proc
esses.

There has been an increase in the designing of
experimental reactor physics equipment embody
ing uranium fuel-moderator lattices of various
types, as well as in work on radiation cells for

Table 13

Assignment of Mechanical Engineering Division
Personnel as ofJune 30, 1959

Designers Secretarial
Engi- and and

Department neers Draftsmen Clerical

Accelerator Development 121
/2 18Y.! Y.!

Central Design Group Y.! 8 1Y.!
Cosmotron 6 7 0
Nuclear Engineering

General design 3 13 1
High flux reactor 2 3 0

Physics
General design 0 2 0
Bubble chamber 9 5 0

Total 33 56Y.! 3

•
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metallurgical examinations and on radiation
source development and applied radiation tech
mques.

The modifications necessary to reduce the
operating power for cooling the graphite research
reactor have passed the investigation stage; speci
fications for new fans were issued for bids, and the
successful bidder has been awarded a contract.
Currently the Division is handling approval of the
technical details of the new fans and is carrying
out liaison work to expedite their installation.

The new Brookhaven high flux beam reactor
project is under the technical direction of the
Nuclear Engineering Department. Several mem
bers of the Mechanical Engineering Division are
included in the project staff currently engaged in
the preparation of the Brookhaven conceptual
design for use by an architect-engineer firm ex
pected to be under contract by November 1, 1959.

A Division member has been assigned to work
at the graphite research reactor on design prob
lems related to reactor operations.

At the Cosmotron, the fabrication, installation,
and testing of the new magnet coil were com
pleted, and the magnet was placed in full oper
ating condition. Division personnel were con
nected with the modifications to the Cosmotron
building necessary for installation of the new radi
ation shielding, and also the relocation and re
design of the forevacuum system in a new mechan
ical equipment room. Members of the Division
assisted in the design of the new Cosmotron target
building and of the special mechanical auxiliaries
for use with experimental equipment, which were
checked out for operation. A pulsed liner for the
Van de Graaffinjector was designed and installed.

In connection with the experimental program,
39 strong focusing and analyzing magnets were
procured. Shielding of steel, heavy concrete, and
ordinary concrete has been designed and pur
chased for the target building. Vacuum pipes for
the external proton beams have been designed and
fabricated. Design of a 15-ft-Iong, -+-300-kv beam
separator has been completed, and procurement
is in progress. Division personnel aided in the
design and construction of the 14-in. liquid hydro
gen bubble chamber and its magnet.

Members of the Division continued to operate
the hydrogen liquifier facility and, through the
Safety Committee, to establish safe operating pro
cedures for hazardous experimental equipment.
An Experimental Operations Group has been
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established to assist in setting up complex experi
ments in the target building.

Division personnel in the Physics Department's
Bubble Chamber Group assisted in the construc
tion and test of the 20-in.liquid hydrogen bubble
chamber. In addition, preliminary design and
development were started on the 80-in. liquid
hydrogen bubble chamber.

Assistance was rendered in the relocation of the
18-in. cyclotron.

Central Design personnel performed design
work for the Reactor Division, the Cosmotron and
Medical Departments, and the Meteorology
Group, and members of this section were assigned
to other sections to assist during times of peak
load.

MACHINE SHOPS

During the past year the role of the Machine
Shops as a central fabrication facility has further
developed, with emphasis on heavy and specialized
work. The total productive hours for fiscal 1959
show an increase of 33% over fiscal 1958. On the
basis of current requests, this trend is expected to
continue. Approximately three fourths of the
workload is machining, the remainder being sheet
metal and welding work.

Procedures initiated in 1958 to provide a better
balance of machine tools and equipment were
continued in 1959. Upgrading and other improve
ments were accomplished by acquisition of addi
tional machines and special maintenance of exist
ing machines. Milling machine capacity was al
most doubled, lathe capacity was increased more
than 25% in the heavy machine shop, and heliarc
welding capacity was increased ;:::;60%. Coupled
with the trend toward heavier work is a steady de
mand for work requiring close tolerances. Part of
the upgrading program has been to meet these
needs.

The Machine Shops have continued to provide
service in the areas of technical advice, design, in
spection, measuring equipment standardization
and calibration, and welder qualifications. The
Technical Consulting Group completed 40 proj
ects during the year, many of them for the Biology
and Medical Departments.

Table 14 indicates the contributions of the vari
ous Laboratory departments to the workload ofthe
Machine Shops. Physics and engineering activities
continue to account for 85% of the total workload.
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Table 14

Departmental Contributions to Shops Workload

Fiscal 1959 Fiscal 1958

Man-hrs 0/0 Man-hrs 0/0

Nuclear Engineering 40,559 35.9 36,485 40.8
Cosmotron 22,028 19.5 5,367 6.0
Physics 13,741 12.1 17,283 19.3
Reactor 10,058 8.9 11,600 13.0
Accelerator Development 9,831 8.7 4,685 5.2
Medical 6,143 5.4 4,142 4.6
Instrumentation and

Health Physics 3,788 3.3 2,085 2.3
Chemistry 2,207 2.0 3,608 4.0
Biology 1,756 1.6 1,302 1.5
Miscellaneous 2,970 2.6 2,931 3.3

Total 113,081 100.0 89,488 100.0

The substantial increase for the Cosmotron De
partment reflects additional work done during the
coil repair and accelerator improvement program.

A wide diversity of work was performed by the
Shops. Of the 1500 projects completed during the
fiscal year the following are noteworthy examples:
the winding and insulating of coils for the 20-in.
bubble chamber magnet; fabrication and assem
bly of parts for the 14-in. bubble chamber magnet;
design and construction of a small wind tunnel for
the Meteorology Group; construction of special
stainless steel animal cage units; design and fabri
cation of the whole-body counting room in the
Medical Research Center; construction of a neu
tron polarization spectrometer; prefabrication of
pipe and accessories for the high flux beam reactor
critical assembly; and fabrication of an experi
mental rotary calciner for radioactive wast~ dis
posal studies. Assistance has also been rendered to
organizations carrying out research on site and to
AEC-specified institutions when the Brookhaven
specialized shop facilities and experience could be
of assistance. Typical examples of such work are
the construction of a fast neutron chopper rotor for
the Phillips Petroleum Company's use at the
MTR and the fabrication of a slow neutron chop
per for the Government of Israel.

TECHNICAL INFORMATION

For the past few years, the Research Library's
holdings in books, periodicals, and reports have

increased to the point where additional working
area was essential. Accordingly, the construction
of an extension to the Library building was started
toward the end of 1958. This 3600-ft2 addition will
be used primarily as a stack area and for the stor
age of technical reports. The added space will per
mit a rearrangement of the index and abstract
section and the reference section. These areas will
be isolated from the stacks and will be provided
with reading tables and chairs. A number of minor
alterations to the present structure are expected to
contribute greatly toward relief of the crowded
conditions in the Library.

