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An important event in the history of Brookhaven National Laboratory
is recordedinthis picture, takena few minutes before the reactor be-
came criticalat2:30 a.m., August 22,1950, The scene isthe console
desk in the control room, with all eyes turned toward the indicating
instruments. Although the date on whichcriticality was reached was
later thanthe actual periodcovered bythis report, the event was such
amilestone inthe Laboratory’s development that early start-upinfor-
mation available at the time of printing was included.
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ASSOCIATED UNIVERSITIES, INC.
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Visiting Committees

For the Biology Department:

Chairman, Edmund W. Sinnott, Yale University
Richard Bradfield, Cornell University
J. Walter Wilson, Brown University
H.G. Wood, Western Reserve University
J.R. Loofbourow, Massachusetts Institute of Technology

For the Chemistry Department:

Chairman, George B, Kistiakowsky, Harvard University
David Harker, General Electric Company
Ralph Connor, Rohm and Haas Company
Louis P. Hammett, Columbia University
Joseph W. Kennedy, Washington University, St, Louis

For the Medical Department:

Chairman, I.S. Ravdin, University of Pennsylvania
Herrman L. Blumgart, Harvard University
Wallace O. Fenn, University of Rochester
Colin M, MacLeod, New York University
G. Failla, Columbia University

For the Physics Department:

Chairman, Jerrold R. Zacharias, Massachusetts Institute of Technology
Charles H. Townes, Columbia University
C.G. Montgomery, Yale University
Hans A, Bethe, Cornell University
Victor F. Weisskopf, Massachusetts Institute of Technology

For the Reactor Science and Engineering Department:

Chairman, Thomas B, Drew, Columbia University
Manson Benedict, Hydrocarbon Research, Inc,
W.G. Whitman, Massachusetts Institute of Technology
Harvey Brooks, General Electric Company
Eugene P, Wigner, Princeton University
John Chipman, Massachusetts Institute of Technology
Augustus B, Kinzel, Union Carbide and Carbon Research Labora-
tories, Inc,

Introduction

The purpose of this introductory section is to record the subjects to which the
Trustees, their committees, and the Officers of Associated Universities, Inc. have
given particular attention during the past six months., The second part of this report
will provide a full account of the progress of Brookhaven National Laboratory during
the period and its plans for the future,.
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As in the past, the Trustees have maintained their lively and direct interest in
all of the affairs of the Laboratory, and have substantially assisted its management
through funneling their institutions' intellectual resources into the project,

At regular monthly meetings of the Executive Committee and quarterly meetings
of the Board of Trustees, detailed reports of the Officers and Director have been con-
sidered and acted upon. The value of their knowledge of the Laboratory's work and
their guidance on major matters of policy and procedure have been augmented by visits
of individual trustees to Brookhaven National Laboratory, by service on special
committees, and by conferences at their respective universities with the Director and
Officers. Of great importance, also, is the perspective which they bring to those
engaged closely in the daily operation of the Laboratory.

Trustees Report

In July, 1949, the Trustees authorized a committee to prepare a report summar-
izing and appraising the experience of AUI as a contractor with the AEC during the
first three years of the contract relationship. The report was submitted in April. It
found that steady progress was being made toward realization of the fundamental pur-
poses of the participating universities, and that, on the whole, the contractual relation-
ship with the AEC was satisfactory, the exceptions being matters of procedure more
than of principle. In the report itself, and in subsequent considerations of major poli=-
cies, the Trustees expressed their judgment on several important matters.

1. It is the wish of AUI to provide an environment in which promising funda-
mental research can flourish, but also to render service to the country by undertaking
other projects of immediate practical value to the Commission’s other programs.
Fundamental research is the foundation upon which future scientific development rests.
In the national interest and for the good of science, the Laboratory’s role as a center
for fundamental nuclear research and development must be protected. Also in the
national interest, however, problems of immediate practical concern must be solved.
To the extent consistent with its primary purpose, Brookhaven National Laboratory
should seek ways in which to assist the AEC in solving them, Therefore, in light of
the increasingly grave international situation, the Trustees concurred in the plan of
the Director of the Laboratory to explore with the AEC ways in which the Laboratory
can now be especially useful in the national interest,

2. Without relaxing the effort to recruit a first-class staff and initiate fruitful
programs of research, primary operating emphasis should be given to the earliest
possible completion of major facilities.

3. The resources of equipment and staff at the Laboratory are intended tobe used
in cooperative projects and in training by qualified scholars or engineers from any
educational or research institution in the northeastern area,

Contract Negotiation

The Corporation’s contract with the Atomic Energy Commission provides for
expiration on December 31, 1950, unless renewed. Early completion of negotiations
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for renewal is desirable. The President appointed a committee of Trustees to assist
the Officers of the Corporation in negotiating renewal of the contract with the AEC,
During July, the contract was extended for six months to June 30, 1951, in order to
bring its term into conformity with the AEC's fiscal year, and to provide more time
for discussion of certain features to be embodied in the new contract, This commit-
tee, with some of the Officers and the Laboratory Director, has met with a group of
representatives of the AEC in a preliminary discussion of some aspects of the con-
tractual relationship. Thereafter, the Trustees reaffirmed their view that the best
interests of the AEC and of the universities will be served by preserving a substan-
tial measure of administrative autonomy in AUI as the representative for the uni-
versities,

Organization and Personnel

Dr. George B. Collins, representing the University of Rochester, resigned from
the Board of Trustees to assume his new post as Chairman of the Accelerator Project
at the Laboratory. At its April meeting, the Board elected Dr. William S, McCann of
the Rochester School of Medicine and Dentistry to take Dr. Collins’ place,

Meetings of the Visiting Committees

The following meetings of the visiting committees were held between January 1
and June 30, 1950:

For the Biology Department:

April 22, 1950, To review the current and future program of the Biology Depart-
ment, and to consider the choice of a new Department Chairman, The committee
approved Dr. Howard Curtis, who will assume this post on October 1,

For the Chemistry Department:

June 29-30, 1950. To review and appraise the work of the Chemistry Department,
In its report, the committee was most complimentary about the Department's work,
staff, and leadership, and emphasized the importance of postdoctoral fellowships as a
means of training nuclear scientists,

For the Medical Department:

April 6-7, 1950. To review the Medical Department’s program and to become
better acquainted with its staff, The committee found that a splendid start has been
made in gathering a well-qualified staff, and in beginning an important research pro-
gram, The committee’s findings emphasized the desirability of bringing the Medical
Department into closer touch with other scientific departments, particularly the
Biology and Physics Departments, as soon as possible, and the importance of avoid-
ing delay in building permanent hospital facilities for medical research at the Labora-
tory.
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For the Physics Department:

May 1-2, 1950, To review the work and plans of the Physics Department and
of the Accelerator Project. It was the committee's judgment that the present work
is highly commendable and the plans thoroughly in keeping with the proper aims of the
Laboratory. ,

For the Reactor Science and Engineering Department:

January 9, 1950, To review plans for repair and reinforcement of the reactor,
The committee found that the plans were sound and urged their prosecution without
delay.

March 13, 1950, To review the Department’s research program and the progress
of repair and reinforcement of the reactor, The committee expressed satisfaction
with the research programs described and with the progress made in completing the
reactor,

Conference with Representatives of Other University Contractors

In May, another of the series of meetings of representatives of the principal
university contractors with the Atomic Energy Commission was held at Argonne
National Laboratory. A wide range of administrative subjects was reviewed, particu-
larly including organization, personnel administration, accounting, budgeting, patent
management, and communication between the national laboratories and their university
sponsors. Such conferences are valuable because they permit an exchange of experi-
ence whereby each institution is better enabled to solve problems which the others

may have encountered already.

Fiscal

Fiscal developments of extra routine interest during the period included:

1. Preparations were completed for the introduction on July 1, 1950, of a de-
tailed cost accounting system, providing for compilation and distribution of direct
and indirect costs on an accounting basis, A new chart of accounts and rearrangement
of the organization of several of the Laboratory's departments were necessary fea-

tures of the new system.

2. On June 23, the Liberty Mutual Insurance Company rendered its accounting
for the second interim adjustment of the premium account for the Corporation’s
coverage of workmen's compensation and general liability risks, The adjustment was
retroactive to April 15, 1947, and included a recalculation of reserves for all open
claims, A substantial return premium was paid to the Corporation by the carrier and
was applied to the cost of other Laboratory programs,

3. Negotiations were completed with the Liberty Mutual Insurance Company to
increase the limits of insurance coverage against claims arising from occupational
disease, public liability, and property damage.




4. Messrs, Haskins and Sells, the Corporation's auditors, did not, as in pre=-
vious years, make an audit as of December 31, 1949, A completé audit will be made
as of June 30, 1950,

Public Education

After three special showings at Wallingford, Connecticut; Manhasset, Long
Island; and Stratford, Connecticut, all but one or two locally useful parts of the
Nuclear Energy Exhibit were transferred to the American Museum of Atomic Energy
at the Oak Ridge Institute of Nuclear Studies. This transfer was proposed by AUI
because the Trustees felt the exhibit program could more appropriately be adminis-
tered by another agency, and because to do a thorough job of exhibit promotion would
call for a larger staff and expenditure of more money than they were willing to ap=
prove, During the three years since AUI purchased its first component, the exhibit
has been shown twenty-five times to a total estimated audience of 370,800 persons
at a total cost of $91,200 for the whole program.

The staff of the Public Education Office was brought up to strength, There has
been noticeable improvement in the quantity and usefulness of the output. In particu-
lar, news stories concerning some of the more significant developments atthe Labora-
tory were prepared and released as a service to the press and radio. Also, an in-
creasing service was rendered to reporters and special writers who asked for aid in
preparing their own stories, These services must be a part of AUI's program because
the central news gathering agencies of New York City depend upon nearby Brookhaven
National Laboratory, as well as upon the New York Office of the AEC, for current
information about nuclear developments in general,

The experimental Educational Services Program developed still further. A
conference of members of the Association of Secondary School Administrators was
held under the joint auspices of New York University and AUI to acquaint them with
the broad outlines of recent atomic developments, because they affect the planning
and administration of school curricula. The deans or department chairmen, and one
president, of the eleven New York state teacher training institutions attended a con-
ference at the Laboratory. This meeting was arranged by AUI and the Executive Dean
of the State University of New York, Dr. Hermann Cooper, to explore the part they
might play in developing atomic education, especially in the social science areas. At
Hartford, Connecticut, with the assistance of AUI, the Connecticut Department of
Education conducted a three-day institute for secondary school teachers in Connecti-
cut and adjacent states to acquaint them with nuclear developments and how they may
be introduced into the classroom, Similar institutes are being planned in Pennsyl-
vania and in other parts of New York.

In addition, efforts continued to expedite and encourage the production by others
of teaching materials in the atomic energy field and to find financial sponsors for
other educational projects, including the production of motion pictures and workshops
or in-training conferences for teachers,




Administration of AEC Predoctoral Fellowships

Acting upon the request of the AEC, and as an emergency measure, Associated
Universities, Inc. undertook administration of the AEC Predoctoral Fellowships in
the northeastern region for the academic year 1950-51, Although the announcement
of the fellowships was unusually late, 142 completed applications were received from
students seeking to undertake advanced study in the physical and life sciences. After
careful review of their academic qualifications by Fellowship Panels, and “fellowship
approval” by AEC, as required by law, 37 appointments were made by Associated
Universities, Inc. and accepted, These men will study toward advanced degrees in
15 universities in the northeastern area.

&,

Invaluable assistance was received from the National Research Council in estab-
lishing administrative procedures and in examining and ranking the qualifications of
applicants. AUI also acknowledges with sincere thanks the service of the members
of the AUI Fellowship Panels:

Physical Sciences

Dr. T.B. Drew, Executive Officer, Department of Chemical Engineering,
Columbia University
Dr. R.W. Dodson, Chairman, Chemistry Department, Brookhaven National
Laboratory
Dr. J.C. Boyce, Chairman, Department of Physics, New York University

Biological Sciences

Dr. D.D. Van Slyke, Assistant Director, Brookhaven National Laboratory
Dr. H.H, Rossi, Assistant Professor of Radiology, Columbia University
Dr. L.F. Nims, Chairman, Biology Department, Brookhaven National Laboratory
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PART TWO

REPORT OF BROOKHAVEN NATIONAL LABORATORY

INTRODUCTION

This report for fiscal year 1950 concentrates on the work of the last half of the
year, since a semiannual report was issued on December 31, 1949 (BNL 39 (AS-3)).
With the adoption of the new procedure of issuing an annual report at the end of the
fiscal year, this report of an interim nature emphasizes the scientific research prog-
ress of the past six months and reviews the administrative aspects of Laboratory
operation for the entire fiscal year. For detailed reports on the research progress of
the various scientific departments, attention is called to the quarterly scientific
progress reports of the Laboratory.

July 1950 saw the completion or near completion of many of the initial facilities
planned for Brookhaven National Laboratory. The reactor complex was complete, ex-
cept for the reactor alterations; these were scheduled for August completion. The
Accelerator Project realized the completion of the cyclotron - Van de Graaff building
and the installation of the two machines. The Cosmotron building was completed. The
fabrication of components and their assembly into the Cosmotron continued.

The greatest effort toward the completion of facilities was spent on the nuclear
reactor. This maximum of effort plus the diversion of considerable funds made pos~-
sible the virtual completion of the reactor in August. It is to be noted, parenthetically,
that the alterations were completed by the H.K. Ferguson Company on August 11, 1950,
at which time the reactor was turned over to the Laboratory. Loading of the uranium
proceeded until criticality was reached on August 22, 1950.

The first phase of the Biology building was completed and put into active use.
The Chemistry complex was completed, with the exception of part of one wing which
will be finished in 1951. The Physics Department, although scattered through many
temporary buildings, carried its work through to a productive research phase. The
Medical Department, the last unit to implement its research program, saw the com~
pletion of pathology, bacteriology, and biochemistry laboratories and of the research
hospital within the structure of the former camp hospital. Thus, for the present time,
each department has reasonably good, though limited, laboratory facilities. However,
the Medical and Physics Departments are in temporary quarters, and Biology Depart-
ment facilities need to be extended. Appropriations for the second phase of the Biol-
ogy Department construction are available and plans are under way.

The over-all construction status of the Laboratory is shown in the accompanying
chart (Figure 1). The total area in use is shown by quarters. New construction oc-
cupied during the past year includes the Cosmotron building (partial only), the hot
laboratory, reactor laboratories, and the cyclotron - Van de Graaff building.
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The 2-Mev electrostatic generator, purchased from the High Voltage Corpora-
tion, was installed and is operating for the Chemistry Department. The Accelerator
Project's 3.5-Mev General Electric accelerator operated generally at 2.0 Mev with
an occasional top voltage of 2.5 Mev. Work on this machine was centered on bring~
ing it up to specification by the manufacturer and the Laboratory, and on the starting
of research, using proton or deuteron beams. The cyclotron was installed by the
Collins Radio Co. and the Laboratory. The usual debugging and shakedown period is
now in process. The Cosmotron is in process of assembly; the steel for its magnet
is in place. The 4.0-Mev Van de Graaff injector was under test at the manufacturer’s
plant and is scheduled for shipment to the Laboratory in September. The over-all
schedule for the Cosmotron calls for the assembly of all parts for test as a 2 to
3-Bev proton accelerator early in 1951.

With emphasis on the completion of facilities and the implementation of the re-
search program, the trend in personnel has been toward an increase of scientists,
engineers, and supporting technical help, while the number of general and administra-
tive personnel has shown a sharp decline. This latter reduction was achieved as a
result of a detailed study of certain Laboratory operations and a reorganization in
several groups. On June 30, 1950, there was a ratio of 4.8 employees to every sci-
entist. This number would have been less had not employment of scientists been de-
liberately delayed in order to keep in step with delays in certain facilities, and as an
economy move. The over-all trends in Laboratory personnel, which show a net re-
duction of 6%, are summarized in the accompanying table.

The following key people have joined the Laboratory staff: Dr. George B. Collins
became chairman of the Accelerator Project on April 1. Dr. Howard Curtis, now
chairman of the Physiology Department, Vanderbilt University, will arrive on
October 1, 1950, to assume the chairmanship of the Biology Department; Dr. Leslie
F. Nims, who resigned as chairman in December, 1949, was asked to continue until
then. Dr. Gerald F. Tape became Assistant to the Director on July 1.

In July, 1950, a new contract with the AFL labor union was concluded. The con~
tract extends to June 30, 1955, with provisions for a wage adjustment for annual im-
provement and for cost of living changes. The Laboratory also adopted a new vaca-
tion policy for wage employees, the main feature of which is the change of vacation
schedules to one day per month with pay, while maintaining the option of the old
schedule of two days per month, the second day without pay. Adjustment of wage
scales to compensate for the additional 12 working days was made.

The research activities continue to be directed toward stabilization within the
departments and toward the use of the reactor and accelerators during the next year.
An increasing number of research projects has been completed or has reached the
stage where reports of significant progress could be made. This is indicated by an
increasing number of technical publications submitted by the scientists. The results
of classified work are published only as classified reports with limited distribution.

The programs of the Chemistry and Physics Departments are well stabilized
around researches utilizing nuclear techniques, both within and outside the field of
nuclear energy. Where a moderate program using sources supplied from outside the
Laboratory now exists, expansion is about to take place because of the availability of
a greater variety of sources supplied from the Laboratory. Also, the chief expansion
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of all research programs will be in connection with the actual use of particle beams
from the accelerators and the reactor. In this area of research are included all of
the experiments with the electrostatic generator, time-of-flight slow neutron velocity
work with the cyclotron, and the many proposed experiments with reactor neutrons
for studies with neutron optics, interactions with nuclei, and shielding studies, as
well as general irradiation work.

Personnel Changes

Employees June 30, 1949 June 30, 1950 Change

Scientific Departments

Continuing scientists 193 210 + 17
On-leave scientists _25 ' _19%x* - 6
Total 218 229%% + 11
Technical helpers* 223 274 + 5l%%k
Others 60 58 - 2

Technical Services

Technical helpers’* 125 132 + 7
Others 41 29 - 12

General and Administrative

All classes 744 603 -138
Total Scientists 218 229 + 11
Total Technical Helpers 348 406 + 58
Total Others 845 690 -155
Grand Total 1411 1325 - 86

*Technical helpers include technicians, mechanics, etc., who work on sci-
entific equipment. .

*%¥Does not include temporary (less than three months) paid appointees who
worked a total of 9.3 man-years during fiscal year 1950, consultants who
worked a total of 2.8 man~years, nor guests without stipend who worked
a total of 6.1 man-years.

x*%Largely accounted for by increments in the Medical Department (includ-
ing the hospital) and major facilities.

Applied physics and chemistry research and engineering studies have been car-
ried out in the Reactor Science and Engineering Department. Most of the work in
metallurgy and chemical engineering has been directed toward reactor design studies,
fuels, and fission products. The Electronics Division has been concerned with the de-
velopment of instruments and equipment for specialized research and for health
physics use. The general electronics problems center around the design of equip-
ment having greater precision and stability, ability to measure short times (fractions
of a microsecond), simplification of monitoring equipment, etc. The Accelerator
Project has solved many basic and applied problems in the design of the Cosmotron.
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The life sciences programs, biology and medicine, are progressing. The first
phase of the Biology building program for permanent quarters was completed, and
the building is occupied. The second phase of this building program for additional
permanent facilities to accommodate the staff still housed in temporary structures,
the additional continuing staff, and the on-leave staff will be started this year. The
expanding research program now in progress emphasizes radiation biology and’
tracer studies.

The Medical Department contains the research divisions encompassing the fields
of bacteriology, biochemistry, pathology, and physiology. This staff is the most re-
cent addition to the Laboratory research staff, having been organized in 1949 and not
yet up to full strength. In fact, the Physiology Division is to be activated in the fall
of 1950. The medical research program overlaps the biology program in part, but is
directed specifically toward man. In cooperation with New York hospitals, studies
using selected research patients are in progress. Atomic techniques are applied in
attempts to improve on diagnosis, to effect cures, and to determine an understanding
of certain specific afflictions.

Individual research programs are rounded out by technical conferences on spe-
cific subjects. Experts in the fields are invited as speakers, and interested scien=-
tists from other institutions are welcomed as participants. Seminars in physical and
life sciences are scheduled regularly during the summer months, when a large number
number of the summer visitors are represented on the programs.

The operating expenditures for fiscal year 1950, totaling approximately $7,500,000
are shown in detail in Figure 3. The capital equipment expenditures of $477,664 are
also shown. Figure 4 indicates the relative fractions of the operating expenses by
programs in one case, and by major category in the second case. During the course
of the year, stringent reductions in all Laboratory activities and curtailment of ex-
pansion resulted in a transfer of $1,269,112 from the Operating and Capital Equipment
Budgets to the Facilities Budget for application to the reactor alteration program and
to increased cyclotron costs. An operating budget of $7,863,700 for Laboratory op-
erations and $132,000 for AUI administration and public education (total AUI-BNL,
$7,995,700) has been approved for fiscal year 1951.