In addition to maintaining an active book ac
quisition program for the scientific departments,
the Library's acquisitions section has nearly com
pleted the purchase of a basic collection for the
recently formed Applied Mathematics Division.

In January of the current year, the US AEC
initiated improved indexing services in Nuclear
Science Abstracts. Each issue now provides a numeri
cal index of reports, corporate author index, per
sonal author index, and subject index. This inno
vation makes it unnecessary for libraries to main
tain a subject card file of technical reports.

The work of the reference section in compiling
bibliographies and conducting literature searches
continues to increase in quantity and variety. Bib
liographies have been prepared on such diverse
subjects as human dermatosis caused by bird mites,
diagnostic routines for computers, and hallucino
genic mushrooms.

Activity in the Classified Library, located in the
Nuclear Engineering building, has continued at
approximately the same level as in the past year.
Although no classified reports were published as a
result of Brookhaven research, about 600 confi
dential and secret reports have been received from
other installations. Nearly 350 reports have been
declassified, and about the same number of report
copies have been destroyed. The present classified
report holdings, as disclosed by the annual inven
tory, are 9022 secret and 6595 confidential docu
ments. All copies are accounted for.

The Publication Group has edited and other
wise processed for publication approximately the
same number of Brookhaven reports as in the two
previous years. Several reports comprising the pro
ceedings of conferences and symposia held here
are included in the workload, notably the Thorium
U 233 Symposium and the Brookhaven Symposia in
Biology No. 11, The Photochemical Apparatus - Its

•

,

•

•

•



•

Table 15

Fiscal year

1959 1958 1957

Photographs 7,135 7,198 6,322
Photomicrographs 1,405 1,732 1,306
Lantern slides 8,138 5,946 6,251
Prints 47,553 57,255 41,583
Photostats, Xerox 20,560 22,127 23,627
Ozalid prints 430,193 429,625 295,517
Recording film processed 1174ft. 16.4 mi. 22.5 mi.
Charts and graphs drawn 3,091 2,809 2,615

Structure and Function. The latter consists of 31
papers and related discussions, totaling almost 400
pages.

The number of technical manuscripts origi
nating from Brookhaven-sponsored research and
published in scientific and technical periodicals
shows an increase over the total for the past year.
During the current year 486 such papers (includ
ing published abstracts of speeches) have been
processed by the Information Division, as com
pared with 473 for fiscal 1958, 401 for fiscal 1957,
and 393 for fiscal 1956. Included in this year's
total are a number of papers presented at the 1958
Geneva Conference.

As an index of the growth of nuclear research
programs abroad, the Laboratory has responded
to an increasing number of requests from foreign
installations for the exchange of technical reports.
Their names are added to the distribution lists for
Brookhaven reports, in the subject categories in
which their interests lie. The mutual advantages of
this type of free interchange of scientific and tech
nological information are very apparent. In addi
tion, it can be hoped that the spirit of international
goodwill engendered in the scientific community
by these means will in due course have far-reach
ing political results.

PHOTOGRAPHY AND GRAPHIC ARTS

As a result of the renovation of its quarters, the
Photography Group has materially improved its
operating efficiency and has been able substantially
to reduce the need for purchasing commercial
services.

A program was undertaken to record on motion
picture film the significant construction details of
the AGS. The changes in acrylamide crystals after
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Table 16

Fiscal year

1959 1958 1957

Offset pages 8,641,645 6,361,665 5,163,705
Offset negatives 9,482 8,738 7,034
Mimeo impressions 1,567,489 1,228,386 1,633,468
Stencils cut 814 728 1,011
Stencils run 12,410 11,424 11,266
Sheets collated

and bound 3,679,450 2,388,700 1,951,525
Report copies issued 109,780 65,715 71,075

irradiation were recorded in color by time-lapse
photomicrography for the Nuclear Engineering
Department.

There has been a noticeable trend toward the
use of 2 X 2-in. slides, and equipment has been
added to improve their production and to facili
tate the use of negative-positive color systems. The
continuous film processing machine has been re
ceived and is being installed. Micro-cine equip
ment for time-lapse photography of tissue cultures
has been purchased. This apparatus is adjustable
for picture frequencies ranging from 24/sec to
l/hr.

In addition to producing the items listed in
Table 15, which reflects changes in the Labora
tory's activities, the group has supplied equipment
and personnel for a variety of projects, including
the medical survey trip to the Marshall Islands.

Production figures for the Graphic Arts Group
are given in Table 16. Of significance in the fig
ures for fiscal 1959 are the increases over the previ
ous records of 54% in BNL report copies issued
and 36% in offset pages printed. Two people were
added to the group during the year.

The continued growth in production and the
use of modern equipment have made it possible to
reduce unit costs by 12% as compared with the
previous fiscal year. The Intertype Fotosetter in
stalled in December 1956 has proved its value,
and efforts are being made to obtain a second
machine. If these are successful, there are interest
ing possibilities for the automatic operation of part
of the composing equipment by the use of Tele
typesetters. Much repetitive writing and typing
could be eliminated by the use of such a system
employing punched tape. Considerable savings in
production time and cost to the Laboratory would
result.



Administration and Operations

The management operations reviewed in this
section have been carried out in a manner de
signed to facilitate and encourage the research
activities of the Laboratory's scientific staff.

PERSONNEL

Scientific Staff

The composition of the scientific staff on May
31,1958 and 1959, is shown in Table 1. The net
increase in number of regular staff appointees was
only about one half that of the previous year. Al
though turnover remained at a significant level,
there were fewer changes in personnel than in re
cent years. During the year there were 36 addi
tions to the regular staff and 26 terminations, in
comparison with 56 additions and 38 terminations
during the previous year.

Effective May 1, 1959, the method of reporting
appointments in the categories ofJunior Scientist
and Research Assistant was changed. Henceforth,
all new employees in these categories will be in
cluded in the over-all employment statistics, but
not in statistics relating exclusively to the scientific
staff.

For the fourth successive year, the number of
salaried visitors increased appreciably. This in
crease is again attributable to an increased number
of Research Associates. Turnover in this category
is particularly high since these appointments,
which are similar to postdoctoral fellowships, are
limited in term. During the year, 52 Research
Associates were appointed, and 28 others com
pleted their terms. Of the 76 salaried and non
salaried individuals in this category on May 31, 27
were foreign scientists.

..

•
Table 1

Scientific Staff on May 31, 1958 and 1959

Visitors

Regular staff Salaried Nonsalaried

1959 1958 1959 1958 1959 1958

By appointment category
Senior Scientist 46 40 1 2 13 13
Scientist 87 87 2 3 78 98
Associate Scientist 103 104 3 6 77 88
Assistan t Scientist 59 51 4 1 60 17
Research Associate 62 43 14 9
Junior Scientist 16 19 2 1 5 6
Junior Research Associate 6 9 28 35
Research Assistant 0 0 0 0 12 6

Total 311 301 80 65 287* 272**

By academic degree
Ph.D. or M.D. 175 175 68 51 192 190
Master 42 40 5 7 41 39
Bachelor 91 83 7 7 47 41
No degree 3 3 0 0 7 2

*221 of these appointees worked intermittently at BNL.
**215 of these appointees worked intermittently at BNL.
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Table 2

Classification of Visiting Scientists and Students Participating in BNL
Program for Period of One Month or More, june 1, 1958 - May 31,1959

Guests and salaried visitors
1958 Summer

More than 3 months Less than 3 months program Total

Salaried Guest Salaried Guest Salaried Guest Individuals Institutions

University staff 13 21 4 15 40 34 127 65
Thesis students 10 10 1 4 0 2 27 11
Student Research Assistants 2 0 3 2 72 26 105 49

Total 25 31 8 21 112 62 259 92 different

Industry 0 27 1 12 0 0 40 17
Other institutions 7 32 4 19 5 10 77 51

Total 32 90 13 52 117 72 376 160 different

•

•

The number of nonsalaried visitors holding ap
pointments to the staff continued to increase, but
the net increment was considerably less than in
recent years. On the other hand, the number of
nonsalaried visitors participating on a regular,
full-time basis increased from 57 in 1958 to 66 this
year. This is the first such increase since 1956.

May 31, instead ofJune 30, was selected as the
date for Tables 1 and 2. This was done to exclude
from Table 1 statistics concerning individuals at
the Laboratory only during the summer, and to
include in Table 2 participants in only one sum
mer program.

Table 2 shows the number of visiting scientists
and students who worked at the Laboratory for a
cumulative period of one month or more between
June 1, 1958, and May 31, 1959. During the year,
259 faculty members and students from 92 colleges
and universities were in this category, as compared
with 350 individuals from 116 institutions during
the previous year. Twenty-seven graduate students
engaged in doctoral investigations for at least one
month this year at Brookhaven. Forty-two gradu
ate students were here in similar capacities last
year. Fourteen students completed the research
required for their degrees during the year.

The total number of visitors here for one month
or more declined from 464 last year to 376, chiefly
because there were 93 fewer participants in the
summer program. This was due to the forced shut
down of the Cosmotron during 1958, completion
of the new Medical Research Center and the at
tendant relocation of equipment and personnel,

and the fact that this year the 30 participants in the
Summer Institute in Nuclear Science and Engi
neering were here for less than one month. Even
so, summer visitors continued to represent a large
percentage (50% this year) of all visitors working
at the Laboratory for one month or more.

Visitors who worked at Brookhaven for a cumu
lative time of less than one month are not included
in Table 2. Such individuals numbered 137 this
year as compared with 109 last year.

The number of foreign scientists, engineers, and
students participating at Brookhaven continued to
increase but is leveling off. During the year just
ended, 145 visitors from 36 foreign countries
worked at the Laboratory. Great Britain and
Japan had the greatest representation, with 19
individuals from each country participating. Dur
ing the previous year, 120 foreign nationals were
engaged in research at Brookhaven.

Most foreign visitors to the Laboratory receive
their financial support from their home institu
tions or governments; some receive fellowships or
are otherwise sponsored by philanthropic organi
zations or U.S. Government agencies; and some
receive a stipend from the Laboratory. The sala
ried group includes 40 postdoctoral Research As
sociates this year as compared with 18 the previous
year. Foreign visitors continue to make significant
contributions to the total research effort. Equally
important is the mutual stimulation and exchange
of ideas resulting from these associations.

Table 3 lists data concerning consultants' serv
ices for the past three fiscal years. This year, for
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Consultants' Services

Table 3

Fiscal year

the first time since 1954, more use was made of
consultants than during the previous year. The
increase has no particular significance, however,
other than to mark the end of a five-year trend.

•

•

•
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guests, was 2000. This represents a net increase
during fiscal 1959 of 172 staff members. The ratio
of one scientist to four nonscientists at the Labo
ratory remained constant. A comparative analysis
of Laboratory employment statistics is shown in
Table 4.

Labor Relations. Labor agreements with the
three unions which represent ::::;1,4 of the non
scientific staff expired during fiscal 1959, and new
one-year contracts were negotiated in each case.
Each of the agreements contained a wage increase,
as well as minor amendments to contract provi
sions. The wage increases negotiated were in con
sonance with those granted nonbargaining-unit
employees of the Laboratory; thus internal parity
of wage rates was maintained. Two representation
elections were conducted by the National Labor
Relations Board during the year; as a result, 8 Hot
Laboratory technicians are now represented by
the union that represents the 25 pile operators at
the reactor.

Salary Administration. In fulfillment of the
continuing objective to maintain equitable wage
rates for Laboratory positions, new wage ranges
for weekly positions were established as ofJanuary
1, 1959. Under an amended policy, a weekly em
ployee normally progresses from the minimum rate
for his job classification to a standard rate within a
predetermined time period; further progression to
a maximum rate is based solely on demonstrated
merit. The wage structure will be reviewed peri
odically and adjusted in accordance with changes
in the labor market.

Training and Publications. During fiscal 1959,
training programs were initiated for several cate
gories of Laboratory employees. Supervisors of
employees represented by bargaining units at
tended sessions on the administration and inter
pretation of applicable union contracts. First-line
supervisors attended several seminars on super
vision, communication, and the responsibilities of
the several service groups; an evening gathering
climaxed this well-received program. In addition,
a seminar was held for::::; 100 employees perform
ing secretarial work at the Laboratory.

A new handbook for employees, containing
information on Laboratory policies, practices, and
benefits, has been completed and distributed.

Employee Activities. The Brookhaven Em
ployees Recreation Association (BERA) continued
its varied program of extracurricular activities for
employees. The improved recreation building on

80
35

358

93
46

308

80
32

331

1959 1958 1957

Total contracts in effect June 30
No. consultants used
No. man-days of service

Summer Program for 1959

Arrangements have been made for 103 faculty
members from 52 educational institutions to work
at the Laboratory during the summer of 1959. In
addition, 18 scientists and engineers from 13 other
institutions and organizations will participate in
the summer program at Brookhaven.

In January, announcements ofthe eighth consec
utive summer student program were sent to about
170 colleges and universities. Applications were
received from 134 graduate and 601 undergradu
ate students from 155 different schools. The total
of 735 applications is the highest (by ::::;40%) ever
received for a summer program. Of 97 appoint
ments offered, 78 have been accepted by 28 gradu
ate and 50 undergraduate students representing
48 institutions.

Also here for about 2 V2 months are 19 Radio
logical Physics Fellows who have completed a
graduate curriculum at the University of Roches
ter. In addition, 15 Junior Research Associates
plan to work on their doctoral theses at Brook
haven this summer; and 27 additional students,
most of whom are coming with faculty members,
will work as Research Assistants.

The number of staff and students at the Labora
tory will thus be increased by 260 individuals. In
addition, 30 faculty members will participate at
Brookhaven for about one week in the Summer
Institute in Nuclear Science and Engineering.