At the present time, the Laboratory has contractual arrangements with seven in-
dustrial companies for performance of work necessary to construction, operation, and
maintenance. These contracts are usually let on a lump sum basis after competitive
bidding. Where the work involved is research and development or where personal
services are sought, other criteria of selection are naturally used. These arrange-
ments are normally made on a cost plus fixed fee, or other cost reimbursement
basis. Where the contract is with another nonprofit organization such as a university,
the contract is designed simply to cover all direct and indirect costs of the work.

Six such contracts have been negotiated with northeastern educational institutions.

A second category of contracts includes those designed to assist other institutions
to solve specific scientific problems, in line with the Laboratory's research program.
This type is still small numerically, but is hoped to increase as more and more
major research facilities are completed. The arrangements for these contracts dif-
fer from case to case. In making these arrangements, especially where services of
Laboratory personnel are involved, great care is exercised to avoid conflicts with

work of the Laboratory staff or with the policies of the AEC.




EXPENDITURES - FISCAL 1950
Consultants Materials| Research & Total Direct Capital
Salaries |& Temporary & Development | Special Operating Equipment
& Wages |Appointments|Insurance|Travel | Supplies |Subcontracts| Power {Miscellaneous Costs Expenditures
[+]

Physical Sciences 1,282,683 47,281 56,110 | 67,064 450,377 28,514 62,130 21,411 2,015,570 232,435
Life Sciences 338,388 4,835 14,476 | 13,729 134,473 - - 406 506,307 66,405
Applied Research 111,394 5,955 5,061 6,031 45,808 1,947 - 9,672 185,868 19,665
Radiation Protection . 190,225 490 8,257 3,135 41,979 24,145 - 2,696 270,927 56,364
Supporting Scientific

& Technical Services 921,481 10,945 39,448 | 11,525 280,371 4,805 16,318 2,564 1,287,457 79,088
Security, Police, and

Fire Protection 494,276 - 20,691 152 5,286 - - (101) 520,304 1,142
Miscellaneous

(net of income) - - - - - - - 297,864 297,864 8,295
General & Administrative 2,038,440 4,634 86,028 | 15,947] 163,914 - - (25) 2,308,938 14,270
Laboratory Total 5,376,887 74,140 230,071 |117,583 (1,122,208 59,411 78,448 334,487 7,393,235 477,664
A.U.l., Administration,

and Public Education 11,378 - 470 1,235 5,068 - - 71,000 89,151 -
Grand Total:

A.U.I, and B.N.L. 5,388,265 74,140 230,541 [118,8181,127,276 59,411 78,448 405,487 7,482,386 477,664

Figure 3,
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A constant effort has been maintained by the staff to keep the neighboring com-
munities informed about the general aspects of the research work done at the Labor-
atory. Forty speakers addressed 65 neighborhood organizations during the last year.
In response to a large number of inquiries from all types of organizations, a “Visit=-
ors Day” was held at the Laboratory, at which time approximately 2000 individuals
representing 43 organizations visited the major unclassified installations.




PHYSICAL SCIENCES AND ENGINEERING

Three broad categories of investigation are emphasized in the physical science
program at Brookhaven National Laboratory. These are basic research in chemistry
and physics; applied research in chemistry, metallurgy, and physics; and design and
development of particle sources, including such devices as cyclotrons and nuclear
reactors.

The Chemistry and Physics Departments are each deeply involved in basic
research in nuclear and atomic fields or on problems in which nuclear and atomic
techniques lend themselves to a solution, In many instances, these problems re-
quire the use of high speed particles from such machines as the cyclotron, the
electrostatic generator, or the Cosmotron, or the use of neutrons from a nuclear
reactor. The establishment of the particle accelerators is in the hands of the Ac-
celerator Project, whose chief function at this time is the design and construction
of the Cosmotron, a 2-3 Bev proton accelerator. The Accelerator Project is also
the procurement and operating group for the 60"~cyclotron and the 2-3 Mev elec-
trostatic generator, both of which were purchased from outside contractors.

Although some applied research is done by the Chemistry and Physics Depart-
ments, the chief interest in this work centers in the Reactor Science and Engineering
Department. Their researches in the fields of chemical engineering and metallurgy
are, in general, directed toward those problems connected with the design and use
of reactors, fuels, and fission products, Up to the present, a large portion of their
efforts has been directed toward the completion of the Brookhaven National Labora-
tory reactor which actually became critical on August 22. A few of the researches
are unclassified and are reviewed in this report. However, most of the work of this
Department is reported in the classified progress reports of the Reactor Science and
Engineering Department. ’

In the Electronics Division is centered the design and construction of experi-
mental electronics equipment for all departments of the Laboratory. The Division
yields valuable service in several categories, By careful analysis of commercially
available equipment it can recommend the units most satisfactory for given opera-
tions, Many experiments require new and commercially unavailable equipment.
These are designed, constructed, and developed by this Division. It is also ready to
assist in problems of use and maintenance, The use of electronics equipment is of
Laboratory-wide necessity and is required by the biologist, chemist, and physicist,
as well as the applied scientist,

Since the particle accelerators and the nuclear reactor have not been available
for use by the various departments to date, the general research programs have
been centered around the development of research techniques and the construction
of equipment which will be applicable to use with these machines in the future. Work
has been done and results achieved by undertaking studies requiring similar tech-
niques but not requiring artificial sources, e.g., cosmic ray studies, stable isotope
studies, etc., by the procurement of sources for use at the Laboratory, and by the
use of facilities at other institutions by Laboratory research staff members. Empha-
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sis is no”:being placed on the use of Laboratory facilities. The GE electrostatic
accelerator, although not yet up to its 3.5-Mev specification, is being used in part
for physics research, The 2-Mev electrostatic generator in the Chemistry Depart-
ment is being used for chemical and biological studies which employ its electron or
X-radiation. Both the nuclear reactor and the cyclotron are in the stage of comple~
tion and should be useful in direct research and in the production of sources during
the coming year.

PHYSICS

The staff of the Physics Department now totals 90 persons, a decrease of 5
during the report period, Forty-nine of the staff are scientists, 8 of whom are on
leave from universities, They are supported in their work by 36 technicians., The
additional 5 are administrative and clerical personnel,

The physics research program of the Laboratory places major emphasis on
problems associated with the atomic nucleus. Although the work of the Laboratory
constitutes but a small fraction of the total effort in this field, its contribution will
be especially significant in view of the unique combination of facilities at Brookhaven,
The researches of the Physics Department have, therefore, been planned to use these
facilities effectively in advancing knowledge, specifically in the field of nuclear phys-
ics, and, more generally, throughout the whole field of physics wherever nuclear
techniques are applicable.

Many empirical facts about the nucleus are already known and much progress
has been made in systematizing this knowledge., However, most of the basic prin-
ciples are still lacking for a complete understanding of the complex structure of the
many known species of nuclei which have been produced or occur in nature, and of
the factors which determine their stability and dynamical behavior when excited
with additional energy. The Laboratory’s program includes studies of both the dy-
namical and the stationary properties of nuclei., This program is carried out in the
hope, on the one hand, of developing a more satisfactory understanding of the laws
governing the interactions between neutrons and protons when combined structurally
to form complex nuclei, and, on the other hand, of acquiring additional factual know=-
ledge which will be useful throughout the atomic energy program. Twenty-one of
the scientific staff are working on dynamical properties, 5 on stationary properties.
The program also includes studies of nuclear effects produced by particles accelera-
ted to energies high compared with nuclear binding; these engage 11 of the scientific
staff. These studies may be expected to shed light upon the forces between elemen-
tary particles and upon the nature of the particles themselves., Finally, investiga-
tions are being undertaken by 4 of the scientific staff of other problems in the more
general field of physics, especially those concerned with the solid state, which in-
volve for their prosecution the use of nuclear techniques. In all phases of the pro-
gram, attention is given to theoretical interpretation and the fundamental signifi-
cance of the experimental results, A strong interest in basic theory not directly
related to the experimental program is also developing; both types of theoretical
activity engage 6 of the staff,
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Dynamical Properties of the Nucleus

For studies of the dynamical properties of nuclei, the reactor, the cyclotron,
and the electrostatic generator are used as sources of bombarding particles, while
details of the induced reactions are observed by a variety of techniques. Such ob-
servations include the energies and intensities of emitted and scattered particles,
dependencies upon angle, and the cross sections for the various reactions as func-
tion of the energy of the bombarding particle, In the case of the radioactive nuclei,
studies are made of the emitted radiations from nuclei produced by bombardments
or from those few which occur in nature, The common objective of all studies in
this category is to determine the energy and other characterizing parameters of the
excited levels of the various nuclear species. In analogy with the electronic states
of the atom, a complete characterization of a nuclear level would involve assign-
ments of not only its energy, but also its angular momentum and parity (character-
ization of the symmetry of the wave function).

In the experiments with radioactive nuclei, energy differences are measured
by determining the energy of the quanta of radiation emitted when the nucleus makes
a transition from one level to another. It is necessary to know what transitions oc-
cur in sequence in order to arrive at the energy of any particular level, Likewise,
the change of angular momentum and of parity is related to the probability of the
transition (the sum of the transition probabilities from any level to all lower levels
is the reciprocal of the lifetime in that level). The change of angular momentum is
also equal to that carried away by the radiation, The latter is related to the rela-
tive probabilities for ejecting electrons from the various atomic orbits by so-called
internal conversion. Nuclear levels which have a measurable lifetime, the so-called
isomeric states, assume considerable importance because of the possibility of deter-
mining changes of angular momentum from measured lifetimes and conversion co-
efficients, and of making a complete characterization of those levels. For this rea-
son, a careful survey of the system of elements is being made to discover new iso-
meric states and to determine their lifetimes, their energies, and their relative in-
ternal conversion coefficients.

So much of the earlier work in this field was in the nature of a rough survey
that reported gamma rays are frequently in error and many have not yet been dis-
covered., Furthermore, when one tries to assemble accumulated information in the
form of level diagrams and other tabulation schemes, inconsistencies often require
a search for missing rays or an investigation of suspected errors.

In experimental work at the Laboratory, special attention has been given to the
very soft gamma rays which might have been confused with X-radiation. For these,
a proportional ionization chamber, aided by a series of critical X-ray absorption
filters, has been used to determine the energy of the radiation. Gamma rays of
about 20,000 ev energy were recently found by this method in Sm, Tb, and Pa. High
energy gamma rays of low intensity, easily obscured by large intensities of lower
energy radiation, are detected by the photoneutrons ef'ected from Be or D. With
this method, new gamma rays were discovered in Ag 10, Bi206, prl44, Rul06, ang
Ni%7, Unknown gamma spectra are also explored and the energies accurately mea-
sured by permanent magnet spectrometers, a set of which has been constructed
with overlapping ranges. In these instruments, electrons produced by the gamma
rays within the source by internal conversion are brought to a focus on a photo-
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graphic plate after their orbits have been bent through 180° in the magnetic field,
Energies and relative intensities of the conversion electrons from different atomic
levels are also measured in a magnetic lens spectrometer, or with the use of a
scintillometer, consisting of a scintillating crystal, a photomultiplier, and a pulse
height selector. In sources where many different gamma rays are emitted, scin-
tillometers serving as energy selectors are connected in coincidence, in order to
determine which gamma rays are emitted in the same sequence.

In the measurement of lifetimes, a variety of techniques are employed. In gen-
eral, lifetimes greater than 10-8 sec can be measured; in special cases, still short-
er times have been estimated., If the lifetime is less than several usec, electronic
circuits are used to measure the delay between scintillation pulses or G-M counter
pulses from the first ray, indicating the occupation of the state, and the second ray
emitted in transition to a lower state. For times longer than 1 sec, the lifetime can
be measured by timing the rate of decay of activity with a clock, In the intermed-
iate range of times, few measurements have been made, For this reason, a spinning
disk has been constructed at the Laboratory to transport the activity induced in a
foil by a beam of neutrons from the reactor past a pair of counters. By changing
the distance between the counters, or by changing the speed of the disk, the rate of
change of activity with time of transport will be observed.

Besides the measurements of half-lives and energies, attention is also directed
to the angular and polarization correlations between successively emitted gamma
rays, As an example, one nucleus, Pb204, has been found in which a metastable
state of half-life of 0.3 usec follows a gamma transition from a still higher level,
the latter having a life of 68 min, An asymmetric angular correlation between these
two gamma rays shows that the nucleus can retain memory of its orientation for at
least 1/2 usec, which is a very long time on the nuclear scale, Attempts will soon
be made to observe the precession of the excited nucleus in a magnetic field. This
experiment will provide important confirmation of the spin of this state which now
has been only predicted on the basis of an approximate theory from the half-life,
the internal conversion coefficient, and the ratio of electrons converted in the K
and L shells,

Systematic attempts to interpret nuclear structures as a series of shells of
neutrons and protons have been partially successful in explaining the relative abun-
dance, the neutron capture cross sections, and the angular momenta in the ground
state of the stable nuclei. These theories also predict that no isomeric levels should
occur in nuclei having an odd number of neutrons less than 39. Reported isomerism
in Ti51 (29 neutrons) was, therefore, inconsistent with theory and was thoroughly
investigated, The activity formerly attributed to this isotope was found to be due
to impurities and the theory of shell structure was upheld,

Although none of the techniques described above for gamma ray studies is
unique to the Laboratory, their combination with the reactor and the cyclotron should
result in very substantial progress being made with the problems. Since chemical
separations and source preparations are needed at every step of this type of work,
the nuclear chemists at Brookhaven National Laboratory also play a vital role.

The magnetic lens spectrometer has been used for measurements fundamental
to the theory of beta decay. In the case of the usual “allowed”™ or short-lived beta
emitters, the distribution in energy of the beta rays is well explained by the theory.,
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However, no adequate test had ever been made of corresponding theories of the
very few long-lived or “forbidden” emitters. Recent measurements at the Labora-
tory of the beta spectra of two of these -- Bel0, which seems to be “second forbid-
* and K40, which is probably "third forbidden® -~ have provided important con-
firmation of those theories.

den,

As an example of another type of study with the magnetic lens, a gamma ray of
803 kev has been found to accompany the alpha particle disintegration of Po2l0,
These gamma rays are only weakly excited to about 1 in 105 alpha rays, and the
other levels of the product nucleus Pb206, which are known from studies of K-cap-
ture in Bi206, are not excited at all, The rules governing the excitation of levels
by particle emission are the subject of interest in this and in other parts of the
program,

Two magnetic lenses, referred to above, have been built at the Laboratory for
the study of nuclear gamma and beta rays. Thus far, they have been used in a tem-
porary laboratory, but one is now being installed at the electrostatic generator and
the other in the reactor building. The first will be used for studying gamma rays
from levels excited by charged particle bombardment, while the second will analyze
the beta and gamma radiation of short-lived isotopes, or the gamma rays resulting
when a nucleus captures a neutron. Since the latter spectra range up to many mill-
ion ev and can only be measured through the mechanism of electron-positron pair
production, the lens at the reactor will be adapted for use as a pair spectrometer
by a new method suggested by Siegbahn and Johannson,

Another attack on the problem of determining the energy levels excited by par-
ticle bombardment is to measure the energies of inelastically scattered protons or
deuterons, For this work, a magnetically focused spectrometer for heavy particles
has been constructed and installed in front of the electrostatic generator. This in-
strument, which is unique in design, will enable one to determine the energy lost to
the excited nucleus as well as the dependence of such energy losses on the angle
through which the particle is scattered. When analyzed, the data will determine the
spin of the excited state, as well as its energy.

Another instrument, nearly completed, for studying energy levels excited by
particle bombardment, consists of a row of 10 small counters located within the
same gas-filled envelope and connected in a circuit which records separately the
number of particles stopping in each counter. Thus, the instrument makes a simul-
taneous record of the particles whose ranges fall into 10 different intervals. It will
be used for analysis of inelastically scattered protons, deuterons, and alpha parti-
cles, and for determining the energies of particles emitted during reactions.

During the report period, the electrostatic generator has been completed to the
point where it can be used for experiments at voltages up to 2.5 million. The first
use has been to check the voltage calibration against the resonance for radiative
capture of protons by Al and against the proton threshold energy for neutron emis-
sion from Li,

Investigations using the facilities of other laboratories are in progress. The
betatron at the Picatinny Arsenal has been used as a source of 20-Mev X-rays for
studies of the angular distribution of photoprotons and photoneutrons. The inter-
action of radiation with the nucleus, involved in these experiments, is, in a sense,
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the inverse of gamma ray emission, and the
results have an intimate connection with the
gamma ray studies already described. Al-
though no very definite conclusions can be
drawn until both theoretical and experimental
studies have been carried further, the experi-
ments are the first to show a nonuniform dis-
tribution of both protons and neutrons ejected
at high energy. The distribution is consistent
with the direct photoemission resulting from
the interaction between the radiation and an
electric dipole. Low energy particles are also
emitted, but these come off uniformly in all
directions as though by evaporation.

In another experiment, the Van de Graaff
accelerator at the Department of Terrestrial
Magnetism of the Carnegie Institution of Wash-
ington has been used to measure the angular
distribution and differential cross sections for
the scattering of 5-Mev neutrons in deuterium,
This experiment, which is the forerunner of
other work planned in this field, has shown that
a thorough experimental investigation of this
scattering will be necessary, since the results
at 5 Mev are not in accord with present theo=-
retical predictions. Both the theoretical and
the experimental work on this problem will be
pushed, and a comprehensive program is en-
visaged to study both elastic and inelastic col-
lisions of protons and neutrons at all energies
with the isotopes of H and He.

Through the use of various targets, the
electrostatic generator can produce neutrons
of several energies, the highest being 18 Mev
from a tritium target. It is perhaps worthy of
note that a tritiumtarget has alreadybeen used;
a system for monitoring the alpha particles re-
sulting from the D,T reactionhas beenconstruc-
ted and will be used to determine the absolute
yield of neutrons, there being one neutron for
each alpha particle,

For one phase of the neutron scattering
problem, a large cloud chamber is filled with
Hor D, and the angles andranges of the protons
or deuterons are observed when neutrons of
various energies are passed through the cham-
ber. This chamber is now in operation; meth-
ods for analysis of the tracks have been
developed.
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Figure 1 (Above). Photographs taken
in two cloud chambers, with an inter-
mediate field showing a 2~-Bev parti-~
cle of the cosmic radiation deflected
in the field and then reacting to dis-
rupt a lead nucleus in the lower cham-
ber. Note that the particle is un-
deflected in the first 5-cm thick
lead plate.
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Neutron Interactions

Although reactors have been operating for a number of years, there is still
much to be learned about the interaction between neutrons and matter, The magni- N
tude of this interaction varies with the energy of the neutron and is different in dif-
ferent materials,

Three types of interaction can be distinguished: (1) A neutron may be captured
by a nucleus, producing a new isotope which may be either stable or radioactive. In
this case, the binding energy of the neutron in the new nucleus and its initial kinetic
energy are given off as gamma radiation, or, if a particle is emitted, the energy
may be balanced without gamma radiation. (2) In another type of interaction, the
neutron may excite the nucleus, thus losing energy, but escape without being cap-
tured. In this category are included scatterings in which the neutron flips its spin
axis, (3) Again, the neutron may make an elastic collision with an atom or a group
of atoms, even an entire crystal or a large mirror. In this case, it loses only the
energy required to conserve the momentum of the center of gravity of the interacting
system. Such losses may or may not excite the lattice vibrations of the crystal.
Interactions of the first two types are essentially nuclear in character, The third
type, if collision is with the crystal as a whole, results in the coherent scattering
of the de Broglie waves of the neutron and may be partly nuclear and partly depend-
ent upon molecular constitution and arrangement of the atoms; such interactions may
contain a component attributable to the force between the magnetic moment of the
neutron and the magnetic field of the material or one associated with forces bletween
neutrons and electrons, The major part of this interaction however, is nuclear.

All of these interactions are being studied at the Laboratory, although many of
the experiments done during this report period have been carried on with the use of
the reactors at Argonne National Laboratory or Oak Ridge National Laboratory.

In collaboration with Argonne National Laboratory, the magnetic interaction
between neutrons and the field inside of ferromagnetic materials has been studied
using magnetized mirrors. The coherent scattering either increases or decreases
the index of refraction of the material for the neutron waves from its value of unity
in the surrounding air; if it is less than unity, there will be a critical reflection close
to grazing, below which the neutrons are totally reflected, just as light is totally re-
flected inside a glass prism. The critical angle depends upon the orientation of the
neutron with respect to the direction of magnetization. By a proper choice of angle,
neutrons of one orientation (or state of polarization) may be totally reflected, while
those of opposite polarization pass through the mirror. Experiments on this effect
have already revealed several important facts: (1) From a mirror of magnetized ‘
cobalt, one can reflect a beam of 100% polarized neutrons. (2) The magnetic inter-
action effective in coherent scattering of neutrons is equal to the product of the mag-~
netic moment of the neutron and the magnetic induction B (not the magnetizing force
H or something between B and H), (3) The reflected neutron waves are formed
by coherent superposition (in the sense of the Huygens theory of diffraction) of wave-
lets from areas of the surface which are large compared with the domain size. In ~
continuation of this work at the Brookhaven National Laboratory reactor, new mirrors
are being prepared and magnets are being constructed. The technique seems to have
potentialities for studies of the nature of ferromagnetism, and it may have useful »
applications in metallurgy.
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One of the most significant results obtained with the mirror technique was the
measurement carried out, in collaboration with Argonne National Laboratory, of the
coherent scattering cross section of the proton. In this work, the undisturbed sur-
face of a liquid hydrocarbon was used and the reflection of neutrons from the sur-
face was studied as the composition (ratio of carbon to hydrogen) was varied, Since
C tends to increase the index of refraction, while H decreases it, a mixture was
found in which the index was exactly unity and there was no reflection at any angle.
The scattering cross sections for H and C were then in the inverse ratio of the
concentrations, and, since the cross section for C was already known, that for H
was determined.

There has long been an interest in a possible interaction between electrons and
neutrons., If nuclear forces are due to the exchange between nucleons of charged
mesons, then a neutron must be thought of as continually emitting and absorbing
virtual mesons which might result in the mean square of its charge differing from
zero. The best chance of detecting such an effect would seem to be in the coherent
cross section of atoms containing, on the one hand, a great many electrons and, on
the other, a nucleus having a small and accurately measured cross section, Since
the most promising substance is Bi209, work has been started to prepare bismuth
mirrors and to measure accurately the nuclear cross section of this material., Pre-
liminary results indicate a difference of a factor of 2 between the total cross section
for absorption of pile neutrons and the cross section for the capture process result-
ing in Bi210, There is indication that Bi210 neutron capture sometimes results in
a long-lived alpha-emitting isomer of Bi2l0 but further study will be required to
resolve the discrepancy.

An illuminating clue to the structure of nuclei is obtained from a systematic
study of the cross sections for capture of fast neutrons by all of the various stable
nuclei, Such a study may also have cosmological significance, since it is generally
assumed that the elements were formed in their creation by a sequence of fast neu-
tron captures. In order to understand the relation of these cross sections to the
nuclear structure, it is necessary to realize that a nucleus has a series of virtual
excited levels in which the energy exceeds the binding energy of the last neutron.

If a fast neutron is to be captured, it must possess the energy and angular momen-
tum appropriate to one of these levels. If it does conform to such a level, a gamma
ray will be emitted and the neutron will fall into the nucleus. The probability for
capture is therefore proportional to the level density in the region of the energy of
excitation (equal to the sum of the energy of the incoming neutron and the binding
energy of the last neutron in the ground state). It is also true that the level density
increases with the energy of excitation, Nuclei which are made up of closed shells
may be supposed to bind the next added neutron with less than average energy, and
in these nuclei the capture probability should be low. Extensive work by Hughes and
collaborators at Argonne National Laboratory have shown that “magic number® nuclei
containing 50, 82, or 126 neutrons have, in fact, low cross sections for capture of
unmoderated fission neutrons, as compared with normal nuclei whose neutron num-
bers differ considerably from the “magic numbers,”

This work is now being extended at the Laboratory to other nuclei -- both nor-
mal and those near to the “magic numbers.” A new and more intense source of fast
neutrons is being prepared for the BNL reactor, and some new counting techniques
have been developed which will make it possible to measure low activities associated
with low capture cross sections and long half-lives. One result from recent work,
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for which irradiations were made at Argonne National Laboratory, is evidence found
in Rul02 that a closed shell is formed at 58 neutrons. '

In their reflection and scattering from material objects, neutron beams are
treated by the methods of classical optics and many of the familiar experiments with
light have their neutron analogs. Although experiments of this kind with neutrons
are not expected to settle any basic problems, they may result in useful techniques
for determining neutron optical properties of matter. For example, recent work
done by Laboratory personnel, and utilizing the Oak Ridge reactor, has resulted
in a very simple method of determining whether the nuclear interaction in a mater-
ial results in an increase or a decrease of the phase velocity of the de Broglie waves
of the neutrons (whether the index of refraction of the material is less or greater
than unity). In this work, the material is in the form of a fine powder; it is placed
in a finely collimated neutron beam and the broadening of the beam due to scattering
at small angles is observed., This scattering is the result of refraction of the de
Broglie waves of the neutron as they enter and leave the powder granules. The
breadth of the beam is measured with the dry powder and again with a paste made
by wetting the powder with carbon bisulfide, The carbon bisulfide has an index of
refraction less than unity, and if that of the powdered material is alsp less than
unity the beam will be less scattered in the paste than in the dry state. A few sub-
stances are found to have indices greater than unity; for those, the scattering is
greater in the paste,

In connection with the preceding work, the theory of small angle scattering in
finely divided powders has been reviewed and generalized, Previous treatments
were based upon 2 extreme assumptions -~ one valid for very fine granules and the
other for coarse granules. The new theoretical treatment is valid throughout the
range of particle size,

In another experiment, the reflection of neutrons from a liquid surface has been
used to measure the index of refraction of compressed gases, The liquid is contained
in a tray which is placed inside a cylinder containing the gas at high pressure, and
the intensity of the reflected neutron beam is measured as a function of the gas pres-
sure, The reflection from the surface depends upon the relative index of refraction
which may be either increased or decreased by raising the gas pressure, depending
upon the nature of the gas and of the liquid. A decreasing relative index with rising
gas pressure has been found for He, A, O, and N, when reflected from ethylene gly-
col and from triethylene glycol.

Another experiment, with neutrons reflected from a cadmium mirror, has shown
evidence for a rapid variation of the index of refraction with neutron wave length in
the vicinity of the well-known cadmium resonance at 0.7 A, an effect analogous to the
anomolous dispersion of light near absorption resonances.

Inelastic Scattering from Crystals

When neutrons are scattered inelastically from a crystal, energy is transferred
between the neutrons and the various modes of vibration of the lattice. The proba-
bility of an energy exchange dE can be represented to first approximation as the
number of modes of vibration of the crystal lattice which require the energy incre-
ment dE for their excitation times the cross section for an inelastic scattering
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process in which a single quantum of energy is exchanged between the neutron and
a lattice vibration. In a theoretical study, the cross sections are being calculated
so that a measurement of the spectrum of neutron energy losses could determine
the distribution in energy of the lattice vibrations.

The cross sections of nuclei for neutron interactions as a function of the neu-
tron energy are basic facts of nature which are useful in planning experiments and
in designing reactors and shields, They also reveal the positions and characteris-
tics of some of the highly excited levels of the nucleus and are of interest in con-
nection with theories of nuclear structure, Several methods have been developed
for making monoenergetic beams of neutrons which can be used for cross section
studies, Some of these methods are being adopted with improvements at the Labor-
atory. In the low energy range, a crystal reflects strongly only the neutrons whose
wave length (energy) satisfies the Bragg condition for constructive interference.
Previously, nonmetallic crystals had been used for producing monoenergetic neutron
beams from a reactor. However, it now appears, from work in which the Oak Ridge
reactor was used, that metal crystals, for example, lead and nickel, can give more
intense monoenergetic beams, Based on these findings, a new crystal spectrometer
for neutrons is being designed for the BNL reactor, ‘

Also for low energy work, a mechanical shutter employing cadmium vanes has
been constructed, With this shutter, short pulses of neutrons are allowed to pass
along the beam toward the detector. The energy of the neutrons is determined from
the flight time between the shutter and the detector. This instrument has been con-
structed and put in final adjustment for experiments.

In the intermediate energy range, up to 100,000 v, 2 techniques will be used.
The cyclotron will be used as a pulsed source of neutrons and the flight time to the
detector will be measured by electronic circuits. These circuits have been con-
structed with help from Columbia University and are now installed in the cyclotron
laboratory., Measurements can begin about two weeks after the cyclotron is in op~
eration. Also, for the intermediate range of neutron energies, a fast mechanical
shutter is under design in which the beam is transmitted in pulses of 1 usec dura-
tion by a rotating slit system of hydrogenous material, This shutter is intended to
operate in a neutron beam from the reactor, and will have two advantages over the
cyclotron system just described, First, it will use only one of the many holes from
the reactor and, hence, will not monopolize a major research facility. Second, it
will allow the use of very small quantities of the material whose absorption or scat-
tering cross section is being measured, so that separated isotopes or other rare
materials can be analyzed.,

Many nuclei exhibit strong resonances at certain neutron energies where the
scattering or absorption cross section increases to many times the normal value,
The spread in energy of such a resonance is closely related to the stability of the
corresponding excited level, and is a measure of an important dynamical property
of the nucleus. In a program utilizing a beam from the reactor, measurements of
resonance widths will soon be started with an apparatus which has just been com-
pleted, This apparatus has been described in previous reports where it has been
referred to as a rotating foil holder,
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Stationary Properties of the Nucleus

In this section are included studies of nuclear masses and nuclear moments,
Although neither the mass nor the moment of a nucleus is a stationary property
in the sense of being unchangeable, the techniques employed lend themselves more
readily to the measurement of the masses and moments of the stable isotopes or
of the very long-lived radioactive species. The process of measurement does not
depend upon a change occurring in the state of the nucleus.,

The mass of a nucleus is fundamentally significant because from it one can
determine the energy with which the nucleons are bound together, This is a quan-
tity which hopefully should be calculable from any satisfactory theory of nuclear
structure. The mass of a nucleus can be determined from the inertia of a free ion
in a deflecting field; mass differences between adjacent or nearly adjacent isotopes
can be determined in many cases from the energy given off or absorbed in nuclear
transmutations. The presently attainable accuracy in energy measurements is in
the order of 10 kev, or 1 part in 100,000 of the proton mass, Comparable accuracy
in mass measurement by the inertia method has already been achieved in the light
elements, and a careful study is being made of the consistency of measured masses
with reaction energies, If a reaction leaves a nucleus in an excited state of long
life, this fact shows up as a discrepancy between the reaction energy and the mass
difference. In the heavy elements, the inaccuracies of present inertia methods do
not permit useful comparisons and there is need for improvements in technique.

In view of the great advances made during the last war with electronic timing
methods, improved accuracy in mass determination might be achieved if the time
of flight of a pulse of ions were measured during a certain number of completed
loops of a helical path in a uniform magnetic field. A preliminary experimental
test of this method has been made at the Laboratory in an instrument known as the
“Chronotron;” it does, indeed, show considerable promise, although some minor
difficulties have been met because of disturbances produced by electric fields set
up by surface contaminations., However, these difficulties can be minimized by
cleaning the walls of the apparatus very carefully. In order to realize ultimate
precision, the timing technique developed for Loran navigation systems is to be
used,

Another embodiment of the time-of-flight principle is known as the “mass syn-
chrometer.” Here, the ion orbits are confined to a plane circular orbit in a uni-
form field between the poles of an iron magnet. In this instrument, 2 electric pulses
are generated between a pair of grids, the first forming an ion pulse of the correct
velocity from a continuous stream of faster ions from a source, and the second,
which occurs after the ions have completed a certain number of revolutions in the
magnetic field, deflects the ions into the detector. The value of the time interval
between pulses, when adjusted for maximum current to the detector, is proportional
to the mass, Both of these instruments are being tried at the Laboratory, and it has
become clear that the principle of time measurement as compared with deflection
measurement has some advantageous features,

Another very accurate method of comparing the masses of the various isotopes
of an element is to measure the rotational frequencies of isotopic molecules by their
absorption of radiation in the radio-frequency band. The frequencies at which ab-
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sorption occurs depend upon the moments of inertia of the molecules. In the case
of molecules containing different isotopes, the relative masses of the isotopes can
be evaluated. A new microwave spectrometer, which allows the absorption frequen-
cies to be determined to one part in a million, has been completed. In view of the
very small quantities of material required in this method, it will be possible to
measure masses of some of the longer-lived radioactive isotopes produced in the
reactor. Four isotopes of sulfur, including radioactive $35, are being measured by
this method in the molecule COS; the values should be accurate to about one thirty-
thousandth of the proton mass.

Other stationary properties of nuclei within reach of experimental measure-
ments are the moment of momentum, or spin, the magnetic dipole moment, and the
electric quadrupole moment, These quantities, when measured, may be compared
with values predicted by the various nuclear models based upon shell structure,
Techniques for the measurement of all these quantities are employed at the Labora-
tory. Attention is directed especially to radioactive isotopes or to isotopes more
readily available to the Laboratory because of its relations with the AEC., Among
the recent accomplishments, some of which have already been reported, are meas-
urements of the spin and electric quadrupole moment of the radioactive isotope S35,
and of the ggromagnetic ratio (from which the magnetic moment was derived) of
Sb121, sbl , and V51, The current investigations are described in the following
paragraphs,

From the point of view of recent theories of nuclear shell structure, the nucleus
S35 lacks one neutron to complete a theoretical shell of 20, and may, therefore, be
expected to conform closely with a simple “one particle” model of the nucleus. A
measurement of the magnetic moment of this nucleus is therefore of additional spec-
ial interest. In carrying out this measurement, further refinements have been made
in the techniques previously used in the spin determination, mentioned above, to
concentrate the molecule COS35, Apparatus is being prepared for measuring the
fine structure of the rotational molecular absorption spectrum due to the interaction
of the nuclear magnetic moment with an external magnetic field. This apparatus
will employ a radio-frequency modulated component of the external field to facili-
tate the amplification of the microwave absorption frequencies, rather than the Stark
modulation, previously used, which, although providing better sensitivity, introduces
a complicated and irrelevant fine structure of its own.

In order to determine the spins and electric quadrupole moments of certain
nuclei which cannot be placed in suitable gaseous molecules for study of the micro-
wave absorption, a new method is being developed in collaboration with Iowa State
University involving the use of a crystal, which may be as small as one cubic mm,
or a salt containing a paramagnetic ion of the nucleus in question. The crystal is
placed in a suitably tuned cavity between the poles of a magnet. The absorption of
radiation in the cavity is measured as the magnetic field is varied. In this case,
the frequency at which absorption occurs is determined primarily by the interaction
between the magnetic moment of the electronic configuration of the ion and the ap-
plied magnetic field, but the absorption at this frequency is expected to show a pat-
tern of fine structure due to interactions between the nuclear moments and the elec-
tromagnetic field of the crystal. These include the interaction of the electric quadru-
pole moment of the nucleus with the gradient of the electric field of the crystal lat-
tice, and the interaction between the magnetic moment of the nucleus and the mag-
netic field of the crystal, Also, there will be a superposed structure due to the Stark
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effect associated with the electric interaction between the electronic structure of
the ion and the electric field of the crystal., Although the resulting pattern of ab-
sorption frequencies is expected to be complex, it may be possible to resolve and
interpret the various components. In a preliminary exploration of the method, a
broad and unresolved resonance has been found in powdered crystals of Gd03,

but no absorption has been found in Er;03 nor in PrF3. A small single crystal

of (Gd),(SO4)38H0 also gave a broad unresolved absorption, and there is hope that
a reduction of the temperature of the sample to that of liquid He or a dilution of the
paramagnetic ion in a diamagnetic lattice may result in a resolvable structure.
Work along these lines is being continued.

The nuclear magnetic resonance at radio-frequencies measures the interaction
between the magnetic moment of the nucleus and an externally applied magnetic
field. Absorption of the radiation occurs at the frequency of the precession of the
nucleus induced through this interaction; this frequency is proportional to the ratio
of the magnetic to the mechanical moment, or the gyromagnetic ratio of the nucleus.
To find these absorption frequencies, the material is placed in a coil excited at
radio-frequency in a constant magnetic field. The resistance of the radio-frequency
circuit then measures the absorption of power in the material. Besides the reson-
ances in V and Sb already reported, searches for resonances of this type have re-
cently been made in Rh, As, and Bi. A new apparatus, specially designed, with a
permanent magnet for searching resonances is being constructed. With it, other
naturally occurring isotopes which have not yet been studied will be searched, and
when resonances are found the gyromagnetic ratios will be determined, If the spin
is also known the data lead to the value of the magnetic moment.

Effects of High Energy Particles

When protons or neutrons collide with nuclei at energies in excess of a few
hundred million electron volts, a variety of new particles called mesons is created.
These include both positively and negatively charged 7-mesons with a mass of about
300 electrons and a mean life of the order of 10~° sec, neutral mesons of about the
same mass but a shorter mean life, and possibly other heavier particles. Mesons
may be created singly or several of each type may be produced in a single collision.
In addition, the m-mesons decay in the formation of charged u-mesons with a mass
of about 200 electrons and a life of about 1 usec, At the Laboratory, principal in-
terest in the study of these effects centers upon the mechanics of meson production
and upon the properties of the mesons themselves. Preliminary to the operation of
the Cosmotron, these studies are making use of the cosmic radiation. The observa-
tions are made by 3 different methods: the examination of tracks produced in special
photographic emulsions, the counting of variously selected events with arrangements
of G-M counters and pulse ionization chambers, and photographs obtained with cloud
chambers. The emulsions have been exposed to primary cosmic rays at the top of
the atmosphere through the use of balloons. The G-M counter work has been done
at sea level, on a mountain, and in a B-29 airplane, and cloud chambers are being
operated at sea level and on a mountain,

The work with photographic emulsions has been directed toward a study of the
dependence on primary energy of the nuclear cross sections for proton-produced
disruptions of various complexities, and for meson production in various multiplici-
ties. The primary proton energy has been varied in this work by exposing the emul-
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Figure 2. Disruption and meson production in a heavy nucleus found in an emulsion flown to
90,000 feet above the Caribbean Sea. Over 60 emitted particles were observed. 31 relativistic
particles are in the 80 cone. The particle initiating the event is believed to be either a fast
neutron or, possibly, a relativistic alpha particle making the track nearly vertical above the
cone. The energy released is estimated to be of the order of 100 Bev.

sions at different latitudes. With regard to the disruption of nuclei into protons and
heavier particles, the number of such events in all degrees of complexity was found
to be just proportional to the total flux of incoming cosmic ray protons. The meas-
urements of the cross sections are not significantly different for the regions of the
cosmic ray spectrum above 2 Bev and for the region above 8 Bev, and in all energy
ranges the total cross section for disruption is about equal to the projected area

of the nucleus, or to the geometrical cross section,

Mesons produced in nuclei by incident protons have been distinguished by their
lightly developed tracks in the emulsion. The experiments have led to the theoreti-
cally significant result that in a single nucleon-nucleon collision where the energy
is in the range 2 to 8 Bev, usually only a single meson is produced. Protons can
produce several mesons from the same nucleus, but they do this by colliding with
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several nucleons, not by making several mesons in a collision with a single nucleon.
Multiple production of mesons in single nucleon-nucleon encounters may also occur
at very much higher energies than those which can be distinguished in the latitude
effect. These conclusions are strongly supported by the experimental results, which
show a higher meson multiplicity and a wider angular distribution of the mesons
from encounters with heavy nuclei, where multiple collisions are more probable,
than from encounters with light nuclei. Also, there is evidence that the number of
mesons produced by this process in the heavy nuclei increases with the energy of
the incident proton, whereas no such increase is observed in collisions with light
nuclei, This result suggests that an incoming proton of less than 8 Bev can spend
most of its energy within a single heavy nucleus, depleting its power to produce
mesons, but in a light nucleus it will escape before its meson productivity has been
completely exhausted. In comparing observed meson multiplicities with the meson
intensity measured in the lower atmosphere, it appears that the average number of
mesons produced in the first encounters of primary protons with nuclei is insuffi-
cient to account for all of the mesons observed in the atmosphere if data on the
primary cosmic ray intensity are accurate, It is possible that some mesons are
produced in cascade at a lower level in the atmosphere by mesons or protons which
have emerged from a nuclear disruption at a higher level. Evidence for meson cas-
cades at high energy is cited later in this report. Plans have been made to extend
these experiments to.considerably higher energies, possibly to 30 Bev, through the
use of oriented emulsions to be flown by balloons at the equator. An orienting de-
vice has been developed for this purpose; it is hoped that the cooperation of the

U.S. Navy can be enlisted to make the flights., Exposures made in this way would
provide data needed to firmly establish the conclusions already drawn, and might
indicate at what energies single nucleon-nucleon collisions begin to produce mesons
in multiple. Other investigations in progress include a study of nuclear disruptions
produced when material is placed above the emulsions. Here, there is evidence that
mesons produced in the material can also produce disruptions in the emulsions and
a measurement of the nuclear cross sections for these events is of interest.

Because of the unique properties of emulsions as a research tool for use with
the Cosmotron, as well as with cosmic rays, several new developments are in pro-
gress, In order to be able to identify particles by their scattering in the emulsion,
distortions in the emulsion itself are being reduced and microscopes are being
better adapted to the measurement of such scattering., Special emulsions are being
made with which to better identify the nucleus which undergoes disruption, and a
magnet is being designed with which to determine whether the mesons are positive
or negative,

Experiments with G-M counters and pulse ionization chambers have been used,
both to study the intensity of the nucleonic component (includes both protons and
neutrons of high energy) of the cosmic radiation in its variation with latitude and
depth in the atmosphere, and also to study the details of meson production and be-
havior with respect to nuclear interactions.

In the first category, 2 researches, referred to in earlier reports, have been
finally analyzed during this period and reported for publication. In both of these
experiments, the apparatus was able to distinguish showers of particles of the type
which results when a high energy neutron or proton makes a nuclear encounter.
These events then served as a measure of the intensity of the high energy nucleonic
component. In both experiments, the apparatus was carried in a B-29 airplane to
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various altitudes at the latitudes of Rome, N.Y. and of the Canal Zone, In both in-~
stances, the radiation recorded by the apparatus was absorbed exponentially in the
atmosphere at a ratée indicating that the incoming nucleons are being stopped by
collisions with particles of the dimensions of air nuclei, The latitude effect indi-
cated that the detected events were produced by primary rays of average energy in
the range of 20-30 Bev.