Personnel Management

Employment. The total number of employees
at the Laboratory on June 30, 1959, excluding
temporary appointees, research collaborators, and



•
Number ofemployees June 30

Turnover data

Accessions
Separations (turnover)
Net accessions
Replacements (net turnover)
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Table 4

Employment Statistics

Fiscal 1959 Fiscal 1958

2000* 1828**

Average Average
Annual monthly Annual monthly

Number rate (%) rate (%) Number rate (%) rate (%)

379 19.80 1.65 329 18.76 1.56
207 10.81 0.90 197 10.96 0.91
172 8.99 0.75 132 7.53 0.63
202 10.56 0.88 192 10.67 0.89

*Not including 200 temporary appointees.
**Not including 139 temporary appointees.

•

York Lane has been the center for an active and
diversified club program. Plans are complete for
the second annual picnic for Laboratory employ
ees and their families.

Employee Benefit Plans. Of importance during
fiscal 1959 was the installation of a Long-Term
Disability Insurance Plan designed to provide
payments to employees in the event of total disa
bility; this plan fills a long-recognized need and
complements the hospitalization and retirement
plans of the Laboratory.

In addition, a major change in the Group Major
Medical Insurance Plan was placed in effect: the
period of time during which covered expenses may
be incurred was extended from three months to one
year. Moreover, provision was made to extend a
modified major medical coverage to retired em
ployees.

and guests had active "Q" clearance, while 295
employees and guests had "L" clearance.

The expansion of the research program and the
physical growth of the Laboratory during the year
have given rise to greater emphasis on the plant
protection program. The increase in this aspect of
the Division's work has been met by the adoption
of industrial plant protection techniques and prac
tices; an accelerated training program, utilizing
advanced methods of instruction, has enabled the
Division to carry out its expanded responsibilities
without additional personnel.

The increased scope of the Division's activities
during fiscal 1959 can best be measured through
a comparison of significant services performed.
Table 5 compares the number of admissions of
nonstaff personnel to the site; each admission re
quires the services of the Division.

SECURITY AND PLANT PROTECTION Table 5

Admissions to the Site

*Includes visitors during open house days.

Fiscal year

1959 1958 1957

28,287
2,760
1,969

20,747

53,763

30,555
4,687
1,931

21,273

58,446

36,472
2,438
2,026

22,576

63,512

Regular visitors*
Conference visitors
Alien visitors
Subcontractor employees

Total

The Security and Plant Protection Division
continued to perform security and protection serv
ices at the Laboratory during fiscal 1959.

The scope of the security function at Brook
haven has continued to contract by reason of the
Atomic Energy Commission's declassification pro
gram and the reduction in classified work at the
Laboratory. Nevertheless, it has been necessary to
maintain an active AEC security clearance pro
gram in order that Laboratory employees may
participate in classified projects as necessary. At
the end of the year, 906 Laboratory employees

,
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27,000

50,000

93,000

99,000

•

•

•
40,000

110,000
40,000

$ 98,000
160,000

PLANT MAINTENANCE

The completion and occupancy of the Medical
Research Center late this fall required further
collaborative efforts to eliminate the difficulties
inevitably encountered with the structural and
mechanical components of a project as complex as
this. In addition, the Division carried out its as
signed responsibilities in connection with the Cos
motron target area, the housing of the 18-in. cyclo
tron in the cyclotron building, the hot laundry and
reclamation facility, and the hot metallurgical cell.

During the year, many other projects with a
total value >$800,000 were undertaken; in every
case the preparation of individual proposals was
required, and in most instances the Division was
requested to furnish working drawings and specifi
cations, contract administration, and field super
vision of construction. The principal projects
under this heading included

Water supply well No.4
Reactor fans
Reactor Complex projects, e.g., storage vault,

canal hoist, basement heat and ventilation,
hood, etc.

Single entrance road, West Gate, including
extension of underground electric lines

Increase in capacity of hydrogen liquefier
Paving additions including Center St. exten

sion, 4 parking fields, and "igloo area" im
provements

Additions and improvements for Biology and
Chemistry Departments, such as controlled
growing cabinets and spectrometer facility 70,000

Modifications and additions to the Metal-
lurgical and Hot Laboratories and to the
Nuclear Engineering building

Alterations and additions for Plant Mainte
nance Division shops and offices, Central
Shops, and Supply and Materiel Division

Building modifications including glass shop
for electronics, calibration relocation, offices
for Applied Mathematics Division, offices
for high flux beam reactor project, and con
tinuous film processing installation

The Plant Maintenance Division during fiscal
1959 continued to operate all Laboratory utilities,
maintain all buildings, roads and grounds, and
provide communication, transportation, travel,
and housing services for all segments of the Labo
ratory; in addition, the Division provides skilled
rigging, moving, and model-making services in
connection with scientific projects.

A comparative analysis of the utilization of
manpower within the Plant Maintenance Divi-

1959 1958 1957

Responses on site 126 113 109
Responses off site 4 2 2
Investigation - no response 31 14 14

Total 161 129 125

The Fire Group maintained its excellent record
in meeting potentially dangerous situations at the
Laboratory. The replacement of three obsolescent
pieces of fire-fighting apparatus with two new fire
trucks should enable the Fire Group to cope with
any foreseeable emergency. Fortunately, there
were no major fires during fiscal 1959; however,
responses to alarms increased.

ARCHITECTURAL PLANNING

The Architectural Planning Division provides
professional skills in the fields of architecture and
engineering to help solve the diverse problems pre
sented by the normal growth of the Laboratory's
facilities. The Division assists the Director and his
staff in periodic review and study of long-range
plans for development of the physical plant, in
the preparation of facility budget requests with
related descriptive brochures, and in the prepara
tion of individual proposals for facility improve
ments. In its role as professional advisor, the Divi
sion translates the specific scientific requirements
of the various Departments into the language of
planning and construction. This usually requires
preparation of reports, working drawings, and
specifications as well as contract administration
and field supervision of projects. In the case of
major projects, for which the Brookhaven area
manager will administer architect-engineer and
construction contracts, this Division provides the
necessary liaison between the Department con
cerned, the area manager, and the architect-engi
neer. Two such projects were initiated last fall
when authorization was received by the AEC to
proceed with design and construction of the Nu
clear Engineering building and the Physics build
ing. The area manager's office entered into a con
tract with a single architect-engineer firm for both
projects, and the Architectural Planning Division
is serving as an important channel of cooperation.