Making use of similar detecting apparatus at the BNL mountain station in Ber-
thoud Pass, Colorado, the interaction of these very high energy nucleons are being
studied in greater detail. One experiment measures the variation with altitude of
primary rays which produce showers of different penetrating power. Energetic
particles which may be presumed to produce the more penetrating showers might
include a large fraction of m-mesons and have a longer free path, if previous indi-
cations are reliable, On the other hand, one might find a reduction in free path with
increasing proton energy because of a dependence of cross section on energy. This
experiment has not yet shown a statistically significant correlation between the free
path of the incoming particle and penetration of the shower particles.

In another experiment, the free path for absorption of m-mesons produced in
penetrating showers is being studied. Work reported a year ago indicated that 7-
mesons have a sormewhat weaker interaction with nuclei than do protons, and the
present work is intended to provide further evidence of the strength of that inter-
action. The same experiment is also giving information on the composition of the
large air showers, usually thought to comprise electron-photon cascades. However,
this work has revealed the presence in these showers of a nucleonic component,
whose density at distances from the center is nearly proportional to the electron
density over the range from 1 to more than 100 particles/mz. Evidently, nucleonic
cascades are produced along with the electron-photon cascades by the very energetic
primary protons.

Further data on the cross section for nuclear interaction of m-mesons and pu-
mesons are being sought in experiments now going on at the mountain station, using
cloud chamber techniques. The purpose of this experiment is to study the scatter-
ing of mesons by nuclei and to distinguish between the scattering cross sections for
the two kinds of mesons. The rays pass in succession through a cloud chamber, a
magnetic field (produced by a permanent magnet), and then a second cloud chamber
where change of direction due to magnetic deflection determines sign of charge and
energy of the ray. In the second chamber, the angle of scattering in a 5-cm block of
lead is also measured. Negative mesons can be distinguished from protons by their
deflections in the magnet. The two kinds of mesons can be distinguished from each
other by the use of penetrating shower detectors or by placing different amounts of
absorbing material above the apparatus, The design and construction of the appara-
tus for this experiment has taken nearly 2 years, and several developments of gen-
eral interest have evolved, Among these are a new fast operating release valve for
the cloud chambers and the clarification of general principles of the design of per-
manent magnets,

The large high pressure cloud chamber, referred to in previous reports, will
soon be ready to make photographs of cosmic ray induced nuclear disruptions and
of mesons in the cosmic radiation. This chamber has already been operated satis-
factorily with fillings of A and He at 300 atmospheres pressure. The time between
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photographs has been substantially reduced, with corresponding increase in yield
of data, by overcompressing the chamber after each expansion. The preliminary
operation of the chamber has shown the necessity of extreme precautions in keep-
ing a constant temperature throughout the chamber, Consequently, an oil circula-
tion system is being installed; and metallic rings in the chamber, where induced
currents produced by the pulsed magnetic field would cause undesirable heating,
are being replaced by plastic ones.

The Diesel power plant and coil assembly have already been in operation for
calibration tests, and an average pulsed field of 36,000 gauss has been produced
over the volume occupied by the cloud chamber (16" in diameter and 6" deep), the
peak power being 2200 kw, For counter-controlled operation, a single generator,
operating at 250 kw, produces a steady average field of 21,000 gauss. For the lat-
ter condition, a set of neutron and G-M counters has been designed which will trig-
ger the chamber when nuclear disruptions occur in the vicinity. According to tests
simulating the actual conditions, about one in five of these will occur in the gas of
the cloud chamber where it can be seen in all detail. With this arrangement, the
number of interesting events occurring in the counter-controlled photographs should
be several times those observed in pictures taken at random.

Applications of Nuclear Techniques

These studies have included the use of radioactive tracers. In a study of sur-
face self-diffusion, less than a monatomic layer of silver containing the radioactive
isotope Ag“o has been evaporated through a mask upon a polycrystalline silver
plate. The migration of the active deposit after heat treatment is measured by a
scanning device which utilizes a G-M counter for detection. U preliminary indica-
tions are correct, the surface diffusion proceeds at a higher rate than volume diffu-
sion, The studies should permit determination of the energy required for disloca-
tion of a surface atom, and of the mobility of such dislocated atoms.

In another use of radioactive tracers, a method is being developed for a study
of surface wear. In this case, a layer about .0002" thick on the steel surface is
made uniformly radioactive, without altering its metallurgical properties, by im-
pregnation with fission fragments from an overlaid uranium foil irradiated by neu-
trons. The extent of wear of such a surface can then be determined from the acti-
vity measured by a beta-ray counter. Preliminary trials show that the method
works as predicted, and satisfactory activation can be made by twelve hour expos-
ures to 1 gm of Ra-Be, Activities induced in the steel itself are not troublesome.

Theoretical Topics

Major interest has been devoted to field theories. At the present time, there
exists no comprehensive theory of nuclear forces, and the generally agreed upon
requirement that a theory of nuclear forces must satisfy conditions of relativistic
invariance has thus far been met only by field theories of nuclear forces. However,
field theories are infected with numerous difficulties., These difficulties have taken
the form of infinite self energies, vacuum polarization, etc. By means of a new
mathematical technique, the earlier infinite results have been replaced by finite
but ambiguous results. The extent of this ambiguity is indicated by the fact that the
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vacuum polarizability can be given arbitrary covariant values,

The use of this mathematical technique clearly requires the introduction of
additional principles or conditions to remove the ambiguities. One of the principles
which must be introduced is that the results must be consistent with the require-
ments of relativity. This requirement has been shown not to be sufficient to remove
the ambiguities. Additional requirements have been suggested and are being tested
to see if they do, in fact, clarify the uncertainties.

In a study of the statistics of the scattering of charged particles in cloud cham-
bers or in emulsions, formulas have been derived for the probability of scattering
induced curvatures of various magnitudes.

Another study, in collaboration with the Biology Department, analyzes the dos-
age of radiation received by a small biological organ from radioactive material
uniformly distributed within it. The theory takes account of the escape of radiation
from the organ and enables the biologist to compute dosage for all kinds of radia-
tion and for a variety of shapes and sizes of the organ,

In another theoretical study, of interest in connection with radiation from the
Cosmotron and the cosmic radiation, the diffusion equations of the cascade shower
theory have been solved more rigorously than heretofore; the results are presented
in tabular form, and give the intensities of electrons and photons as function of depth
in various materials,

B-29 Airplane Flights

The Physics Department has continued to provide liaison between the U.S. Air
Force and the scientists of the northeast in conducting high-altitude researches
with a B-29 airplane, During this report period, the plane assigned to this duty had
completed 22 hours of flying at altitude from the base at Rome, New York. Cosmic-
ray experiments were carried for the Laboratory and for Yale University, Begin-
ning with June 30, 1950, flights on similar duty from Inyokern, California, under
the auspices of the Office of Naval Research, will be discontinued, Future flights
of this character will be made from Rome. Researches on various aspects of cos-
mic-ray phenomena, now scheduled for flight, will be conducted by scientists from
Yale University, Bartol Research Foundation, New York University, and Brookhaven
National Laboratory.

Compilations

With the rapid accumulation of nuclear data in the form of isolated reports
from many research groups, systematic compilations of results at frequent inter-
vals are useful in defining unexplored areas for future programs, and they some-
times reveal inconsistencies requiring more detailed study. Such compilations also
are helpful to the theorist who is attempting to formulate general principles of
nuclear structure. During this report period, 3 compilations have been completed
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by the Physics Department, and are scheduled for publication in Reviews of Modern

Physics.,

The first of these, done in collaboration with the University of Wisconsin, is
a revised summary of neutron cross sections, The compilation gives, in chart
form, the neutron cross sections of 60 elements as function of neutron energy, and
includes all unclassified data available as of May, 1950, It is scheduled for publi-
cation in Reviews of Modern Physics, July 1, 1950,

A second compilation, done in collaboration with California Institute of Tech-
nology and Cornell University, summarizes the literature on the excited states of
light nuclei. It brings this subject up to date as of June, 1950, and includes all
available data for the elements H to Ne, This compilation is in the form of an an-
notated bibliography, with diagrams showing energy levels and the various reac-
tions involved in their excitation and decay. A table containing best values of the
radioactive constants is also included, This compilation is scheduled for publica-
tion in the October issue of Reviews of Modern Physics.

A third compilation, also scheduled for publication in the October issue of
Reviews of Modern Physics, gives energy levels and processes by which they are
excited, for isotopes in the range Na to Ca.,
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ELECTRONICS AND INSTRUMENTATION

The Electronics and Instrumentation Division had an increase of 3 persons since
last year. With the start-up of the reactor impending, and the usual influx of summer
visitors, the work load of the Division is growing rapidly. To avoid undue delays, the
technician staff will soon have to be increased, since only a small portion of the jobs
are suitable for farming out.

An electronics stock catalog, which lists all electronic components with de-
tailed specifications of their properties, has been prepared by members of the De-
partment. This catalog will be of great help to those who use electronics compo-

- nents; it will also make possible a considerable reduction in the number of items
which need to be carried in stock.

Development and Construction

The many types of electronic equipment under design and construction by this
Division are discussed by function.

Precision Pulse Height Measurements

Precision pulse height measurements are finding wide application in physical re-
search. Under proper conditions, the size of the electrical pulses from a counter,
due to radiation, will give an indication of the energy of the radiation. By analysis of
the pulse height distribution from a counter, it may be possible to study nuclear
energy levels or to analyze the radiating material where the energies are known.
Accurate measurements require high stability of power supply, amplifier, and pulse
height discriminating circuits. A precision high voltage (5 kv) supply has been de-
veloped. A study of voltage regulator tubes showed that the new type, 5651, is con-
siderably better than previous tubes. Using this as a reference voltage, the high
voltage supply has a drift of less than 0.01% for periods of time up to a day.

In pulse height measurements, some of the pulses, inevitably, overload the am-
plifier. Conventional amplifiers are paralyzed by such a pulse, causing distortion or
loss of small pulses following a large one. A new type of nonoverload amplifier was
developed which is direct-coupled; there are no condensers which can be charged by
a large pulse. The gain is stabilized by feedback, and other precautions are taken to
improve the stability.

This Division has cooperated with scientists at Oak Ridge in trying to improve
pulse height analyzers -~ circuits which sort the amplified pulses according to height.
Several methods based on deflection of an electron beam have not proved sufficiently
stable. Most present circuits depend on the stability of vacuum tube characteristics.
These characteristics vary several tenths of a volt from tube to tube and with time.
Consequently, the discrimination level is uncertain by that amount and the incremen-
tal channel width must be comparatively larger. It is difficult, on the other hand, to
design amplifiers which have a very large voltage output, and so the number of chan-
nels has been limited. It is possible to follow the main amplifier with a biased,
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nonoverload amplifier which will amplify a part of the pulse height range. For ex-
ample, those between 15 and 20 v in height may be amplified to cover the range 0-50 v.
The pulse height analyzer channels may, then, be 10 v wide but correspond to a width
of only 1 v at the amplifier. One such system appears to be satisfactory but is still
under test. It is as difficult to test this equipment as it is to design it. The pulses
from a counter vary in shape as well as size, so that it is not easy to simulate the
pulses with calibrating circuits; the calibrating circuits must be more stable than the
instrument under test. Several new pulse generators have been designed.

Range Measurements

In cooperation with the Physics Department, another type of energy measuring
system has been designed. In this case, the particle to be measured enters one end
of a counter which has a row of electrodes. The path length of the particle in the
gas of the counter is approximately proportional to its energy. Those electrodes
which the particle passes collect charge and give pulses. Each electrode connects to
an amplifier., Electronic circuits record the last amplifier (along the particle path)
to give a pulse, and so indicate the range of the particle in the counter gas.

Coincidence Circuits

Coincidence circuits have been developed and improved for measuring short-
time intervals in radioactive decay. Two circuits have been built to cover a range in
resolving time (for coincidence) from 10-8 to 10-6 sec; corresponding delays can be
introduced in the range 10~7 to 10~5 sec. A faster circuit has been built with a co-
incidence time of about 2 x 109 sec. One method of calibrating this circuit was to
measure the time for a gamma ray to travel 20 cm (7 x 10-10 sec).

Precision Timer

A precision timer has been designed, and is nearing completion, for the “time-
of-flight” mass spectrometer. In this instrument, the ion source is pulsed at a repe-
tition rate of 100 cycles. The relative mass measurement depends only on the time
of rotation of the ion pulse. By using a technique similar to Loran, it is anticipated
that this measurement can be made to 1 part in 105 by timing the ion pulse over a
number of revolutions. The time standard is supplied by a 1-Mc crystal. This fre-
quency is divided down by 3 “ring of ten” scalers to the repetition rate. Tap switches
make it possible to select any l-usec interval in the .0l-sec period. Fine time ad-
justment, to .01 usec, is obtained from tapped and continuously variable delay lines.
This timing circuit will be direct-reading and self-calibrating.

Miscellaneous Electronics Circuits

It is often desirable to integrate the ion beam of an accelerator in order to con-
trol the amount of exposure or activation of a target. A circuit has been developed
which integrates the ion beam current, while it also presents the instantaneous value
of the current. It is provided with relays so that equipment can be shut off after a
predetermined charge has been accumulated.
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A smoke densitometer has been built for measuring the dilution of the smoke
from the meteorology tower. The densitometer may be carried aloft by balloons.
The signal is presented on a cathode ray tube on the ground, together with a calibra=~
ting signal.

After the reactor is in operation, it will be desirable to record the ionization
produced by the stack gases by noting the effect of the effluent on the normal atmos-
pheric potential gradient. An atmospheric potential gradient monitor (Figure 1),
which is small in size and capable of recording the potential gradient within a small
region (1' high), was developed. The probe carries an ionizing source so that it tends
to come to equilibrium with the surrounding air. A feedback circuit makes the probe
support follow the probe in voltage so that the support will not materially distort the
natural field.

Two calibrating circuits were built for use with the slow neutron velocity
spectrometer. One of these was a triple pulser for measuring the resolving time of
the spectrometer timer circuits, and the other was a scaler arranged to count the
number of 1-Mc pulses passed by the timer gates.

Counter Development and Construction

Vacuum systems and other facilities for making G-M, proportional, and other
counters are available. In addition to some 50 conventional counters, the tube shop
has made 50 G-M and 25 proportional counters of special design.

Considerable work has been done on the production of scintillation counters. The
best commercial materials have been procured: anthracene, stilbene, terphenyl, etc.
The anthracene has been further purified by various methods to obtain suitable
material for crystals. An oven for growing crystals with temperature regulation and
other controls was completed (Figure 2). Sizable anthracene crystals are now being
produced; other materials will be tried in the near future. More recently, liquid
scintillators have been under investigation. The transmission spectra of crystals and
various liquid mixtures have been measured to determine the possible efficiency and
proper method of use as scintillation counters.

Health Physics Instrumentation

The development of a simple, reliable radiation monitor for civilian defense is a
project of considerable importance. Several different approaches to the problem of a
cheap gamma-ray indicator covering a wide intensity range and not requiring ex-
pensive batteries are being investigated in various AEC installations. This Division
has been asked to work on an instrument based on a photomultiplier tube. The de-
tecting element may be one of several scintillating crystals which are stable and
available. Measurements of a large number of 931A photomultiplier tubes show that
they are sufficiently similar in operation so that they can be used without selection,
for this purpose. The high voltage will, probably, be obtained from a vibrator type of
supply which is being developed to operate on flashlight batteries by the New York Of-
fice of the AEC. Scintillations from the phosphor produce photoelectrons in the
photomultiplier. These are multiplied, giving a small average output current which is
proportional to the incident radiation. This small current, in the present design,
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Figure 1. Apparatus for recording the atmospheric potential gradient, us-
ing a type of vibrating reed electrometer. The amplifier adjusts the poten-
tial of the shield surrounding the probe so as to minimize disturbance of the
gradient in the vicinity of the probe.

Figure 2. Oven and control equipment for growing anthracene and other
crystals. Very good temperature control is required, since crystallization
and annealing of a single melt each require about 1 week.
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charges a condenser until the condenser voltage is high enough to trigger a cold
cathode discharge tube (WL759). The discharge tube pulse rate is an indication of
the radiation level; or, the discharge tube current may be used to activate a cheap
current meter, so that both visual and aural indication is provided. Both the photo-
multiplier and the discharge tube give high amplification without needing the filament
power of conventional amplifier tubes. Work continues on simplifying the circuit and
improving the characteristics of the WL759 (latter through contract with Westing-
house).

An ionization chamber, which is unaffected by the electric and magnetic fields
in the neighborhood of the cyclotron, has been developed for use in the cyclotron
vault. A highly stabilized d.c. supply, operating on the a.c. mains, supplies the
electrometer amplifier and the voltage for the ion chamber.

14 Beckman type MX-3 ionization chamber instruments have been modified for
permanent installation about the hot laboratory. They have been modified to operate
alarms and to record the radiation intensity at remote points.

Glass Shop

The glass shop for the Laboratory as a whole is under the supervision of the
Electronics and Instrumentation Division. In the past 6 months, it has filled 300 re-
quests for glassware, ranging from relatively simple items to the extremely complex.
A considerable number of the jobs are, in fact, research jobs, especially in the case
of glass and quartz instruments for use in radiochemistry and chemistry at very low
temperatures. Together with the research scientist, the glassblower must experiment
and develop new designs and new techniques in order to produce apparatus suitable for
the particular research project. Although quantity orders are being farmed out
wherever possible, the backlog is continuing to grow; it seems inevitable that the shop
will have to be expanded and another glassblower hired in the near future.

Repairs

40 to 50 health physics survey instruments are serviced and calibrated each
week. 100 electronic instruments were repaired during the report period; about half
of these were scaling circuits.
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ACCELERATOR DEVELOPMENT AND CONSTRUCTION

Total personnel in the Accelerator Project now numbers 87, 30 of whom are
scientists or engineers, About 80% of the effort of the Accelerator Project is
directed toward the design and construction of the Cosmotron (2.5-Bev proton syn-
chrotron), while the remainder is directed toward completion and operation of the
General Electric accelerator and the 60-inch cyclotron, Assistance has been obtained
from university and college faculty members on leave from their institutions, and
from the service departments of the Laboratory. The employment of undergraduate
and graduate students in physics and engineering during the summer months was
repeated this year, since it proves beneficial both to the students and to the Accel-
erator Project. Twelve are now employed.

60-Inch Cyclotron

During the report period, the 60-inch cyclotron installation and assembly was
completed; all the components, except the oscillator, the deflector, and the dee-
stabilizer, were tested individually and are working satisfactorily, Figure 1 shows
the cyclotron and its control center.

The oscillator is beginning to perform as expected, With an oscillator input of
15 kw, a dee-to-dee voltage of 120 kv holding steadily for 10 min is being obtained.
During the early part of this testing period, numerous component failures, broken
glass feed-thru insulators, and punctured water lines were caused by high-frequency
parasitics. These have been suppressed so that now the dee voltage output is due to
the 11 mc fundamental, Constant repair of vacuum leaks, both air and water vapor,
has been required. Pressures of 7 x 107° mm of mercury are now obtained, and
4 x 1070 has been reached from time to time. With further searches for multiple
small leaks, plus more tank out-gassing, this pressure can be obtained regularly and
reliably,

The initial probe target and controls have been completed and tested. Radiation
monitors have been mounted near the machine. Search for a beam resonance has
begun and will continue until the beam is located near the center of the magnet and is
developed to high intensity, in order to bombard some probe targets for immediate
Laboratory needs, Completion of the hot laboratory facilities should be accomplished
by the contractors before the specified date of October 15.

Electrostatic Generator

Operation at 2,0 to 2.5 Mev has been possible for the past several months, with
resolved and focused proton currents of 2 - 5 pamp. Mechanical and electrical
difficulties which cause frequent shutdowns continue to occur, and a program to
correct these faults is being worked out with the General Electric Co.
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Figure 1. 60-inch cyclotron. Right: magnet and coil structure. Upper center: oscillator.

In the meantime, the generator is being used to study a troublesome phenom-
enon called “electron loading,” and for research purposes. Preliminary tests have
started with a cloud chamber to observe proton recoils from neutrons produced in
the Li(p,n) reaction. The Li(p,n) threshold lies at 1.88 Mev and, hence, neutrons with
a maximum energy of about 500 kev are available from this reaction with the machine
operating at 2.2 Mev, Production of neutrons by deuteron bombardment of CIZ, Li7,
and H3 is under investigation. Work on the heavy particle spectrometer, mentioned

in previous reports, is progressing satisfactorily; installation is under way,

Cosmotron (Proton Synchrotron)

Introduction

The Brookhaven National Laboratory proton synchrotron (Cosmotron) is designed
to accelerate protons to energies between 2 and 3 Bev. Details of the design can be
found in an article by Livingston, et al., but a few of the important design parameters
will be repeated here.# Enoughof the principles of operation will be explained to assist
in interpreting the more detailed account of the various components, which makes up
the bulk of this report.