Ground was broken for the Nuclear Engineer
ing building early in June, and construction of the
Physics building is scheduled to start in the fall of
1959.
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Table 6

Manpower Utilization

Fiscal 1959 Fiscal 1958

« Productive Percent of Productive Percent of
Type of work man-years total work man-years total work

Plant utilities operation 56 22 53 23
Building janitor service 36 14 29 12
Decontamination and hot laundry 11 4 11 5

Total plant operations 103 40 93 40

Communications service 10 4 13 6
Transportation, housing, and staff services 21 8 17 8

Total staff services 31 12 30 14

Special services for others 54 21 36 16
Facility improvements 3 1 3 1

Total special services 57 22 39 17

General repairs and maintenance 43 18 44 20
Special long-term maintenance 21 8 21 9

Total maintenance 64 26 65 29

•
Table 7

Costs of Supplies, Materials, and Purchased Labor

•

Plant utilities operations
Coal and fuel oil
Electricity
General supplies

Building janitor supplies
Decontamination and hot laundry supplies

Total plant operations

Staff services
Telephone, teletype, and mail
Transportation (gasoline)
Housing and cafeteria supplies

Total staff services

Maintenance
General materials and purchased labor
Special materials and purchased labor

Total maintenance

Grand total

Fiscal 1959

$ 245,267
728,766

26,360
23,796
16,373

1,040,562

184,892
18,900
41,691

245,483

126,766
309,945

436,711

$1,722,756

Fiscal 1958

$ 280,156
685,973

15,616
16,773
23,463

1,021,981

197,586
15,707
74,667

287,960

136,734
542,507

679,241

$1,989,082
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sion in fiscal 1958 and 1959 is shown in Table 6,
and a comparison of costs incurred in the opera
tion of the Division is presented in Table 7.

Some of the major projects successfully com
pleted by the Plant Maintenance Division during
fiscal 1959 are listed below.

Apartment area
Installation of electric heating facilities
Completion of deferred maintenance

Hospital area
Activation of two small boiler-house units
Transfer of Medical Research Center to new building
Transfer of hot laundry to new building

NOTE: Completion of these projects resulted in the de
activation of the Boiler Plant and a decrease in required
operating personnel of six positions.

Renovation of the Brookhaven Center
Conversion of building to offices for Applied Mathe-

matics Division
Completion of renovation of Administration Annex
Waterproofing of Biology building
Completion of deferred maintenance in 24 other

buildings utilized by scientific departments and
service groups of the Laboratory

SUPPLY AND MATERIEL

The expansion in the scope and diversity of the
Laboratory's research programs during fiscal 1959
has significantly increased the operations of the
Supply and Materiel Division in receiving, storing,
and distributing materials and supplies for Labo
ratory use. As a result, an increase of 23% in the
dollar volume of issues of supplies and materials to
scientific departments and service groups of the
Laboratory was noted during the year, with a
similar increase in the Division's stock inventory
at the end of the year. Nevertheless, the Division
succeeded in maintaining its optimum annual in
ventory turnover ratio of ;::::;3.35. Over 150,000
issues of supplies costing ;::::;$1,400,000 were made
from an inventory composed of;::::; 17,000 separate
items; an outage ratio of <1% in requested stock
items during the year is indicative of the com
pleteness of the inventory on hand for Laboratory
use. The expanded utilization of committees com
posed of ultimate users of inventory items did
much to insure the adequacy and balance of the

inventory at all times. For inventory investment
see Table 4, Introduction.

During the year, the Division was assigned
operating responsibility for the capital equipment
program. Significant progress was made in estab
lishing accountability for the ;::::;20,000 items
valued at ;::::;$7,500,000 which comprise the capital
equipment account. Greater utilization of general
use capital equipment has been effected, and sub
stantial economies have thereby been realized in
the capital equipment acquisition program.

In the accomplishment of its supply function,
the Division has established outlying stockrooms in
5 Laboratory locations and plans to establish 2
additional stockrooms in order to bring supply
facilities closer to users.

PURCHASING

The Laboratory's purchasing activities, directed
toward the procurement of supplies, services, and
materials required to support the effective conduct
of research, amounted to $8,573,264 in fiscal 1959,
exclusive of research and development contracts.
This amount was expended through 18,140 pur
chase orders, the primary procurement medium.

Significant economies were effected through
improved internal administrative procedures
within the Purchasing Division during the year. A
1O-fold increase in the use of petty cash for pur
chases expedited to a marked degree the procure
ment of items immediately required in the research
programs without the necessity of preparing the 8
part purchase order normally utilized. Petty cash
purchases increased from 1007 in fiscal 1958 to
5285 in fiscal 1959, while the dollar volume of this
accelerated procurement method increased from
$12,000 to $130,172 in the same period.

The acquisition by the Laboratory of major
equipments declared excess by Government agen
cies brought about extensive economies; during
the year 53 purchases of excess equipment resulted
in the procurement of equipments and material
that originally cost $641,243 for the sum of
$28,756.

During fiscal 1959, eight sales of surplus Labo
ratory property resulted in a return of $10,770.

•

•

•
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Appendix A

PUBLICATIONS, JULY 1, 1958 - JUNE 30, 1959

This list includes official Laboratory publications, abstracts of papers which were
or will be presented at scientific meetings, and publications by staff members, con
sultants, and guests. All these listings result from work done at the Laboratory; they
were submitted during the review period.* Abstracts are indicated by (A); letters to
the editor, (L); and notes, (N). Acceptance for future publication is designated by
(In press).

•

,

•

GENERAL PUBLICATIONS

Annual Report, July 1, 1958. BNL 523 (AS-12).
Quarterly Progress Reports:

July 1 - September 30, 1958. BNL 526 (S-46).
October 1 - December 31, 1958. BNL 537 (S-48).
January 1 - March 31, 1959. BNL 550 (S-49).
April 1 - June 30,1959. BNL 564 (S-51).

Quarterly Progress Reports, Nuclear Engineering
Department:
April 1 - June 30, 1958. BNL 516 (S-45).
July 1 - September 30, 1958. BNL 536 (S-47).
October 1 - December 31, 1958. BNL 554 (S-50).

Conference Reports:
Thorium-U233 Symposium. BNL 483 (C-26).
Brookhaven Symposia in Biology No. 11. The Photo
chemical Apparatus - Its Structure and Function. BNL 512
(C-28).

Weekly Bulletin 11, No. 51-2; 12, No.1-50.
Weekly Selected Reading List 11, No. 18-52; 12,No.I-16.
Miscellaneous:

Tablefor Converting Photon Wavelength to Photon Energy in
Electron Volts. BNL 553 (T-146), May 1959.

STAFF PUBLICATIONS AND ABSTRACTS

Accelerator Development Department

BETH, R.A. AND LASKY, C. The Brookhaven Alternating
Gradient Synchrotron. Science 128, 1393-1401 (1958).

GOULD, C.L. A course in high vacuum technology. A
course in leak detection for technicians. Presented at
Am. Vacuum Soc. Meeting, San Francisco, Oct. 1958.

GOULD, C.L. Vacuum system for a 25-Bev particle accel
erator. Proc. 1st Intern. Congr. on Vacuum Technol., Brus
sels,June 1958 (In press).

*Also included are those listings from the last Annual Report
[BNL 523 (AS-12)] for which complete reference information
was not then available.
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LASKY, C. (See BETH, R.A.)
READING, O.S. Precise survey ofthe 25-Bev synchrotron

at Brookhaven National Laboratory. Surveying and Map
ping 19, 329-37 (1959).