#lndicates publication. See Appendix for complete reference.
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Figure 2. View of the magnet ring while installation
of the magnet coils and wireways was in progress.
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Figure 3. Over=-all view of the Cosmotron power room. Left: motor
generator set and flywheel. Right: ignitron bank and control panels.

Figure 4. 3.5-Mev electrostatic generator, with pressure tank
removed, from which protons will be injected into the Cosmotron.
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The proton synchrotron produces pulses of high energy particles; it accepts a
bundle of protons at a low energy of about 3.5 Mev, and, during an interval of 1 sec,
accelerates some of these protons to full energy -- 2 - 3 Bev., In the Cosmotron, the
acceleration cycle is repeated once every 5 sec. The start of the cycle occurs when
a set of ignitrons is fired, thus connecting a 21,000-kva generator to the coils of a
large magnet (Figure 2). Energy is supplied to the generator by a very large fly-
wheel and motor (Figure 3). The magnetic field of the magnet then starts to rise,

A pulse of protons from a 3.5-Mev electrostatic generator (Figure 4) is fired into
the magnet gap in the proper direction and at the proper time, so that the magnetic
field is correct to keep the proton orbits within the confines of the vacuum chamber
(Figure 5) placed in the magnet gap. These protons are given an acceleration of
about 1000 v per revolution in one of the straight sections of the vacuum chamber by
an oscillator amplifier system (Figure 6) at just the proper rate, so that, as the
magnetic field rises, the proton orbits continue to have approximately the same
radius of curvature,

The central problem in the design of this accelerator is to keep as many of the
initial protons as possible revolving in the gap until the magnetic field and energy
of the protons have reached full value. It is expected that a large fraction of the
protons which start will be lost before full energy is reached. Some protons will be
lost as a result of collision with residual gas in the vacuum chamber; others will
strike the inside or outside walls if the frequency of the accelerating R-F system
is not synchronized with the rising magnetic field. In addition, vertical and horizon-
tal oscillations can occur if the magnetic field in the gap is not of the proper shape.

Figure 5 (Left). 4'- prototype of the vacuum chamber, without the plastic sheet which
makes the unit gas-tight. Note the saw cuts, in the upper plate, which suppress eddy
currents. The rods are “skyhooks™ to prevent excessive deformation of the upper plate
due to atmospheric pressure.

Figure 6 (Right). Accelerating transformer unit of the Cosmotron. The proton beam
gains 1000 v energy as it passes through these ferrite rectangles when they are ex-
cited by the power amplifier.
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Proton synchrotrons in this energy range have not been constructed before, and,
accordingly, considerable reliance must be placed on theoretical calculations pre-
dicting the magnitude of effects, such as those mentioned above. The general theories,
however, are well supported by experience with electron synchrotrons and a model
proton synchrotron built at the Radiation Laboratory, Berkeley, California. In addi-
tion, extensive model tests and concurrent analyses have been carried out at the
Laboratory in order to establish a broad basis of understanding of the behavior of
the individual components of the Cosmotron.

No attempt to estimate the time required to bring the Cosmotron into operation
will be given, It is expected that construction will be essentially finished about
January, 1951, Estimates of the present stage of completion for major components
of the Cosmotron are shown in Figure 7,

Building

The Cosmotron building, a modern factory-type structure covering an area of
200! x 120 , is now practically complete. At the east end of the building, a mezzanine

" floor is laid out for offices and laboratories; at the west end, the motor-generator

room with the main generator, rectifiers, and controls, is located above a machinery
room containing the water treatment system, water pumps, and compressors for air
supply and water cooling, and the air-conditioning system. The main floor, with the
Cosmotron area in the center and the preparation docks under the mezzanine, is
reinforced concrete with a section surrounding the magnet ring for a distance of 12!
especially reinforced to carry the additional load of concrete radiation shield, if this
is necessary. The Cosmotron area is serviced by two 10-ton, 60'-span, track-
mounted cranes. The entire floor is interlaced with covered trenches for supplying
power, water, gas, and air, A hydraulic, 10-ton capacity elevator transports heavy
equipment to the area.

Three separate air-conditioning systems take care of the laboratory wing, the
preparation dock, and central Cosmotron area, and provide constant temperature with
low relative humidity to protect the magnet and apparatus from moisture, Evapora-
tive coolers on the roof cool the water circulating in the magnet coil. All of this

water is reusable,

Power

The Cosmotron magnet power supply receives a.c. power at 13,800 v, and sup-
plies peak d.c, power to the magnet coil at approximately 7,000 amp and 4,250 v. This
is accomplished with a 1750~hp, 13,800-v induction motor, driving a 21,000-kva,
12-phase, 8-pole a,c. synchronous generator and a 45-ton flywheel, traveling at
approximately 900 rpm. The generator output is rectified through the double grid,
6,000-v, 24-tank ignitron sets, which also act as inverters returning most of the
magnetic energy of the coil to the rotating set.

During the past year, the outdoqr unit substation was installed and energized.
The motor-generator set was operated satisfactorily on August 10 at near-rated
speed. As soon as the ignitron tanks are degassed and auxiliary equipment trimmed,
the magnet power supply will be ready for load tests. Figure 3 shows the power room
with all these parts installed,
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Figure 7a. Scale model of the Cosmotron building interior.
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Magnet

The individual magnet blocks of the Cosmotron, 288 in all, and each consisting
of 12 half-inch laminations, were subjected to a thorough testing program in order to
determine the variations from block to block of the various magnetic properties at
different times during the cycle of operation, This study completed, it was possible
to assign to each block a location in the magnet ring for optimum magnetic field
conditions,

The magnet blocks were then erected upon the base plates; all erection tolerances
were maintained well within the required limits. The weight of the magnet structure
is supported by a “cured” concrete ring on coarse sand of great depth, and, to date,
no measurable alteration of the erected tolerances have been found from settling (4
months),

Bracing has been installed between the magnet blocks and between the quadrant
ends (Figure 8) to hold the magnet blocks in alignment and to prevent serious motion
of the components resulting from the surge of magnetic forces, Performance tests
await the completion of the necessary components to energize the magnet.

The magnetizing coil for each quadrant of the magnet consists of 48 turns of
hollow, water-cooled copper bars which will carry a peak current of 7,000 amp. Prior
to the erection of the magnet steel, these copper bars were prefabricated as much as
was practicable., This consisted of cutting, brazing, wrapping with insulating tape,
varnishing, and baking 384 pieces, each about 50' long., Each hollow conductor was
tested for leaks at the joints with a helium leak detector, and for its water-carrying

capacity,

With the erection of the steel, these conducting bars are being bent and inserted,
one by one, into the magnet quadrants. Due to the physical shape of the magnet and
its restraining members, a special assembly technique has to be worked out and is

now functioning smoothly,

One-quarter of the copper (70 tons, total) is now assembled (Figure 8) in 2 of
the 4 quadrants, Fabrication, by an outside contractor, is expected to be complete
in about 3 more months,

Vacuum System

The vacuum chamber for the Cosmotron must satisfy several conflicting require-
ments, The desirable operating pressure is 5 x 107° mm Hg or less, yet the structure
should enclose as much as possible of the vertical and horizontal magnet aperture.
This requires that the walls be thin, but of high mechanical strength. The wall materi-
als must be non-ferromagnetic, and must minimize induced eddy currents, but should
prevent accumulation of electrostatic charge.

After more than 2 years of designing and testing, a satisfactory vacuum chamber
construction has evolved, The top and bottom of this chamber consist of 3/8" stain-
less steel plates with saw cuts extending from both sides to within 1/4" of the center-
line, These are bolted to 1" -thick solid stainless steel side walls. The steel chosen
has minimum ferromagnetism. “Skyhooks," placed at regular azimuthal intervals,
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Figure 8. View of one end of a magnet quadrant, showing the lower half of the magnet coil in
place. Steel members above and below the gap are spreader bars, used to restrain the forces
due to the magnetic fields which tend to push the end blocks outward.

increase the mechanical strength; the saw cuts keep eddy current effects small. The
vacuum seal will probably be made with a thermoplastic sheet, top and bottom, of
trifluorochlorethylene (Kel-F) which has been found to have exceptionaly good vacuum
properties,

A 4'-long prototype of the vacuum chamber with full size ends and straight sides
is shown in Figure 5, prior to vacuum testing, Fabrication of the vacuum chamber
should be under way shortly.

The vacuum chamber will be evacuated by twelve 20" diffusion pumps located in
the trench surrounding the magnet ring, These pumps have been built into individual
stands with separate controls so that they may be replaced easily for maintenance or
repair. Tests on one of these units have shown satisfactory performance. The re-
mainder of the vacuum system, consisting of valves, chambers connecting the pumps
to the vacuum chamber, and fore vacuum pumps, are either on hand or under construc-
tion.
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Radio-Frequency System

The fields which accelerate the protons in the Cosmotron are supplied by a
large radio-frequency transformer. The input of the transformer is supplied by a
100-kw power amplifier, The radio-frequency signal is generated, varied in fre-
quency over a factor of 12, and controlled to better than 0.3% by electronic circuits,
The over-all system is about 80% complete.

The variable frequency generator, which is a low-level oscillator tuned by
saturation of an inductance, is complete in final form together with its associated
power supplies, temperature controls, and control amplifier.

The frequency control system will make an electrical measurement of the
magnetic field, and will compute electrically the value of the signal to be fed to the
variable frequency generator, The components of the system are almost complete
in final form. Tests of the components indicate that each performs its function with
errors less than 0.1% -- a more than adequate accuracy, There remains only to
run the variable frequency generator from the control system, and to check the
over=-all system performance.

Peaking strips can be used to derive timing signals for starting the radio-fre-
quency system and signals at discrete values of magnetic field. The former will give
starting times to within about 3 usec, the latter can be used for intermittent checks
on the behavior of the frequency control system. The peaking strip technique is now
undergoing performance tests.

The signal from the variable frequency generator will be amplified in a broad
band power amplifier to a level of about 100 kw, Six of the 7 stages in this amplifier
have been built and tested, and the final stage is partly constructed.

The accelerating transformer (Figure 6) involves over a ton of a new ferro-
magnetic ferrite., The ferrite has been fabricated for the Accelerator Project by two
suppliers; it is all on hand. The supporting frame for the ferrite is complete and a
shielding structure is under construction. The accelerating transformer will be
tested at full voltage as soon as the power amplifier is completed.

Injector System

Design of the Cosmotron has been based on an injection voltage of at least 3 Mev,
but it was hoped that even higher voltages would be achieved, since gas scattering
losses and effects of imperfect magnetic fields become much less serious at higher
injection energies. For this reason, it is most encouraging to report that the electro-
static generator, constructed by High Voltage Engineering Corporation, has produced
a beam of protons of 4 Mev, and operation at 3.5 Mev seems assured. Furthermore,
the pulsed ion source in this machine is delivering a peak current of one mamp of

protons.

The electrostatic generator is of the horizontal type, based on the Wisconsin
designs of Professor Herb and his associates (Figure 4), It is enclosed in a steel
tank 8! in diameter, and designed to operate at a maximum pressure of 200 p.s.i.

The accelerating column is 12' long, An equipotential shell, at intermediate potential,
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helps to increase the breakdown strength of the radial air gap.

Completion of the machine has been delayed for several months beyond the
originally scheduled date, but final testing has now been in progress for several
weeks, and shipment to the Laboratory is expected to begin in September, During
early test work, unexpected difficulty was encountered with excessive “electron
loading” in the large (6" inside diameter) accelerating tube employed to get high
pumping speed., The effort to solve this problem has uncovered valuable information
concerning processes occuring in accelerating tubes. It is believed that this informa-
tion will be of benefit to designers of future electrostatic generators,

In order that protons be injected into the Cosmotron with the greatest possible
over-all efficiency, a system of ion-optical lenses and accurate viewing mechanisms
must be placed along the proton path which connects the electrostatic generator to
the Cosmotron. The objective is an emergent beam from this lens system whose
angle of divergence is less than 0.05© and 11" in extent. The principal elements of
this lens system are a pair of electrostatic plates, whose purpose is to bend the pro-
tons tangent to their equilibrium orbit in the Cosmotron, and a magnetic lens, whose
function is to provide proper focussing of the proton beam., The equipment is approach-
ing completion,

Control Console and Wiring

All important controls, adjustments, and meters required for the various com-
ponents of the Cosmotron are to be centered in the console, located on the-mezzanine,
The control, metering, and signal wires from the various components and from the
console will be collected at the main terminal box, situated immediately below the
console, on the main floor, All main cross-connections and interlocks are to be made
here, For the wiring, a wireway system was chosen in preference to conduits, be-
cause of the greater ease in making changes and additions. The terminal box and the
electrical wireway system are now about 70% installed.
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CHEMISTRY

During the report period, the staff of the Chemistry Department has grown to 61,
This increase includes summer visitors. Of this number, 47 are scientists, 13 of
whom are on leave from other institutions, 10 are technicians, and 4 are administra-
tive and clerical personnel.

During the past 6 months, the efforts of the Chemistry Department have been de-
voted mainly to various investigations of the chemical aspects of atomic energy. This
may be taken as evidence that the present staff, although not yet up to its planned size
numerically, contains members whose interests correspond to the major outlines of
the research program, and that the laboratory facilities, although not yet complete,
have been sufficient to support the work of this group. The formulation and choice of
problems reflect the scientific interests and training of the individual, his feeling for
what is significant and feasible, and his imagination,

Of the 6 wings of the chemistry laboratory, 5 are now essentially completely
outfitted and occupied. Building modifications of half of the other wing have been
finished. The portion completed during this period contains the principal new item
of equipment received -- a 2-Mev electrostatic generator for electrons, manufactured
by High Voltage Engineering Corporation, Cambridge, Massachusetts. This machine
has been installed, tested, and found to perform satisfactorily, It is currently in use
in radiation chemical investigations. A laboratory room for the helium liquefier is
nearing completion; when it is finished, the liquefier can be moved and the remainder
of the incomplete wing converted into chemical laboratory working space. Design of
the radiochemical laboratory associated with the 60-inch cyclotron was completed
some time before the period covered by this report; the laboratory rooms have not
yet been equipped. The shielded dry boxes in which cyclotrontargets willbe processed
have been designed, and are being constructed in the shops.

Chemistry Research Program

When the scope of a problem makes it desirable, cooperating groups tend to form,
but there is no formal group organization with the Chemistry Department., The nature
of the research program in chemistry has been outlined in past progress and program
reports, most recently in BNL 39 (AS-3), January 1, 1950, The program consists of
investigations of chemical problems related to the development and use of atomic
energy, and of problems which can be pursued to special advantage with the aid of
the nuclear machines which are the major facilities of the Laboratory. Corresponding
with the intent of the Laboratory to emphasize fundamental research, the program is
set up on a long-range basis, under which general areas of investigation are desig-
nated. However, the selection of individual problems is the prime responsibility of
individual members of the research staff, The areas of investigation of the Depart-
ment are described under 4 general headings,




54

General Chemistry

This broad subject of the general chemistry of substances of particular interest
in the field of atomic energy would, in principle, include studies of the chemical
properties of the following elements and compounds: a) those which are used directly
in devices in which the release of atomic energy is accomplished, especially fuel
materials; b) those which are formed in the release of atomic energy, for example,
fission products; and c) those which have secondary but important uses, for example,
in connection with chemical processing problems. This subject is included in the
research program with the view that fundamental research on the materials which
are important in the atomic energy program cannot fail to have eventual practical
value, Furthermore, some materials of great scientific interest are, for reasons of
security or of limited supply, available only at laboratories sponsored by the Atomic
Energy Commission, At present, interest in the Department is focussed on the heavy
elements protactinium, uranium, and the transuranium elements, with some attention
given to certain of the fission product elements. The aim of one line of work is to
characterize the electronic configurations, on which chemical properties ultimately
depend, of ions of the heavy elements, These studies are being carried out by means
of spectroscopic and magnetic measurements, Another line of investigation is the
study of protactinium with respect to its solution chemistry, i.e., the species which
exist in solution, and their reactions,

Chemical Effects of Radiation and of Nuclear Transformations

The changes in materials caused by exposure to radiations of high energy and in-
tensity are of great practical importance in connection with the release of atomic
energy, which inevitably involves such exposures. They are of scientific interest in
that they are incompletely known and not well understood. These changes may con-
sist in the alteration of both the physical properties and the chemical nature of a sub-
stance of interest., They have a variety of causes, among which the transfer of
momentum from the radiation to the atoms of the sample and the production of intense
ionization in the sample are undoubtedly of most consequence. Either of these may
result in the rupture of chemical bonds, the formation of transient, highly reactive
chemical species, and the eventual formation of new substances as a resultof the reac-
tions of these species. It is the aim of research in radiation chemistry to identify and
understand such radiation-induced chemical reactions,

At present, work in the Department is concerned mainly with the chemical reac-
tions brought about by the exposure of aqueous solutions to ionizing radiations. It is
believed that these reactions are initiated by the decomposition of the water molecule
into radicals, and that the final effects are determined by reactions of the radicals, By
measuring the rates of the reactions under various conditions, it is hoped tocharacter-
ize quantitatively the primary step of radical formation and to elucidate the mechan-
isms of the subsequent processes.

The radiation source employed in this work is the 2-Mev electrostatic generator,
referred to previously, It supplies alternatively an external beam of electirons of
controllable energy and intensity, or X-radiation made by allowing the electrons to
fall on a gold target. A great advantage of this kind of machine for studies in radia-
tion chemistry is the readiness and precision with which the energy and intensity of
the radiation can be controlled and the accuracy with which the radiation doses can be

known,
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In addition to the macroscopic chemical
changes referred to above, the chemical behav~
ior of an atom which has just experienced a
nuclear transformation of some sort (radio-
active decay or otherwise) is also of interest.
Such an atom usually has an excessive contentof
kinetic or electronic energy as a result of the
nuclear transformation, and is thereby enabled
to undergo chemical reactions which do not or-
dinarily occur at appreciable rates. The study
of such reactions is included in the research
program, although it is not being stressed at the
present time.

Application of Nuclear Tools to Chemical
Problems

Under this heading are included a wide vari-
ety of chemical studies with isotopes and also the
use of neutron beams to determine molecular and
crystal structures by diffraction techniques. Figute 1. Z-Mev ilectrastatic

generator.
The different isotopes of a given element

exhibit nearly identical chemical properties,

although they are distinguishable physically, for example, in the case of radioactive
isotopes by virtue of the radiations which they emit. This combination of circum-
stances is the basis for the use of isotopes as tracers, notably in chemistry and
biology, for the study of processes which cannot otherwise be investigated readily.
A number of investigations in which isotopic tracers are used to study the course of
chemical reactions is included in the research program.

Measurable differences do exist, however, in the chemical properties of the
isotopes of a givenelement. These differences are indeed the basis for the separation
of isotopes by exchange reactions. It is, there-
fore, desirable to ascertain and understand
these differences, in order to evaluate both the
limitations which they place on isotopic tracer
applications and their usefulness for the sepa-
ration of isotopes. These differences affectboth
the position of chemical equilibria and the
rates with which nonequilibrium systems react
in approaching equilibrium. Consideration has
been given to these questions, with particular
attention to the effects of isotopic substitution
on reaction rates.

The aim of structural chemistry is to de=-
termine the characteristic arrangements in
space of atoms in molecules and crystals.
This has been accomplished for a great

Figure 2. Target end of the
2-Mev electrostatic generator.
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number of substances, principally by the techniques of X-ray diffraction and electron
diffraction. An important supplement to these methods is found in the diffraction of
neutron beams, an approach made possible by the attainment of high fluxes of low
energy neutrons in nuclear reactors. Since the effectiveness with which an atom acts
as a scattering center for neutrons depends ondifferent factors than does its effective-
ness in scattering X-rays or electrons, it is evident that certain limitations in the
usefulness of the latter diffraction methods will not necessarily be felt in the case of
neutrons. Thus, neutron diffraction promises to be very helpful in cases in which one
is interested in the configuration of atoms of very low atomic number, e.g., hydrogen
atoms, and in distinguishing the positions of heavy atoms of nearly equal atomic num-
ber. Neutron crystal spectrometers for use with the reactor are now under construc-
tion,

Nuclear Problems

The study of nuclei per se is usually considered to be outside the domain of
chemistry, which is concerned with atoms and molecules, Nevertheless, just as
techniques from nuclear physics have utility in the study of chemical problems, as
remarked above, so also are chemical techniques needed in the study of many nuclear
problems, This fact is most marked in work with radioactive substances, in which
chemical identifications, separations, and purifications often must go hand in hand with
the physical measurements. Such an approach is employed in the study of radioactive
substances themselves, in which it is wished to determine the identity of the active
material, its half-life, and its decay scheme, i.e., the nature, energies, and relative
yields of the emitted radiations. Further, the characterization of new nuclear reac-
tions is facilitated by the identification of their radioactive products; and the cross
sections of reactions which form radioactive isotopes may be determined by measure-
ment of the yields of these products. The dependence of cross section on energy
(excitation function) is of interest from the standpoint of nuclear dynamics.