READING,O.S. Survey of the 25-Bev synchrotron at
Brookhaven National Laboratory. Proc.9th Congr. Intern.
Federation Surveyors, Delft, Netherlands, Aug. 1958 (In
press).

Applied Mathematics Division

KELLER, J.B. AND ZUMINO, B. Determination of inter
molecular potentials froIn thermodynamic data and the
law of corresponding states.]. Chem. Phys. 30, 1351-3
(1959).

KEPPELMAN, W. On the spectral theory of singular inte
gral operators. (N) Proc. Nat!. Acad. Sci. U.S. 44, 1252-4
(1958).

PARTER, S. On the eigenvalues and eigenvectors of a class
of matrices. Submitted to]. Soc. Ind. Appl. Math.

SHIMAMOTO, Y. Symmetries in baryon-K-meson inter
actions. (L) Phys. Rev. Lett. 1,463-5 (1958).

ZUMINO, B. (See KELLER,J.B.).

Architectural Planning Division

RUDDY, J.M. Alpha-gamma "hot" cells utilizing maxi
mum personnel setup and maintenance. Proc. Am. Soc.
Civil Engrs., Cleveland, May 1959 (In press).

RUDDY,J.M. Proportional sampling offiowing liquid
wastes for radioactivity monitoring. 1959 Nuclear Congr.,
Proc.5th Conf Nuclear Sci. and Eng. (In press).

Biology Department

ARMSTRONG, D.T. (See STEELE, R.)
AUGENSTINE, L.G. Structural correlation between ester

ase and protease activities oftrypsin. Science 129, 718-9
(1959).
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AUGENSTlNE, L.G. Indirect inactivation of macromole
cules in solution by ionizing radiation. A method of
analysis. Radiation Research 10, 89-111 (1959).

BERGERON, j.A. The bacterial chromatophore: Its struc
ture and function. (A) Presented at Am. Chem. Soc.
Meeting, Atlantic City, Sept. 1959.

BERGERON, j.A. AND FULLER, R.C. The influence of
carotenoids on the infrared spectrum of bacteriochloro
phyll in Chromatium. Nature (In press).

BISHOP,J.s. (See STEELE, R.)
BREWBAKER, j. L. AND SHAPIRO, N. Homozygosity and S

gene mutation. (L) Nature 183,1209-10 (1959).
BREWBAKER, j.L. Incompatibility and the pollen grain.

(A) Proc. 9th Intern. Botan. Congr., Montreal, Aug. 1959
(In press).

CATTANEO, S.M., QUASTLER, H. AND SHERMAN, F.G. DNA
synthesis in x-irradiated hair follicles. (A) Radiation
Research 11, 437 (1959).

CURTIS, H.j. AND GEBHARD, K.L. Aging effect of toxic
and radiation stresses. Presented at Conf. on Aging,
Gatlinburg, Tenn., April 1959.

CURTIS, H. j. The effect of cosmic radiation on higher
animals in a satellite environment. Chapter in Possible
Uses of Earth Satellites in Life Science Experiments, O.
Schmitt, Editor, University of Michigan Press, Ann
Arbor (In press).

CURTIS, H.j. Factors influencing radiation-induced mu
tations in plants. Trans. Bose Research Inst. Calcutta 22,
17-24 (1958).

CURTIS, H.j. Radiation-induced aging. Chapter in Medi
cal Physics, Vol. 3, Otto Glasser, Editor, Yearbook Pub
lishers, Chicago (In press).

DALY, K. On the origin and history of the red-flowered
tobacco, Nicotiana X Sanderae. Baileya 7,37-41 (1959).

DALY, K. (See SMITH, H.H.)
ERWIN, M.j. (See KOSHLAND, D.E. JR.)
FULLER, R.C. Bacterial photosynthesis subsequent to the

photochemical act. (A) Proc. 9th Intern. Botan. Congr.,
Montreal, Aug. 1959 (In press).

FULLER, R.C. AND GIBBS, M. Intracellular and phylo
genetic distri bution of ri bulose 1,5-diphosphate car
boxylase and D-glyceraldehyde-3-phosphate dehydro
genases. Plant Physiol. 34, 324-9 (1959).

FULLER, R.C. (See BERGERON, j. A.)
FULLER, R.C. (See SISLER, E.C.)
FULLER, R.C. (See SMILLIE, R.M.)
FULLER, R.C. (See VISHNIAC, W.)
GEBHARD, K.L. (See CURTIS, H.j.)
GEISSELSODER,j.L. (See NIMS, L.F.)
GIBBS, M. (See FULLER, R.C.)
GIBBS, M. (See KANDLER, 0.)
GUNCKEL, j.E. AND SPARROW, A.H. Ionizing radiations:

Biochemical, physiological and morphological aspects
of their effects on plants. Handbook of Plant Physiology,
Vol. 16, Springer-Verlag, Berlin (In press).

JAKOWSKA, S., NIGRELLI, R.F. AND SPARROW, A.H. Radio
biology of the common newt, Diemictylus virzdescens.
Hematological and histological effects of whole-body
x-irradiation. Zoologica 43, 155-63 (1958).

KANDLER, O. AND GIBBS, M. Research on the influence
on photosynthesis of the distribution within the hexose
molecule. Submitted to Z. Naturforsch.

KATZ, F.F. The effect of irradiation on reproduction by the
heterogenetic generation of Strongyloides papillosus. 1. Ir
radiation of males and females. Submitted to BioI. Bull.

KLEIN, j. R. Competitive inhibition of D-amino acid
oxidase by benzoate as a function of substrate. Biochim.
et Biophys. Acta (In press).

KLEIN, j.R. Metabolism of iron in the duck. Am.]' Phys
iol. 196,656-62 (1959).

KLEIN,j.R. Net synthesis of heme from protoporphyrin
and iron by extracts of duck erythrocytes. Proc. Soc.
Exptl. BioI. Med. 101,6-9 (1959).

KONZAK, C.F. Induced mutations in host plants for the
study of host-parasite interactions. Submitted to Plant
Pathology - Problems and Progress (reviews celebrating the
Fiftieth Anniversary of the American Phytopathological
Society).

KONZAK, C.F. Radiation-induced mutations for stem rust
resistance in cereals. Agron.]. 51, 518-20 (1959).

KOSHLAND, D.E. JR. Enzyme flexibility and enzyme
action.]' Cellular Compo Physiol. Suppl. (In press).

KOSHLAND, D.E. JR. Isotopic studies of enzyme structure
and function. Proc. 2nd UN Intern. Con] on Peaceful Uses of
Atomit Energy, Vol. 24, pp. 39-42, UN, Geneva, 1958.

KOSHLAND, D. E. JR. Mechanisms of enzyme action. (A)
Proc. Soc. Cosmetic Chemists, New York, May, 1959 (In
press).

KOSHLAND, D.E. JR., RAY, W.j. AND ERWIN, M.j. Pro
tein structure and enzyme action. Federation Proc. 17,
1145-50 (1958).

KOSHLAND, D.E. JR. Specific intermolecular forces in
enzyme-substrate interactions. (A) Presented at Am.
Chem. Soc. Meeting, Atlantic City, Sept. 1959.

KOSHLAND, D.E.JR. (See LEVY, H.M.)
KOSHLAND, D.E. JR. (See THOMA, j.A.)
KOSHLAND, M.E. Iodination of gamma globulin with I1ll.

(A) Federation Proc. 18,578 (1959).
LACHANCE, L.E. The enhancement of chromosome aber

rations by CO2 and its dependence on the linear energy
transfer of various radiations. (A) Records Genetics Soc.
28,81 (1959).

LACHANCE, L.E. (See STEFFENSEN, D.M.)
LATTERELL, R.L. Changes in radiosensitivity of maize

chromosomes during seed germination. (A) Records
Genetics Soc. 28, 81-2 (1959).

LEVY, H.M., SHARON, N. AND KOSHLAND, D.E. JR. A
mechanism of dinitrophenol action on myosin ATPase.
(A) Federation Proc. 18,273 (1959).

LEVY, H.M., SHARON, N. AND KOSHLAND, D.E. JR. A
mechanism for the effects of dinitrophenol and tem
perature on the hydrolytic activity of myosin. (N) Bio
chim. et Biophys. Acta 33, 288-9 (1959).

LEVY, H.M. AND KOSHLAND, D.E. JR. Mechanism of
hydrolysis of adenosinetriphosphate by muscle proteins
and its relation to muscular contraction.]. Bio!. Chem.
234, 1102-7 (1959).

LEVY, H.M., SHARON, N. AND KOSHLAND, D.E. JR. Puri
fied muscle proteins and the walking rate of ants. Proc.
Nat!. Acad. Sci. u.s. 45, 785-91 (1959).

NIGRELLI, R.F. (SeeJAKOWSKA, S.)
NIMS, L.F. AND GEISSELSODER, j.L. The effects of noxious

agents upon carbohydrate metabolism. Submitted to
Radiation Research.
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NIMS, L.F., GEISSELSODER,J. AND THURBER, R.E. Life
expectancy in rats after single whole-body expos
ures to slow neutrons or x-rays. Presented at Intern.
Congr. on Radiation Research, Burlington, Vt., Aug.
1958.

NIMS, L.F. Membranes, tagged components and mem
brane transfer coefficients. rale]. Bio!. and Med. 31, 373
86 (1959).

NIMS, L.F. AND THURBER, R.E. X-radiation, nitrogen ex
cretion and the adrenal gland. (A) Federation Proc. 18,
114, (1959).

NIMS, L.F. (See THURBER, R.E.)
POND, V. (See SPARROW, AH.)
POND, V. (See WILSON, G.B.)
QUASTLER, H., BENSTED, J.P.M., LAMERTON, L.F. AND

SIMPSON, S.M. Adaptation to continuous irradiation:
Observations on the rat intestine. Brit.]. Radio!. (In
press).

QUASTLER, H. AND SHERMAN, F.G. Cell population kinetics
in the intestinal epithelium of the mouse. Expt!. Cell
Research 17,420-38 (1959).

QUASTLER, H. Cell renewal and acute radiation damage.
Radiology 73, 161-5 (1959).

QUASTLER, H. The description of steady-state kinetics.
Chapter in Kinetics of Cellular Proliferation, pp. 431-3,
Grune & Stratton, New York, 1959.

QUASTLER, H. AND ZUCKER, M. The hierarchy of modes
of radiation death in specifically protected mice. Radia
tion Research 10, 402-9 (1959).

QUASTLER, H. Information theory in biology. Chapter in
Medical Physics, Vol. 3, Otto Glasser, Editor, Yearbook
Publishers, Chicago (In press).

QUASTLER, H. Information theory of biological integra
tion. Am. Naturalist 93,245-54 (1959).

QUASTLER, H. Information theory of radiation mortality.
Presented at Intern. Congr. on Radiation Research,
Burlington, Vt., Aug. 1958.

QUASTLER, H. Information theory in radiobiology. Ann.
Rev. Nuclear Sci. 8, 387-400 (1958).

QUASTLER, H. Information theory of system failure. (A)
Presented at Biophys. Soc. Meeting, Pittsburgh, Feb.
1959.

QUASTLER, H. Some aspects of cell population kinetics.
Chapter in Kinetics of Cellular Proliferation, pp. 218-22,
Grune & Stratton, New York, 1959.

QUASTLER, H. AND HAMPTON, J.C. Some observations on
radiation damage in epithelial cells of the mouse intes
tine. Proc. 4th Intern. Con! on Electron Microscopy, Kiel,
Germany, Sept. 1958 (In press).

QUASTLER, H. Storage and actuation of genetic informa
tion. The information theory approach. Lab Invest. 8,
480-94 (1959).

QUASTLER, H. (See CATTANEO, S.M.)
QUASTLER, H. (See CRONKITE, E.P. - Medical)
QUASTLER, H. (See SHERMAN, F.G.)
RAY, W.J. (See KOSHLAND, D.E. JR.)
RUDKIN, GT. AND WOODS, P.S. Incorporation ofH3-cyti

dine and H 3-thymidine into giant chromosomes of
Drosophila during puff formation. Proc. Nat!. Acad. Sci.
U.S. 45, 997-1003 (1959).

SCHAIRER, L.A. (See SPARROW, A.H.)
SCHAIRER, L.A (See STEIN, O.L.)
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SCHAIRER, M.u. (See WOODS, P.S.)
SCHWINGHAMER, E.A. The relation between radiation

dose and the frequency of mutations for pathogenicity
in Melampsora lini. Phytopathology 49,260-9 (1959).

SHAPIRO, N. (See BREWBAKER, JL.)
SHAPIRO, S. Studies on the control of root polarization on

stem cuttings of the Lombardy poplar. (A) Proc. 9th
Intern. Botan. Congr., Montreal, Aug. 1959 (In press).

SHARON, N. (See LEVY, H.M.)
SHERMAN, F.G., HAMPTON, JC., LAMERTON, L.F. AND

QUASTLER, H. Cell migration in normal and irradiated
intestine. (A) Federation Proc. 18, 143 (1959).

SHERMAN, F.G. AND QUASTLER, H. DNA synthesis in an
irradiated cell population. Submitted to Expt!. Cell Re
search.

SHERMAN, F.G. (See CATTANEO, S.M.)
SHERMAN, F.G. (See QUASTLER, H.)
SISLER, E.C. AND FULLER, R.C. The citric acid and gly

oxylate cycles in Chromatium. (A) Federation Proc. 18,325
(1959).

SMILLIE, R.M. AND FULLER, R.C. Ribulose 1,5-diphos
phate carboxylase activity in relation to photosynthesis
by intact leaves and isolated chloroplasts. Plant Physiol.
34, 324-9 (1959).

SMITH, H.H. AND DALY, K. Discrete populations derived
by interspecific hybridization and selection in Nicotiana.
Submitted to Evolution.