Review of Current Investigations

In experiments reported earlier, the paramagnetic susceptibilities of a series of
fluoride compounds of tetravalent uranium were measured as functions of temperature.
Their temperature dependence was found to follow the Curie-Weiss law, which states
the susceptibility to be inversely proportional to the absolute temperature plus a con-
stant (the Weiss temperature). The magnetic moments calculated from the data were
close to that of the corresponding rare earth ion, trivalent praeseodymium, and support
the concept of a transition series in the heavy elements similar to the rare earth
series. More recently, the paramagnetic susceptibilities of some tetravalent plutonium
compounds have been measured, in a cooperative venture at Los Alamos, with the
finding that the moment of this ion is close to the value expected for its rare earth
analog, trivalent promethium.

The observation of unusually large values of the Weiss temperature has made it
desirable to reach a better understanding of the significance of this term. Experi-
ments are being carried out to test interpretations which have suggested various
types of interactions in the crystal as causes of the Weiss temperature. The general
approach is to measure susceptibilities of mixtures of paramagnetic salts with dia-
magnetic salts, suitably chosen so as to sort out the various effects, Thus, in solid
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solutions of manganous fluoride with zinc fluoride, the Weiss temperature was found
to depend on composition in the way expected if it is due to exchange interactions be-
tween neighboring ions. In an attempt to alter the exchange interaction energy by a
change in crystal structure, a mixture of manganous chloride with strontium chloride
was studied; in this case, no such effect of the structural change was found, Experi-
ments are planned for the study of the crystalline field Stark effect, another possible
cause of the Weiss term. :

Much of the present knowledge of the electronic states of rare earth ions in
solution is derived from their absorption spectra. Techniques have been developed
recently for preparing and studying solutions of rare earth and other salts which
remain fluid at very low temperatures, at which the spectra are greatly sharpened,
and are thus more informative. The absorption spectra of rare earths and heavy
elements in such solutions are being studied. In survey experiments, the spectra of
solutions at 77° K of gadolinium bromide hexahydrate, neodymium bromide hexahy-
drate, and anhydrous uranium tetrachloride have been obtained. The spectira are
found to be unusually sharp and consisting of separated groups of lines. The uranium
spectrum has the characteristics of rare earth spectra, although the line widths are,
in general, somewhat greater than those of the rare earths,

The rather unusual properties of these fluid solutions have also prompted a
number of experiments on solution reactions at low temperatures., Evidence has been
obtained for a reaction between the noble gas argon and boron trichloride to give a
solid precipitate., A low temperature reaction between propene and iodine has also
been found. It forms a weakly-bonded compound which exhibits an ultraviolet ab-
sorption peak very similar to that of the brown solutions of iodine in aromatic sol-
vents such as benzene. The present result seems evidence against an earlier sup-
position that the ultraviolet absorption peak of the latter solutions is due to a for-
bidden transition between the energy levels of a conjugated double system, made
“allowed” by the presence of the iodine.

In comparison with other heavy elements, surprisingly little is known about the
chemistry of element 91, protactinium, This is doubtless due in part to its scarcity
in nature, and also in part to the difficulties encountered in working with aqueous
solutions of its compounds which have a very pronounced tendency to hydrolyze to
insoluble colloidal forms, It has been felt desirable to study the chemistry of this
element and its compounds both because of its inherent interest and also because of
the possible technical importance of protactinium in the atomic energy program, In
order to obtain material for this work, several of the waste residues which result
from the processing of pitchblende ores for uranium are being worked up. Isolations
have been successfully carried out on a milligram scale, with a combination of pre-
cipitation and solvent extraction techniques,

Following the installation of the electrostatic generator, the radiation chemistry
program is getting under way. The machine has operated very satisfactorily, The
radiation field in the target area is being mapped out with ionization chambers and
also by measuring the extent of oxidation of ferrous sulfate solutions placed at vari-
ous locations. The experiments on aqueous solutions have been started, after devel-
opment of techniques for thoroughly degassing samples and of analyzing for gaseous
and other products formed by irradiation, A large number of X-ray irradiations of
potassium bromide solutions have been completed. This system is being studied
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because of previous reports that bromide ion strongly affects the yields of the main

products, Hp, O,, and H;0,, presumably by reacting with the radicals present,in the

system during irradiation. The results obtained to date are not in complete agree-~

ment with the earlier work, Experiments are also being made on the decomposition *
of solid nitrates under electron bombardment.

The electrostatic generator is also being used to provide service irradiations .
for other groups in the Laboratory, and a number of X~-ray and electron irradiations’
have been made for the Biology and Physics Departments on problems ranging from
the destruction of proteins to the excitation of nuclei.

One subject being studied with the aid of isotopic tracers is the kinetics of ex-
change reactions between ions in aqueous solution. An interesting class of reactions
is that of electron transfer exchanges, the net result of which is the transfer of one
or more electrons between two ions of the same element in different oxidation states,
This process mezy be viewed as the simultaneous oxidation of the ion in the lower oxi-
dation state and reduction of the ion in the higher oxidation state, the over-all amounts
of the two species remaining constant. Most of the literature on this subject is incon-
clusive because of experimental difficulties in the measurements which have been
appreciated only recently. One such case is that of the ferrous-ferric exchange reac-
tion, which has been variously reported to be immeasurably fast, very slow, or com-
plete within 1-2 hr, Although the causes of these discrepancies are only partially
known, a procedure believed to yield dependable data has been devised. The reaction
is found to be quite rapid, but measurable; and a quantitative kinetics study is in
progress, Concurrently, the cerous-ceric and thallous-thallic exchange reactions are
under study. The former of these is of particular interest in that the rate expression
contains both a second order and a first order term., The mechanism responsible for
the occurrence of the first order term, which gives a rate independent of the ceric
concentration, is being investigated, Past work on the thallium exchange has been
significantly extended with a series of careful measurements of the effect of chloride
on the rate, The data show clearly the participation of the several chlorothallate com-
plexes in the reaction,

Exchange reactions between nickel jon and nickel complexes are also being stud-
ied.

The Fischer-Tropsch reaction is a process for the catalytic synthesis of hydro-
carbons from carbon monoxide and hydrogen. A wide variety of hydrocarbon species
is formed, and the course of the reactions is undoubtedly very complex. Various
aspects of these reactions are being studied with deuterium as a tracer. The exchange
reaction products which occur when a mixture of deuterium gas and a protium hydro-
carbon is passed over the catalyst have been determined for protium methane, ethane,
propane, n-butane, and isobutane. Deuterium exchange occurred with all of these
compounds, but, in general, the exchanged molecules appear to show a nonstatistical
distribution of deuterium, in the sense that a high degree of deuterization is favored,
The data are interpreted in terms of radical fragments on the catalyst surface.

The work in organic chemistry is concerned with the tracer study of organic
reactions and with the synthesis of isotopically-labeled compounds for use in such
studies. In collaboration with the Biology Department, a synthesis of cl4.labeled .
L-ascorbic acid (vitamin C) has been carried out. The procedure involved a sequence
of chemical and biological conversions, starting with labeled glucose isolated from
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bean leaves which had been allowed to photosynthesize in an atmosphere of C1402.
The product will be used by the Biology Department in plant and animal experiments
on the metabolism of L-ascorbic acid.

Other work, in collaboration with the Biology Department, has been concerned
with the mechanism of the epimerization of glucose and the mechanism of the
Willgerodt reaction, Glucose and mannose are two so-called epimeric compounds
which differ only in the spatial configuration of the groups attached to the second
carbon atom in its skeleton, Either of these is converted to an equilibrium mixture
of both on standing in alkaline solution, One possible mechanism would involve a
rearrangement of the carbon chain, The lack of occurrence of such a rearrangement
was demonstrated with c14 tracer, thus excluding this mechanism., As an example
of the Willgerodt reaction, acetophenone, when heated with ammonium polysulfide,
yvields phenylacetic acid and phenylacetamide, the original ketone group having been
reduced and the end carbon atom (i.e., of the adjacent methyl group, in this case)
oxidized. The mechanism of this reaction is not clear, The question of whether a
rearrangement of the carbon skeleton of the molecule is involved has been studied; it
has been reported that the phenylacetamide retains the original carbon skeleton, but
that the phenylacetic acid has a rearranged skeleton, indicating migration of the
phenyl group. Similar data have been obtained at the Laboratory, but it is believed
that the evidence for rearrangement in the acidic portion of the reaction is inconclu-
sive. This point is being further studied,

A number of interesting aspects of the thermal decomposition of ammonium

‘nitrate into nitrous oxide and water has been found in experiments with N15 and with

0!8, One feature is that the reaction is catalyzed by water and goes slowly, if at all,
in the absence of water, However, using HZO18 it was found that none of the Ol8
appears in the reaction products, and the catalytic mechanism must be formulated

in such a way as to be consistent with this lack of exchange, No satisfactory explana-
tion of these facts has yet been reached. With N15H4NO3, it was shown that the reac-
tion gives exclusively N15N14O, i.e., proceeds without rearrangement of the nitrogen
atoms, This observation rules out certain otherwise attractive possibilities for the
mechanism of the reaction., During the course of the reaction, 018 is found to be
fractionated by a few percent; the magnitude of this isotope effect is consistent with
theoretical expectations, The fact that the NO is formed without appreciable mixing
of the nitrogen isotopes has been used to prepare samples of the isotopic isomers
N15N14O and N14N150. These have, in turn, been used for experiments on the mech-
anism of the thermal decomposition of nitrous oxide; their infrared spectra have also
been studied, Various mechanisms for the decomposition of N20O into N2 and O have
received consideration; a number of them involves rupture of the N-=N bond, The
latter have been shown to be untenable by the finding that the N2 from mixtures of
N15N14O16 and N14N14016 is formed without mixing of the nitrogen isotopes, The
results are consistent with a mechanism involving dissociation into N, and O, followed
by reactions of the oxygen atoms with N,O and with each other. In the infrared meas-
urements, the chan%es in the fundamental vibration frequencies of the molecule caused
by substitution of N 5 in the end position and in the center position were determined.
The results permitted some improvements in the values of the force constants of the
molecule, and have been used for theoretical calculations of the thermodynamic prop-

erties of isotopic N,O molecules,

A number of mass spectrometric investigations have been made with respect to
the effects of isotopic substitution on the mass spectral patterns of molecules. Experi-
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mental precautions necessary for insuring that the recorded relative abundances
accurately reflect the relative abundance of the ions as they are formed in the ion
source have been carefully studied, The relative yields of monatomic and diatomic
ions formed by electron impact on the isotopic hydrogen molecules Hjp, D2, and T
have been measured, with results which agree much better with theory than do pre-
viously published data. In a theoretical investigation, a general approximate method
for predicting isotope effects on the mass spectral patterns of simple molecules has
been developed. The predictions compared with the limited amount of available ex-
perimental data, and satisfactory agreement is obtained.

Work carried out on nuclear problems during the report period has emphasized
measurements on cyclotron and reactor-produced radioactive isotopes made outside
the Laboratory.

One of the very long-lived isotopes formed in the fission of uranium is 1129, Its
half-life is being measured by determination of the number of atoms in a given sample
and the total disintegration rate. The sample is isolated with normal iodine carrier
from a reactor-irradiated uranium slug. Its isotopic composition is determined with
a mass spectrometer, the total amount of iodine is measured chemically, and the
absolute disintegration rate is measured on a gaseous sample of methyl iodide inside
a G-M counter, The preliminary values obtained for the half-life are from 8 to 16
million years, in reasonable agreement with other estimates,

The complex decay scheme of Ni57 has been studied and fairly completely char-
acterized, This isotope was found to decay alternatively by the competing processes
of positron emission and electron capture; besides positrons, both X-rays and gamma
rays are emitted. The characteristic Co X-rays following electron capture were ob-
served and quantitatively measured with an X-ray proportional counter and pulse
height analyzer, It was established that the decay is divided equally between positron
emission and electron capture, and that both branches lead to excited states of the
product nucleus, Co>7, In the capture branch there are low energy gamma rays not
found in the positron branch., The positron spectrum was measured with a lens type
beta ray spectrometer and found to have the shape predicted by the Fermi theory for
an allowed transition. This work was done in cooperation with the Physics Depart-

ment,

It is known that the beta emitter AgllO exists in two isomeric states which
decay with half-lives of 270 days and 24 se¢. A genetic relationship between the two
states, i,e,, direct decay of the long-lived excited state to the short-lived daughter
state, has been demonstrated by the separation of short-lived Ag from a well-aged
sample of the 270-day activity. This was accomplished with the aid of the fact that
isomeric transitions often cause the rupture of chemical bonds and thus permit chem-
ical separation of the daughter from the parent, The daughter was collected on copper
electrodes immersed in an ether solution of a stable organic complex of the 270-day
Ag., The daughter activity from the isomeric transition was collected with an efficiency
of about 25%. Its half-life was measured to be 23 sec, in good agreement with the

accepted value,

The proportional X-ray counter, referred to above, has also been exploited in
the study of phenomena, not previously observed, which occur during alpha and beta
decay -- namely, the ejection of extra-nuclear electrons from the decaying atom, It
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has been thought that this should occur as the result of interactions of the atomic
electrons with the decaying nucleus and departing particle. The process has been

the subject of theoretical discussions, which predicted a yield of about 1 electron
ejected per 1000-10,000 decays. Withthe proportional X-ray counter, X-radiation due
to the process has been detected from the alpha emitter Po210, and the beta emitters,
Biuo, S35, and P32. Polonium has been most thoroughly studied; it has been con-
clusively proved that the X-rays are characteristic of the daughter, Pb. The yield

of electrons ejected from the L shell in this case has been measured as one per 1600
alpha particles. The X-rays emitted from 535 have been identified, with fair certainty,
as characteristic chlorine X-radiation, These experiments are being carried on with
the aim of determining the probability of the process as a function of the nature and
energy of the radioactive decay particle, and the atomic number of the atom,

Another nuclear problem being worked on concerns the recoil of atoms from
neutrino emission, Observations on recoil atoms furnish the most direct known
experimental method of studying this essentially undetectable particle. The electron
capture isotope, Be?, presents a favorable case, since the neutrino is the only radia~
tion emitted by the Be nucleus, and since the recoils are reasonably energetic, An
attempt is being made to obtain accurate measurements of the energy spectrum of the
recoils, Although such measurements have been made in other laboratories, it has
been felt worthwhile to attempt further refinements, in order to settle as conclusively
as possible the question of whether one or several neutrinos are emitted. The experi-
ments have been directed particularly toward methods of preparation of the surface
from which the product lithium ions recoil, as well as toward improved methods of
analyzing the recoil spectrum. Some success has been achieved with sources purified
by distillations in vacuo, after thorough chemical purification, and with an electro-
static analyzer for the spectrum analysis. The results to date point quite strongly to
the emission of only a single neutrino per decay.
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REACTOR SCIENCE AND ENGINEERING

The total staff of the Reactor Science and Engineering Department numbers 138,
of whom 54 are scientists. Most of the effort of the Department has been expended on
the reactor alteration program and the planning for reactor start-up in August. Of a
total of 70 scientists and engineers, about 50% have been closely associated with the
reactor completion and start-up, and 10% with various phases of the radioactive
protection program, including meteorology, geology, and waste handling. All others
have been engaged in research and development of applied problems in physics,
chemistry, and metallurgy. A few of these latter research problems are discussed
in this report, The contributions of the Meteorology and Geology Groups are discuss=
ed under the Radiation Protection section.

Detailed discussions of the nuclear reactor design, the recent program of altera-
tions, and the progress reports on the various problems in metallurgy and chemical
engineering are to be found in the quarterly classified progress reports of the Reac~
tor Science and Engineering Department. With the approaching operation of the re-
actor, more time will be spent on chemical problems involving fuels and fission
products, the metallurgical problems of an operating reactor, the properties of ir-
radiated materials, the physics and engineering of shielding, and neutron problems.

In addition to the research and development work indicated above, the Depart-
ment operates and maintains the nuclear reactor. Since the program calls for 24-
hour operation 7 days a week, the Reactor Operations Group, to which are assigned
38 persons, has the largest group within the Department.

The Department also operates the hot laboratory and waste handling facilities;
17 persons are assigned to these functions.

Reactor Construction

Revisions in design and subsequent alterations to the reactor have been com-~
pleted. The Babcock and Wilcox Company has completed all phases of its contract
with the H.K, Ferguson Company, and has reported formally that the reactor has been
constructed by the H.K, Ferguson Company in accordance with the approved revisions,
The H.K. Ferguson Company terminated all manual employees in August and, except
for fiscal and property audits, has completed the contract. With the exception of
certain mechanical guarantees to be demonstrated under operating flux and tempera-
ture, the construction of all the reactor complex has been accepted by the Laboratory.
The construction period is thus over and no further construction contracts are antici-
pated as necessary to augment Laboratory work in order to bring the reactor to de-
sign power,

Reactor Criticality

As noted in the general introduction, the completion of the reactor alteration pro-
gram and the ensuing work and experiments leading to criticality are of special inter-
est and will be noted here, even though they occurred after July 1, 1950,
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The construction program was completed on August 11 by the H.K. Ferguson
Company, after which Babcock and Wilcox engineers made a final inspection. The
personnel of the Reactor Science and Engineering Department immediately started
clean-up operations preparatory to the loading operation. Loading of uranium was
started on August 13,

During the winter of 1949-50, measurements were made on the subcritical re-
actor up to a reproduction factor of 0.99. These were made with the purpose of get-
ting parameters of the Brookhaven National Laboratory reactor better to enable the
Reactor Theory Group to predict the uranium loading for criticality and the probable
characteristics of the operating reactor. Similar experiments were again carried out
at various stages of the loading of the subcritical reactor. It is interesting to note
that the results of the two series of experiments were in agreement and indicated
essentially no change in the reactor characteristics during the past six months.

Criticality was reached on August 22, 1950, Physics experiments on the reactor
have been in progress since that time and will be continued through the various stages
of operation as the power level is increased. After the current series of tests, the
reactor will be turned over to the engineering group to set up the air flow pattern re-
quired for high level operation. The next stage of testing, which will occur in October,
will be at a level of a few thousand kilowatts. At that time, the research program us-
ing the reactor as a neutron source can be started.

Wastes

The problem of radioactive wastes is being attacked by two groups. The first is
studying the problem of concentration of the active waste products from large quanti-
ties of dilute solutions. The second phase of the problem is that of actual disposal of
the active concentrates and other highly active waste products. The difficulty of the
latter problem is measured in terms of the degree of permanence desired in the ulti-
mate disposal.

The development of the filtration and the total condensation process for the re-
duction of large volumes of slightly contaminated wastes is described in other BNL
reports. These processes involve evaporative concentration with a high degree of
de-entrainment. The results, as recorded in the above reports, indicate that a de-
contamination factor of 106 from feed to product can be achieved with a concentration
factor of 100 from feed to concentrate. A further report, summarizing the results of
all work in de-entrainment in evaporative equipment, is now in preparation,

Preliminary designs of the full-scale low=-level waste concentrating plant were
made, based on both the filtration and the total condensation processes., In conjunction
with the preliminary design studies, an economic evaluation of the waste concentration
project was made and reported. The above studies indicate that a considerable risk
was involved in extrapolating from pilot plant data to full plant scale and that a semi-
works program was in order. It was also shown that compressive distillation has
certain possible economic advantages over standard evaporative methods for condi-
tions at this site. A semi-~-works program utilizing a compressive still, designed on
the filtration process, has been started. It is anticipated that design and construction
contracts will be let in the future for the process design of the waste concentration

system to be constructed at the Laboratory.
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The work on permanent waste disposal has been directed toward the use of cer-
tain clays for the purpose of fixing the activity within the clay. The cation exchange
capacity of various clays as functions of the concentration and nature of the cation,
temperature of the reactants, and the particle size of the clay, has been studied.
Most of the work has been done with solutions of radiostrontium 89, although some
work has been done with mixed fission products. In the determination of exchange
capacities, clay samples which have been dried at 110°C are agitated with radio-
strontium. After equilibrium has been established, the clay is centrifuged, washed,
and dried at 1109C. The saturated clays are then subjected to a series of heat treat-
ments designed to fix the activity within the clay. Thus far, temperatures in the
range from 300° to 900°C have been tried for periods of about 24 hr. The samples
are then treated by agitating for several weeks with a large excess of BaCl, solution.
Tests have shown that replacement of radiostrontium by barium is 100% complete in
the case of unheated saturated clays and, therefore, this technique serves as a
measure of the degree of fixation achieved by heating. The general results for the
better clays, such as montmorillonite R2532 (Filtrol Corp.), show that less than 5%
of the activity is removed by contact with the barium chloride over periods of 30 days
when the clay has been baked at 710°9C. Data taken at 875°C showed less than 1% ex-
change for the same period of time., Tests are continuing on the exchange capacities
of the clays and the temperatures required for fixation. The problem of ultimate dis-
posal of the fired clay tile with its locked=-in activity is still to be considered.

Radioisotope Production

The Hot Laboratory Operations Group has had under investigation for some time
the problem of making a short-lived iodine isotope (I!32) available for medical and
biological use. The currently used I131, having a half-life of some 8 days, is un-
satisfactory for certain medical applications wherein a shorter half-life material is
required, 1132, which has a half-life of 2.4 hrs, would be well adapted for these ap-
plications. However, the separation and shipment of this isotope in form of iodine
would be impossible due to decay during the period of shipment. A method has been
developed for the separation of the 77-hr parent tellurium, which can be shipped., A
simple emanation technique can then be carried out by the user at the time of use.
The basic requirements of the program have been, therefore, a safe, easily handled,
transportable container for the Tel32 and the other active and inactive fission-pro=
duct telluriums, and a molten salt system from which iodine can be recovered from
the tellurium or its compounds. The design of the generator is substantially com-
plete. Testing of LiCl and other chloride admixtures has shown these to be satis-
factory for iodine recovery, with no observable tellurium carry=-over,

During the report period, several unclassified research problems have been in
progress. In general, these have been reported in the quarterly scientific progress
reports and in the scientific literature. These researches are indicated in brief in
the following paragraphs.

Members of the Reactor Theory Group have considered two problems. A study
of the systematics of even proton-even neutron alpha emitters has been completed and
empirical relationships of the form log A = a +2L have been found for Z constant
as well as for (A - 2Z) constant. The constants for various values of Z and (A -
2Z) have been found. Values of the nuclear radii and internal potentials calculated
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from the rigorous form of the Gamow-Condon-Gurney theory resulted in rg = 1.57
Al/3 x 10-13 cm and E - U= 0.52 Mev for“normal” even-even alpha emitters. E is
the alpha energy.

Calculations have also been made on a Yukawa potential wave function. A fairly
accurate approximation of the wave function of a deuteron in the ground state has been
used to calculate Vg in the nucleon interaction potential V(r) = —Vol-fl-_-#r. Vo can be
represented in various parameters, including u, the reciprocal Compton wave length
of the nuclear force meson, the deuteron binding energy, the deuteron radius, and a
variational parameter. Plots of V, as a function of the variational parameter are
available for several values of . ‘

An investigation has been made of the effect of cadmium trays used in obtaining
neutron-activated indium resonance activities. Since the lower end of the indium
resonance at 1.44 ev extends into the region where cadmium becomes a good neutron
absorber, a correction depending on the cadmium and indium thickness must be ap-
lied to the activities of cadmium=-covered indium foils. Indium foils of 94.5 mg/cm2
thickness were covered with cadmium varying from 0.009"to 0.058" in thickness. The
activities obtained with thicknesses above 0.020" where cadmium is black to thermal
neutrons, were fitted to an equation of the form

C' = Ce3-507t,

where C is the observed activity, C’' is the true activity, and t is the cadmium
thickness in inches. This equation is valid for 94.5 mg/cm2 indium foils, and for
cadmium thicknesses between 0,020" and about 0,060".

An X-ray spectrometer has been used to detect the soft X-rays resulting from
the electron capture process in K40, The problem of reducing the background due to
the presence of the beta particles from K40 (60 times as many betas as X-rays) has
disclosed some interesting characteristics of this type of spectrometer. Since the
betas lose only part of their energy in the counter, and the specific ionization for high
energy electrons varies only slowly with energy, the betas give a broad peak on a
pulse height vs. energy curve at some pulse height region determined by the type of
gas and the pressure in the counter. By a suitable choice of the gas and the pressure,
the background peak of the betas can be shifted out of the region of interest of the
X-ray peak. The optimum filling for the K40 case (argon X-rays) from the prelimi-
nary experiments is krypton with 10% methane at slightly less than atmospheric
pressure. The resolution of the instrument under these conditions is 20-25%. The
data show consistently the presence of argon X-rays from the K40 sample, as two
previous investigations seem to indicate.

If Ca%l can be produced it should decay by electron capture to K41 according to
the threshold observed for the K41(p,n)Ca4l reaction. Several investigators have at-
tempted to observe this decay and have reported a half-life of about 10 days. Other
observers have been unable to detect this decay and have found that the cross section
for Ca40(n,y)Ca41 is less than 0,001 barns if a 10 day half-life is assumed., The
presence of Ca4l has been observed in a standard “irradiated unit” of calcium which
was irradiated in the Oak Ridge reactor more than a year ago. This experiment con-
sisted of searching for the Ky X-ray of potassium which is emitted in the electron
capture process of a calcium isotope. Ca4l is the only isotope of calcium that could
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be present in such a sample and decay by electron capture. A proportional counter
and a pulse height discriminator were used as an X-ray spectrometer. The instru-
ment was calibrated by using the K-capture isotopes Fe55, V49, and A37 (Figure 1).
A background of beta particles from Ca45 was present but the peak due to the Catl
X-rays appeared at the proper location with an intensity of about 3 times the back-
ground, The strength of the X-rays and the age of the sample indicate that the half-
life of Ca%l is of the order of a year or longer, If this is true, then the cross section
for Ca40(n,y)Ca‘41 must be considerably greater than previous calculations indicate.
A program to measure the Ca%l half-life and the Ca‘“)(n,y)Ca41 cross section is
planned. ’

A theory has been proposed to account for a variety of star known as a supernova
of type I. Such stars are characterized by: a) a high intensity maximum of 20-30
days duration; b) an exponential tail to the light curve of half-life 55 days (Am =
0.0137 * .0012 magnitudes per day); c) an integrated visual light emission of nearly
1049 ergs; and d) a residual gaseous shell of low hydrogen content expanding at a
velocity of 1300 km/sec and radiating 1036 ergs/sec visible light about 900 years
after the outburst. These characteristics may be accounted for by assuming a mass-
ive original star which undergoes gravitational collapse after hydrogen depletion. At
a central temperature of 2 - 3x 109 oC a second order (endothermic) reaction will
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occur between alpha particles to form beryllium (Be7) with neutron emission. The
reaction is highly endothermic (A = - 18.6 mv), permitting rapid gravitational col-
lapse. Neutrons generated will be absorbed by the heavy elements present in the
star. Nitrogen in particular has a (n,p) resonance of 0.1 x 1024 cm2 cross sec-
tion at 550 kev. Since the most probable energy at 3x 109 °C is 260 kev, and N may
be expected to be present to an extent of 0.1 to 1%, it will be an important absorber.
After collapse, the star becomes unstable and explodes, driving off a considerable
fraction of its mass as an expanding gas cloud, probably leaving a core in a highly
degenerate state. The exact mechanism of this explosion is not understood. Several
possible mechanisms are: a)the formation of a highly degenerate core, driving the
outer layers away by radiation pressure; b) accelerated decay of Be7 at increased
electron density and the regeneration of He from Li7 and H; and c) rotational in-
stability of the star. The expanding gas envelope carries with it the Be7 and Ccl4 pro-
duced by the reaction. As the density drops, the thermal energy is radiated away as
the initial maximum of the light curve. Thereafter the energy source is Be’ (Tz =
52.9 days). The energy source will follow an exponential curve unless: a) the dif-
fusion of light to the surface of the gas envelope takes a long time compared to the
radioactive life, or b) the gas envelope becomes so tenuous as to permit appreciable
loss of the 480-kev gamma rays. In the case of two well-known supernovae, observed
in 1054 A,D. and in 1937 in extragalactic nebula IC 4182, these restrictions were not
found to be limiting from 40 days to 600 days past maximum. The quantity of Be7 re-
quired for these stars was 3 x 1032 g, After the decay of Be’, the energy source may
progress through intermediate periods, representing fortuitous neutron-induced activ-
ities, but will rapidly approach the period of cl4 (T2 = 4700 years). In the case of
the supernova of 1054 A.D,, the gaseous envelope, the Crab nebula, is readily observ-
ed. Its energy source corresponds to 1032 g cl4, Assuming an initial mass of

4 x 1034 g, the nebula should contain about 0.2% Cl4 and about 0.7% Li7. Spectro-
scopic data show an unusually low abundance of H (<5%), but show He, N, and O. The
abundances of these elements have not been derived from the spectrum.




LIFE SCIENCES

The main functions of the Biology Department are the use of radioactive material
to study the distribution, physical transfers,and chemical reactions of elements and
compounds in the normal metabolism of plants, animals, and microorganisms, and to
ascertain the effects of internal and external radiation on function, growth, and gene-
tics,

Since the Biology Department was organized in June, 1947, Dr. Leslie F. Nims
has served as its Acting Chairman, and has gathered a staff which has been yielding
dividends at an accelerating rate in the above fields. In order to return to full-time
research, Dr.Nims requested, last December, that he be relieved of the chairmanship
as soon as a permanent chairman could be appointed. Dr. Howard J. Curtis, Professor
of Physiology at Vanderbilt Medical School, has accepted the position, and will assume
his duties as Chairman on October 1.

In June, the Biology Department sponsored a two-day conference devoted to
carbon dioxide assimilation reactions in biological systems. The first day was con-
cerned with studies on microorganisms and isolated enzyme systems derived from
microorganisms and animal tissue, The second day was concerned with photosynthe-~
sis and carbon dioxide assimilation reactions in plant enzyme systems. The confer-
ence was attended by over a hundred investigators and was very well received. To
our knowledge, it was the first such conference devoted exclusively to this important
field and it is hoped it will be followed by others at various laboratories around the
country,

In addition to the regular staff, the Department has had 14 visiting scientists
during the report period, The length of the visits have ranged from a few days up
to a full year, with the average stay being 8-10 weeks, One A.E.C. Fellow is presently
at work in the Department, and arrangements have been completed for two others to
begin their research during the next two months.

The Medical Department covers two fields: medical service to the personnel of
Brookhaven National Laboratory, and scientific research, Separate staffs are engaged
in the two fields.

Medical service includes physical examination of all employees, dispensary and
hospital care, and cooperation with the Health Physics Division,

Scientific research includes studies of the physiology, pathology, and therapy of
man, and studies of organisms that affect man, or that may yield information clarify-
ing the human processes. The general factors studied include those mentioned in
connection with the Biology Department, but the problems are oriented more directly
toward man, The observations on man include studies of selected patients with
thyroid cancer, hyperthyroidism, nephrosis, or leukemia. The scientific staff was
organized in 1949, Experimental work has advanced as rapidly as could be expected.
Laboratories are now active in the fields of pathology, bacteriology, and chemistry.
The hospital usually has 12 to 15 research patients.
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In the study of the effects of radiation on animal physiology, the fields of medi-
cine and biology overlap. Cooperation between the two departments is essential, and
has already begun on several problems. Such cooperation will be facilitated by the
ultimate transfer of the Medical Department to a site adjacent to that of the Biology
Department.

BIOLOGY

The staff of the Biology Department now numbers 45, of which 21 are scientists,
20 are technicians, and 4 are administrative and clerical personnel. This is
compared with the staff on July 1, 1949, which then totalled 38, of which 18 were
scientists, 16 were technicians, and 4 were administrative and clerical.

In December, the first phase of new laboratory construction was completed and
the building at 46 Bell Avenue was occupied by 31 members of the staff, One of the
barracks buildings previously occupied was completely vacated, but has been main-
tained in stand-by condition for use by short-term visitors or for special experiments
requiring some degree of isolation. Another is still being used as regular laboratory
space; the third is being used as both stockroom and laboratory space. Plans for the
second phase of construction are well under way and it is hoped that work on the
building will begin within the next six to eight months. In addition to the building
mentioned above, the Biology Department also took over the old dispensary building
at 10 Center Street for use as an animal farm. A pronounced increase in the num-
ber and variety of animals being used, plus the beginning of a rat breeding program,
had made the previously occupied space completely inadequate, Although the dis-
pensary building made more space available, it is far from satisfactory due to the
complete lack of temperature and humidity control, inefficient arrangement of rooms,
etc. Properly designed animal quarters will be included as part of the building now

being planned.

The various research programs of the Biology Department have been greatly
facilitated by the additional laboratory space afforded by the new building. Increasing
emphasis will be placed on studies in radiobiology as the various nuclear machines
become available for experimentation. The installation of a new 250-kev 30-ma tube-
currentlx-ray machine in the biology laboratories will be completed in the near future.
Exploratory studies, in collaboration with the Chemistry Department, have demon-
strated that their new 2-Mev electrostatic generator will be a most excellent device
with which to study the irradiation effects of electrons and X-rays on solutions of
materials of biological interest. It should also prove useful in the studies of the
effects of radiation on individual organs of small animals, since the output can be

nicely beamed.

The activities of the Biology Department are centered around two fields of in-
terest. The first is radiobiology; varieties of plants, animals, and microorganisms
are being used to study the physiological, genetic, cytological, and biochemical effects
resulting from the irradiation of selected organisms. The mechanism by which the
damaging effects of radiation are mediated is also under investigation. Another field
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Figure 1. View of new Biology building.

of interest is the application of the tracer technique to fundamental biological prob-
lems, In this program, isotopes of carbon, iron, phosphorus, barium, and the rare
earths are being used to study problems as varied as photosynthesis and the mineral
metabolism of insects. A fuller description of these efforts follows,

Biological Effects of Radiation

Animals

The prevention and treatment of radiation damage in the mammal is difficult.
Recent work from several laboratories indicate that there are agents such as cysteine,
methionine, cyanide, and even anoxia, which, if present during the irradiation, make
the animals more resistant to the radiation. The agents so far discovered do not,
however, seem to be practical for mass protection. It seems probable that proper
treatment of exposed individuals offers the better means of taking care of radiation
casualties. Such treatment should be based on sound physiological principles. The
animal work in the Biology Department is directed toward a better understanding of
the altered physiology in the irradiated mammal.

Following exposure to X-rays, rats rapidly develop a greatly increased water
turnover. The effect is very pronounced. If several exposed rats are caged together,
the animals struggle for the water supply. With whole body irradiation, and often at
the higher doses, they will drink and excrete an amount of water equal to or greater
than their body weight on the first day after exposure. It has been known for some
time that animals exposed to whole body ionizing irradiation suffer from bacterial
infection, the causative organisms apparently escaping from the gastrointestinal
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tract. In fact, life in the irradiated animal can be prolonged by treatment with suit-
able antibiotics. However, control experiments have shown that the disturbed water
metabolism is not due to the infection, for treatment of the irradiated rat with
aureomycin does not alter the course of the disturbance in water metabolism.

Associated with the disturbance in water metabolism is disturbance in salt
metabolism. There is a period of negative potassium balance in the irradiated rat
during the first 24 hours after exposure; in the fasted animal, this is associated with
a nitrogen loss in the urine that is greater than in fasted control animals. The ani-
mals regain normal balance in 4 to 5 days.

Some of the effects of whole body irradiation appear to be mediated through the
pituitary - adrenal system. These glands comprise a normal line of defense of the
integrity of the mammal to stresses such as high and low temperatures, anoxia, in-
fection, etc. Removal of the adrenal gland makes a rat more susceptible to all types
of stress, including whole body X irradiation., Treatment of the adrenalectomized
animal with either extracts of the adrenal gland or desoxycorticosterone acetate will
restore the deficient animal's ability to withstand stress to normal. In fact, internal
shielding of the adrenal gland in the normal animal greatly increases his resistance
to irradiation. The mechanisms underlying these effects are not understood and will
be the objects of future intensive study, but they do indicate the importance of the
pituitary - adrenal system to the phenomena of irradiation sickness,

Some experiments along this line are already under way. For example, it has
been found that the blood of the irradiated rat has lost some of its antidiuretic fac-
tor; that is, if serum from an irradiated animal is injected into a control animal which
has been well hydrated, the control animal excretes water faster than controls which
receive serum from unirradiated animals. Also, the irradiated animal excretes ex-
cess administered water at a faster rate than do controls. The presumed source of
this activity is in the postpituitary gland, and the experiment demonstrates that whole
body irradiation by some mechanism is inhibiting the secretion of normal control
hormones by the pituitary gland. This explanation is only tentative and further ex-
periments are under way to test this hypothesis. If true, it would indicate that part
of the syndrome of radiation sickness is the partial loss of important elements in the
circulation and if these factors can be determined they may offer methods of replace-
ment therapy for the syndrome of irradiation sickness.

Plants

Intensive study is continuing of the physiological and cytological consequences of
irradiation of plants and plant materials. Many of these studies are being carried on
in collaboration with investigators at other laboratories. For example, the Botany
Department of the University of Pennsylvania is investigating the tyrosinase activity
in potato tubers, and in preparations of the enzyme made from tubers. It has been
found that 20,000 r of X-rays increases the enzyme activity in both the tubers and in
the isolated extracts. This phenomena is being further investigated. In collaboration
with Rutgers University, a study is being made of the histological changes occurring in
Tradescantia plants after various exposures to continuous gamma irradiation. Pre-
liminary results indicate that the meristematic zones are almost completely destroyed
at doses of 60 r a day or above. At lower doses (10 - 15 r per day), abnormalities and
hypertrophy of the floral parts occur.
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Figure 2. Effects of gamma radiation on the growth of lily. From left to right, these plants
have had dosages of approximately 4500 r, 2400 r, and 2000 r. The largest plant is the unir-
radiated control. The dose rates were respectively about 150, 82, and 66 r per day. Flower
bud development in all irradiated plants was incomplete.

The regeneration of vegetative and floral parts of Tradescantia plants is strongly
inhibited by high levels of chronic gamma irradiation, It appears that growth is fairly
normal for levels of dosage that produce less than 20% aberrations inthe chromosomes.,
When chromosome breakage is greater, so that the aberration frequency approaches
30%, the severe inhibition occurs. This occurs at exposures of 66 r or greater in
Tradescantia. The plant species Lilium and Vicia are also inhibited at about the same
levels. Other plants tested (maize, tomato, snapdragon, marigolds, potatoes, and vari-
ous varieties of weeds present in the gamma field) appear to be little affected at this
dose rate. These results make it appear that those plants withthe larger chromosomes
are the more sensitive to ionizing radiation,

The effects of fast neutron, X, and gamma irradiation on the growth of potatoes
are continuing to be studied, When tubers are irradiated with X-rays, the time of
emergence is lengthened and the yield appears to be decreased at a total single dose
of 1200 r., At 4800 r, little, if any, growth takes place. In the gamma field, potatoes
were grown at various dose rates; it appears that continuous gamma irradiation (for
the whole growing season) is only about 14% as effective as the same amount of acute
X irradiation. Preliminary observations on the fast neutron irradiated potatoes (irra-
diation carried out at Oak Ridge) indicate that acute neutron irradiation is some four
times or more as effective as X-rays in inhibiting the growth of potato tubers.

In the cytological studies being carried out on the meiotic cycle of Trillium pollen
mother cells, it has been found that differential rejoining is a factor of some importance
in accounting for the marked alterations of the sensitivity of the chromosomes (present
data indicate well over a hundred-fold variation) to X-rays at various stages in the
cycle. The number of rejoins (dicentrics and rings) is significantly greater following
irradiation at early interphase than at first meiotic metaphase.
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An attempt is being made to assay the effect of a short exposure of Trillium to
high temperatures just before irradiation to see how the sensitivity changes. Also,
other experiments are under way to compare the effects of beta irradiation upon
Trillium chromosomes with those of X-rays. The experiments are still in an early
stage and the results are not yet at hand, An attempt is also being made to separate
the direct physiological effects of irradiation from the indirect effects resulting from
chromosome fragmentation. Experiments have been designed to reduce or eliminate
the usual delay of the onset of meiosis following irradiation at meiotic prophase and
to eliminate the secondary inhibition due to loss of fragments. Treatment of the
irradiated Trillium flower buds with colchicine and indol acetic acid has given
promising results, Further work is under way.

Two important questions are raised by the X«ray sensitivity experiments. One
is, what is the mechanism by which chromosomes are broken by radiations? The
other asks, what is different with cells at one stage of division that they are more
sensitive to damage than at another ?

The answer to the first question may well lie in the explanation to the second.
To attack this problem, one must know what the chemical and physical changes are
that go on during normal cell division. The obvious visible changes that occur during
mitosis and meiosis are well known. The cell nucleus is the center of activity and
the most marked events take place here. The formation of chromosome threads from
a more or less homogeneous resting nucleus, and the final transition of these threads
into double the normal number of rod-like chromosomes which separate equally to
each of two newly-formed cells, are phenomena which have been known for almost
a century, But the chemistry of this process is only just beginning to be understood.
The key to the sensitivity problem undoubtedly lies in the chemical changes which
occur during division.

Nuclei and chromosomes are comprised almost entirely of two classes of chemi-
cal substance: protein and nucleic acid. Of the latter, there are universally two kinds:
desoxypentose nucleic acid (DNA) and pentose nucleic acid (PNA), DNA is only
associated with chromosomes and is believed to be closely related to the gene sub-
stance itself. PNA is found predominantly in the cytoplasm but it has also been found
in the nucleus; it is generally associated with protein synthesis.

Analyses have been carried out to determine the amount of the two nucleic acids
per cell in succeeding stages of dividing Trillium pollen mother cells. During the
meiotic division in this plant, each pollen mother cell divides twice and gives rise to
four pollen grains. Each pollen grain contains just half the number of chromosomes
contained by the original mother cell. Thus, one division reduces the number of
chromosomes by half while the other division is an equational one, where the number
of chromosomes is not changed. As has been shown above, chromosome fragmentation
by X-rays is low at the beginning of the first division process, rises to a high as the
first division is actually about to take place, and slowly falls off as divisions progress,
until a low is reached after the end of the second division and at the beginning of a long
interphase (early pollen grain stage) prior to the start of a third new mitotic division.