SMITH, H.H. Genetic plant tumors in Nicotiana. Ann. x.r.
Acad. Sci. 71,1163-77 (1958).

SMITH, H.H., STEVENSON, H.Q. AND KEHR, A.E. Limits
and consequences ofmultiple allopolyploidy in Nicotiana.
Nucleus 1, 205-22 (1958).

SPARROW, A.H. AND SCHAIRER, L.A. The role of certain
chemical and physical factors in tumor formation in
several plant genera. (A) Proc. 9th Intern. Botan. Congr.,
Montreal, Aug. 1959 (In press).

SPARROW, A.H., SPARROW, R.C., AND POND, V. Sterile
culture of excised anthers of Trillium erectum. (A) Proc.
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George B. Chadwick
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William Chinowsky
Ernest D. Courant
Edward W. Dexter
Andrew O. DuBois*
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E. O. Lawrence Radiation Laboratory)
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Carnegie Inst. of Technology)

Lawrence B. Leipuner
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Clifford E. Swartz
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Robert L. Chase
Frederick P. Cowan
Carl H. Distenfeld
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Thomas M. Gerusky
John S. Handloser

(on leave to Venezuelan Inst.for
Neurology and Brain Research)

William A. Higinbotham
Roland P. Kenschaft
Clifford J. Konnerth*
Charles B. Meinhold
Gabriel L. Miller
Thomas D. Murphy
Hassan Parnianpour
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Bagdad Pact Nuclear Centre, Iraq)
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David W. Potter
Ernest A. Rainey
Seymour Rankowitz
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Maynard E. Smith
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Irving J. Polk, Head
Robert D. Baldwin,Jr.
Vernon J. Buchanan
Burton Z. Chertok
Basil De Vito
Charles L. Gould
JohnJ. Grisoli
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Donald W. Huszagh
David D. Jacobus*
Jack E. Jensen
Michael B. Karelitz
David A. Kassner
Caiman Lasky
Robert J. McCracken
Kurt F. Minati
George Nugent
Oliver S. Reading
Albert P. Schlafke, Jr.
Charles Theisen
William G. Walker
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Lee E. Farr, Chairman
Howard J. Bagnall*

(medical associate)

John L. Bateman
(medical associate)

Albert Bertinchamps
(medical associate)

Victor P. Bond
Donald C. Borg
Stanton H. Cohn
Robert A. Conard,Jr.
George C. Cotzias
Robert L. Cranny

(medical associate)
Eugene P. Cronkite
Lewis K. Dahl
Albert F. Debons

(medical associate)
Roger C. De Meutter

(medical associate)
Ruth M. Drew
Otho D. Easterday
Ludwig E. Feinendegen

(medical associate)
Samuel Fine

(medical associate)
Theodore M. Fliedner*

(medical associate)
Conrad Fong*
Olav P. Foss

(on leave from
Norwegian Radiumhospital, Norway)

William H. Gordon, J r.
(medical associate)

Mary B. Hagamen
Lawrence V. Hankes
Mary M. Hawrisiak*

(graduate student from
Johns Hopkins Univ.)

Walter L. Hughes
Horton A. Johnson

(medical associate)

Werner E. Kahle*
(medical associate)

Sven-Aage Killmann
(medical associate)

Paul G. LeFevre
Stuart W. Lippincott
Robert A. Love

Myles Maxfield
Gerald McGinniss*

(medical associate)

Robert B. Painter*
Victor Perman

(medical associate)
Edwin A. Popenoe

James S. Robertson
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Claire J. Shellabarger
Walton W. Shreeve
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(medical associate)
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Donald D. Van Slyke
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Clarke Williams, Chairman
George Adler
Leonard B. Adler
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Theodore Auerbach
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David S. Ballantine
HugoH. Beit
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Fritz Bloch
Merwyn Brodsky*
Joseph S. Bryner
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Jack Chernick
Joe G.Y. Chow
Noel R. Corngold
Anita]. Court
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Robert F. Doering
Kenneth W. Downes
Orrington E. Dwyer
James]. Egan
EnisErdik
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Allen Eshaya
Harmon L. Finston
Aaron]. Friedland
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Robert]. Gibbs
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William S. Ginell*
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Loranus P. Hatch
Aulis A. Hellsten
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Joseph M. Hendrie
Raymond]. Heus
Frank B. Hill
Jurg A. Hoigne

(postdoctoral app6:ntment)
Frederick L. Hom
RobertJ. Isler
William T. Johnsen

(assignedftom Babcock & Wilcox Co.)
Richard Johnson
Sheldon Kalish
Otto F. Kammerer
Kouichiro Kashiwabara
(assignedfrom Mitsubishi
Atomic Power Industries, Inc.,Japan)

Herbert M. Katz
John]. Kelsch
William F. Kenney
Carl]. Klamut
Herbert].C. Kouts
Otto A. Kuhl
Lawrence E. Kukacka, Jr.
Gerald S. Lellouche

(graduate studentfrom
North Carolina State College)

Donald R. MacKenzie
Bernard Manowitz
Frank D. Maslan
William E. McNulty
Robert A. Meyer
DonaldJ. Metz
Paul A. Michael
Francis T. Miles
Terukatsu Miyauchi*

(on leavefrom Univ. rifCalifornia)
Edmund R. Modowski
(assignedftom Babcock & Wilcox Co.)

Sophie Oleksa Moore*
Leonard Newman
Granville M. Olds
(assignedftom Babcock & Wilcox Co.)

James P. Phelps
Carl Pierce
James R. Powell,Jr.
Glenn A. Price
Chad]. Raseman
William H. Regan, Jr.
David M. Richman*
Herbert W. Rief

(postdoctoral appointment)
William A. Robba
Arthur E. Roswell*
Wolfgang Rothenstein

(postdoctoral appointment)
Patrick Russell*
(assignedfrom Babcock & Wilcox Co.)

Jerome Sadofsky
Francis]. Salzano
Henry H. Samuelson*
(graduate studentfrom
Univ. rifConnecticut)

Cesar A. Sastre
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Louis M. Slater
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Walter D. Tucker
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Edward Wirsing,Jr.
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Samuel A. Zwickler
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Charles P. Baker
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Marietta E. Blau*
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Morton K. Brussel
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Ananda M. Ghosh*
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G. Norris Glasoe
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Irwin Goldberg

(assigned from The Physical Review)
Gertrude S. Goldhaber
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Bernard P. Gregory*
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Feza Giirsey
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Rudolph Haas*
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DonaldJ. Hughes
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Ralph A. Pixley
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Lew F. Porter*
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Kurt Reibel*

(graduate student from
Univ. ofPennsylvania)

Ronald M. Rockmore
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Brice M. Rustad
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(postdoctoral appointment)
Robert B. Schwartz
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Joseph E. Smith
Lincoln G. Smith*
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John E. Binns
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(assignedfrom
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*Terminated before June 30,1959.
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