The changes in amounts of the nucleic acids per cell (described,for convenience,
as amount per mother cell rather than daughter cells) did not correspond with changes
in sensitivity. There was a slight increase in DNA at the beginning of the first divi-
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sion process, but there was little or no change throughout the two actual divisions,
At the conclusion of meiosis, at the point of lowest sensitivity, the amount of DNA
increases again, This is interpreted to mean that before actual division begins, DNA
is manufactured by the cell for the two divisions to come., DNA synthesis then stops
while the divisions are taking place and begins again at the close of meiosis in prep-
aration for the future (third) mitotic division, PNA, on the other hand, was not ob-
served to increase at the beginning of meiosis; it remained constant throughout, but
increased, like DNA, at the end of meiosis.

There is no correlation between the amount of nucleic acid per cell and sensi-
tivity., This is important, because it means that the mechanism of fragmentation
must depend on a more subtle factor than just the amount of target substance present,
What is significant, however, is the fact that the periods of increasing sensitivity
appear to be those where synthesis of DNA (gene substance?) is taking place.

Another approach to the problem of how chromosomes are broken by X-rays is
being attempted by studying the behavior of DNA in living and fixed cells and in solu=-
tion, when irradiated by X-rays. This is being done cytochemically, where the quanti-
tative analysis and even the molecular structure of nucleic acid in single selected cells
can be studied. Apparatus and methods have been devised whereby amounts of sub-
stance in the order of 1012 gm can be studied. It is too early to discuss the results
of these experiments, but it is expected that they will reveal important information
about the chemical and molecular construction of chromosomes and the way in which
radiations bring about changes in them.

Since the explosion of the atomic bomb at Hiroshima, the public has become in-
creasingly aware that radiation is harmful to living organisms, including humans.
Radiation has two definite effects: to damage the organism itself or to produce mu-
tations, many of them harmful to the germ plasm of the exposed individual. For the
past year, an attempt to measure just how much radiation is required to produce
harmful effects, either to the individual or the germ plasm, has been under way.

One of the materials being studied intensively is corn, because more is known
about the genetics and cytology of corn than for any other crop plant. The radiation
used was continuous gamma radiation from a Ccob0 source placed in the center of a
three-acre field, Plants were grown in concentric circles around the source at inter-
vals of 1 m. The nearest row of plants was 2 m from the source and the farthest one
was 38 m. The dosage ranged from 5 r/hr near the center to approximately 1 r for
a period of 3 days at the 38 m row, the last one planted.

The results showed no apparent damage to the growing plants in any of the rows,
whether near the source or not. The row nearest the source (2 m) which received
more than 4000 r during the growing period showed no visible damage. The lethal
dose for most animals is considered to be less than 1000 r.

The germ cells, however, apparently can be changed with much less radiation.
Mutations were secured from all of the different circles, the farthest one from the
source having received only about 14 r for the whole season. Most of the mutations
were for kernel characters in corn, starchy to sugary, colored to colorless, plump
to shrunken, and purple to red color. In some cases, the mutation rate was more
than 100 times the spontaneous rate. Work is in progress to determine these rates
more exactly, using a larger number of seeds. Last year, counts were based on
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Figure 3. Aerial view of the radiation field and other experimental plots. The radiation field
is at the left. Barley growing in the corners of the field gives it an hexagonal appearance.

Corn will occupy the largest area, but near the center, where radiation is highest, many other
plants will be grown, e.g., potatoes, tomatoes, lilies, Tradescantia, tobacco, Lespedeza, snap-

dragons, etc.

Figure 4 (Right). This seed chamber is constructed to
fit around the pipe in the “gamma"” field which contains
the radioactive cobalt source. The embryo portions of
the seeds receive about 6100 r/hr.
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50,000 seeds, whereas this year we expect to have several million,

In addition to seed characters studied last year, mutations to such plant charac-
ters as the reduced stalk gene -- one which shortens the corn stalk, thus producing
a more efficient grain-producing plant -- are being looked for. If such a gene can be
produced by exposing the different inbred lines to gamma radiation, the breeding
program of short corn would be speeded up materially,

As a supplement to our own work, plants are being grown in the radiation field
for several investigators who are interested in certain specific mutations. In addition
to growing crops for these investigators, space is being provided in our radiation area
for the Plant Pathology Department, Connecticut Agricultural Experiment Station, New
Haven. They are studying parasite-host relationships under radiation and have just
found that crown gall in tomatoes can be retarded and perhaps destroyed without
killing the host plant,

The chemical test for viability, devised by Lakon in Germany many years ago, has
been used sucessfully to detect the effect of extremely high and low temperatureson
seeds of various types. In these experiments, the harshlytreated seeds lose the ability
to stain in a solution of triphenyltetrazolium chloride, In view of these results, it was
of interest to determine whether radiation damage to seeds could be detected also by
means of this dye test. Accordingly, corn seeds were exposed to various doses of
gamma radiation up to approximately 130,000 r. Even with these relatively large
doses, the seeds still gave a positive test for viability using the triphenyltetrazolium
method. It is of interest to note, however, that even at much lower doses of radiation,
the growth of seeds in markedly reduced. Thus, seeds having a moisture content of
about 35% when given 15,000 r are unable to grow as well as unirradiated seeds and in
many cases die in the seedling stage. It appears that the dye method is not a satis~
factory method for detecting radiation damage to seeds,

The chemical analyses of the sucrose in the stalks of the various lines of corn
under investigation are proceeding. In some lines, the sucrose content reaches a
maximum and then falls off as the ear is formed. In others, the sucrose continues to
increase. The factors controlling these differences are under investigation and an
attempt is being made to stabilize the high sucrose content genetically,

The genetic changes in bacterial cultures grown in radioactive phosphorus have
been shown to arise in part from radioactivity, and, more importantly, from the reac-
tion of the decaying atom. Both the geometry and metabolic versatility of bacteria
have been utilized to create a condition in which these effects were clearly separable.
The total ionization received by the cells in different media can be shown to be almost
identical experimentally, as well as by calculation, while the mutation rate varies with
the disintegrations of P32 jocated in the nucleoproteins. A mechanism is thus pre-
sented both for explaining the magnitude effect of internally absorbed unstable isotopes,
and also to indicate a chemical mechanism by which certain mutations are made mani-
fest. The pattern of genetic changes -- qualitative as well as quantitative -- is dis=-
tinguishably different from that produced by external radiation,

The design of these experiments requires the growth of bacteria in a field of
constant radiation. It was shown that this growth could be quite normal in a field
causing a great increase in mutation frequency. More recently, bacteria have also
been cultured in a field of an X-ray machine, where they grew well receiving 5000 r/hr
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for 10 hr,

From these and similar experiments it appears that while resting bacteria are
relatively sensitive to radiation, growing ones not only are more resistant, but re-
produce in a manner indistinguishable from unirradiated controls,

In the external (X-ray) experiments, it was shown also that total P does not in-
fluence the production of mutation by radiation. In the internal (P32-radiation) ex-
periments, it was only the change of total P which produced different mutation rates,
The experimental method of incorporating P32 in different amounts was thus found
valid,

The genetic change measured was the appearance of streptomycin resistance in
E. coli, Although there is evidence that this change always occurs at the same locus,
many physiologically different streptomycin resistance types were found. The
differences among the mutant types were related to growth and survival rate, and to
the requirement for a sensitivity to various levels of streptomycin, Under the influ-
ence of different mutagenic conditions, the proportionate type changes in a manner
to suggest either the selective productions of certain mutants or the interaction of
types with a culture. By being able to sort out the mutant types, it has been possible
to accurately describe the mutation rate (under background conditions) in the face of
the multiplicative origin of a large proportion of the mutants. On the basis of the
knowledge of this rate, it has been possible to devise rapid and accurate methods for
determining mutation rates and types.

In studying the interaction of mutant types, interest was focused on the phenom-
enon of streptomycin dependents, A certain proportion of mutants, whichare to some
extent resistant to streptomycin, also require it for growth and survival. Since it is-
the appearance of these types which varies with different radiation effects, it was
important to understand the metabolic nature of streptomycin dependents. It was soon
shown that even when a large concentration of the drug was required, no detectable
amount was actually utilized. In fact, none of the mutants destroyed or removed any
of the streptomycin from solution, whether or not they required it. The streptomycin
could then be recovered (after the growth of the mutants) and measured and finally
reintroduced to stimulate the growth of new streptomycin requiring cultures, No
trace substance -- organic or inorganic -- was found capable of replacing the strepto-
mycin in the requirement phenomenon. It was possible, however, to completely
destroy the antibiotic quality of the drug while still completely maintaining its growth-

stimulating effect,

In this way, a better understanding of the genetic effect of radioactive isotopes
is being obtained. The studies will be extended in order to explore the genetic effects
of atomic recoil by means of slow neutron (nuclear reactor) irradiations, The period
between a genetic change and its actual manifestation can be carefully studied by these
methods because of the rapid succession of bacterial generations and the immense
populations which may be tested, The variation in mutant types provides a tool for
the qualitative analysis of different mutagenic effects associated with radioactivity.
It will, however, be necessary to explore further the nature of bacterial genetics to
provide a basis for the understanding of these variations and interactions. Previously
obscure phenomena of bacterial genetics can now help to elucidate basic genetic

‘mechanisms,
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Tracer Studies of Biochemical Problems

During the past year, effort has been devoted to an attempt to clarify, by means
of radioactive phosphorus, the part played by certain phosphorus compounds in the
normal functioning of the liver. These compounds are part of what is called the
phosphorylation cycle, and are known to be important in the metabolism of sugars by
the body cells. One of these compounds, adenosine triphosphate, usually referred to
as ATP, is known to be concerned with the metabolism of fats as well as sugars.
There is some evidence that it also plays a part in the metabolism of proteins, the
other of the three great classes of foodstuffs,.

The experiments were carried out on rats of two genetically different strains,
It was found that the rate at which this substance ATP is formed in the liver is very
rapid, as would be expected of a compound that is so important in the metabolic
activities of this organ. An entirely unexpected finding was that the rate at which this
substance is formed is about twice as great in one strain of animals as in the other.
Another of these phosphorus compounds is glucose-1-phosphate, which is considered
to be the first phosphorus compound formed from glucose. The sugar of this com-
pound, which is the most important one found in the free state in the animal body, is
also formed at twice the rate in the one strain as in the other. It is not known yet
just what the significance of this difference in the rate of formation of these two com-
pounds in the livers of the two strains of animals may be.

The use of tracer isotopes offers the only way of finding out the rates at which
processes such as these take place in the living animal. The amounts of each sub-
stance present do not undergo any detectable change during the period of the experi-
ment; the animal is in what is called the “steady state™ with respect to them.

The observations made are consistent with the hypothesis that these two com-
pounds, ATP and glucose-1-phosphate, are formed on the surface of the cell, utilizing
the inorganic phosphate that is present in the blood plasma.

Experiments are under way to study the effect of diabetes on the rates at which
these various phosphorus compounds are formed and break down. Diabetes is a con-~
dition in which the ability of the body to use sugars for food is very greatly impaired,
and it might, therefore, be expected that there would be some disturbance in the
relations between these phosphorus compounds in this condition. The diabetes is
produced by injecting the drug alloxan, which specifically destroys the cells in the
pancreas, which secretes insulin, the hormone which is most important in enabling the
body to use sugars. It is also planned to study the way in which insulin affects the
rate of formation of these phosphorus compounds and the relations between them in
the liver of the diabetic animal.

There is evidence from various lines of experiment which indicates that radiation
acts to interfere with certain of the reactions of the phosphorylation cycle. It is
planned to study the effects of radiation on the rates of formation and the interrela-
tions between these phosphorus compounds in the liver of the animal subjected to

whole body radiation,

Another experiment carried out during the past year was a study of the fate of
tracer phosphate injected directly into the cerebrospinal fluid, the watery liquid which
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bathes the brain and the spinal cord. This fluid is secreted by the cells of the
choroid plexus, structures lying within the ventricles, cavities within the brain sub-
stance, The fluid of the ventricles passes into the space surrounding the brain and
cord, and is absorbed into the blood vessels of the pia and arachnoid, the delicate
membranes which cover the brain surface., It has long been known that the blood
capillaries within the brain substance itself, unlike those elsewhere in the body, do
not permit the free passage of negatively charged ions such as phosphate. Conse-
quently, the only way in which phosphate from the blood stream can get to the brain
substance is by way of secretion by the choroid plexus into the cerebrospinal fluid.
Early experiments have shown that when the tracer is injected directly into the blood
stream, only a very minute amount finds its way into the ATP and other phosphorus
compounds of the brain. From this result the conclusion was drawn that these
phosphorus compounds in brain turned over at a very low rate. In the present ex-
periments, when the tracer was injected directly into the cerebrospinal fluid, by~
passing the capillaries in the brain substance, there was a very rapid exchange
between the phosphate in the fluid and the ATP and phosphocreatine, another phos-
phorus compound, in the brain substance. Also, more than half of the injected tracer
was absorbed into the blood stream from the cerebrospinal fluid within a few hours

after the injection,

Two methods were used to determine how much of the tracer was absorbed into
the blood stream. One was to compare the amounts of P32 jn the blood plasma at
different times after the tracer was injected into the cerebrospinal fluid with the
amounts present there at the same time intervals after the tracer was injected
directly into the blood stream. The other was to compare the rates at which the
tracer moved into the ATP and phosphocreatine of the muscles from the two methods
of injection. This second comparison showed that the rate at which the ATP and
phosphocreatine of the brain exchange with the phosphate of the fluids surrounding
the cells is higher in brain than in muscle, even though the phosphate has to follow
a roundabout pathway from the blood stream to reach the fluids surrounding the
brain cells, while in the case of the muscles the pathway for exchange is a direct one,.

On the basis of some in vitro incubation experiments, it was reported a few
years ago that when iron is added to mammalian blood it is not able to penetrate the
red cell. On the basis of these and similar experiments, it has been postulated that
the iron in hemoglobin is added to the erythrocyte at a very early state in its develop-
ment, The mature red cells in the blood of birds are nucleated and correspond to
immature erythrocytes in humans. It was suggested that if no iron transfer takes
place during in vitro incubation of duck blood, that this would be additional evidence
for the theory of hemoglobin synthesis at the time of erythrocyte formation., On the
contrary, it has been found that as much as 20% of the iron (either radioactive Fe59
or Fe55), added as ferric ammonium citrate, is transferred into the duck erythrocyte
in 6 hr and cannot be removed by repeated washings. For comparative purposes,
similar studies were completed using pigeon, rat, dog, and human blood. The amount
of iron transferred decreased in the order named, the pigeon data showing about equal
transfer with that of the duck while human transfer was of the order of 1 - 3%. Very
recently it has been reported that immature human red cells (reticulocytes) do accu-
mulate iron on incubation.

In order to prove: (a) that the process involved depends upon a biological sys-
temn and is not simple diffusion; and (b) whether or not the newly accumulated iron is
in the form of hemoglobin, a number of experiments employing duck blood either have
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been or are in process of completion., Relative to (a) it has been found that addition
of sodium cyanide in concentration as low as ,005 molar inhibits the iron transfer
completely; lowering the temperature of incubation from 37° C to about 5° C partially
inhibits it. Simple diffusion probably would not have been affected by cyanide or
temperature change. Also in a preliminary double tracer experiment, the hemo-
globin in the red cells was tagged with Fe>39 following its injection into the duck, while
Fe55 was added to the blood taken from the duck after it was placed in a flask, It
was found that the Fe>> entered the red cells on incubation but practically none of

the Fed®9 came out. Thus, the process does not appear to involve exchange. It was
also found that 95% of the total blood is removed from the rat carcass by perfusion,
but, as is obvious from the above fractions, the remaining 5% is unevenly distributed.

It has recently been reported that erythropoiesis (red cell formation) is measur-
ably affected by as little as 5 r of whole body X-radiation, Inapreliminaryexperiment
employing 150 r, we have confirmed this finding, The technique consists of irradiation
followed by injection of radioiron 24 hr later. The rate and level of the appearance
of radioiron in the red cells is then followed as a function of time. Radiation depres-
ses both rate and level. It is planned to utilize the tool of iron incorporation to meas-
ure the change in erythropoiesis as a function of radiation from internal sources such
as Na24, P32, and Coé’o.

Radioiron can be most useful in clinical research but there is hesitation to per-
mit its use because it is a bone seeker, has a long half-life, and is not excreted. There
are two radioactive iron isotopes: Fe59, whose half-life is 44 days, and Fe55, whose
half-life is 4 yr. A method has been developed for measuring the radiations from
either isotope in a mixture of the two. By using the one isotope as a radiation source
and the other as a tracer, it is planned to measure the effect of radiation from iron
upon erythropoiesis as a function of dose and time,

On the basis of studies carried out principally in dogs and humans there is
general agreement that iron in the body -- in contradistinction to iron in the gastro-
intestinal tract -- is very efficiently conserved. In addition, it appears that all the
various iron compounds in the body are not in equilibrium with each other. This con-
clusion is based on the following experiment: a number of rats were injected intra-
peritoneally with radioactive iron in the form of ferric ammonium citrate. These
animals were sacrificed periodically and the ratio of radicactivity to iron isolated
from a variety of tissues determined. After 165 days, uniform ratios had not yet

been attained.

It has been suggested that under normal conditions the iron in the body is restric-
ted to several “compartments.” Thus, iron from one compartment exchanges very
slowly with that from another compartment. To test this hypothesis we injected a
rat with radioiron (Fe55) and waited until he had used it to build new tagged erythro-
cytes. Blood from this rat, containing a known amount of radioactivity, principally
in the red cells, was transfused into a number of other rats. The radioactivity is
now restricted to the red cell compartment, The recipients are being sacrificed
periodically, perfused to remove residual blood, and the radioactivity of the various
tissues measured. This problem is continuing. It is too early to say whether or not
significant amounts of iron can be found outside the erythrocyte cycle.

Creation of oxidizing substances is one considerable effect of radiation on aqueous
solutions. One of the most easily oxidizable groups in various biological compounds
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is the sulfhydryl, i.e., sulfur attached to one hydrogen. The effect of radiation on
certain biological material, e.g., many enzymes, is explained by oxidation of sulfhy-
dryl groups. However, shortly after irradiation, no appreciable change in total
sulfhydryl groups in blood occurs, although there is some inactivation of enzymes
dependent on sulfhydryl groups for activity. This raises the question as to whether
the decrease in enzyme activity that follows irradiation of the whole animal is refer-
rable to the oxidizing effect of the radiation,

Two methods exist for the synthesis of Cl4-labeled compounds: (1) classical
chemical methods, and (2) biosynthesis or the use of living organisms as the synthe-
sizer. Ingeneral, our object has been to make Cl4-labeled compounds biosynthetically.

This has been carried out by taking advantage of the process of photosynthesis,
which is a reaction occurring in green plants whereby carbon dioxide is converted to
sugars and subsequently to all other compounds in the presence of sunlight. If one
substitutes radioactive C14 carbon dioxide for normal carbon dioxide, sugars con-
taining the radioactive isotope are synthesized. Using such a procedure, we have
synthesized fructose, glucose, sucrose, and starch containing C14. These compounds
have proved useful both in the investigation of carbohydrate metabolism in animals
and also in chemical reaction mechanism problems, C14-g1ucose was used to synthe-
size radioactive vitamin C. This radioactive vitamin will be used to investigate the
use of this essential compound in plant and animal metabolism, From this work,
enough of the purified sugars have been accumulated to supply some 25 groups with
materials for other programs in a wide variety of fields,

The studies being carried on at the Laboratory are directed primarily towards
the elucidation of the CO, fixation reactions in higher plants and in microorganisms.
The studies are being carried on both in vivo and in vitro, with more or less purifica-
tion of the enzyme systems responsible for the intraconversions of the various carbon
compounds. Great effort is being expended in the development and refinement of vari-
ous possible degradation reactions by which tagged compounds produced by the plants
are recognized, To state with certainty the course of chemical reactions, the specific
activities of all the carbon atoms in the components of the reaction mixture must be
determined with great precision, Many of the possible degradation reactions are still
imperfectly understood and these must be investigated before some of the major prob-
lems can be solved. Technical details of these investigations have been and will con-
tinue to be reported in the appropriate scientific journals.

The processes by which radioactive carbon atoms are detected in body tissues
and in excretions are still relatively new and subject to much improvement. Each
improvement in these processes makes new experiments possible, especially when
the improvement means that a smaller amount of radioactivity can be measured.
There are two reasons for this, First, some interesting radioactive compounds are
so hard to obtain that only extremely small amounts are available for administration
to animals, Second, the use of radioactive carbon in tests with human patients may
become an allowable procedure if small enough amounts of radioactivity can be admin-
istered and later detected. Using a new counting method devised earlier at the Labora-
tory, a method of detecting radioactive carbon atoms in body tissues and excretions
has been worked out, which is fifty times as sensitive as the methods previously in

use.
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Now that this method is available, it is possible to use radiocactive vitamin C,
prepared in cooperation with the Chemistry Department, in feeding experiments with
small animals. The purpose of these experiments is to find out more about what
happens to vitamin C in the body, and what its function is in the body machinery. The
first few of these experiments have been done, but it is too early to draw any conclu-
sions from the results obtained. Meanwhile, work has continued on an earlier prob-
lem -- namely, what happens to the carbon atoms of sugar when fed to animals. The
sugar used was also prepared by the Biology Department by photosynthesizing plant
leaves exposed to radioactive carbon dioxide,

It has been found that the sugar carbon atoms are selectively burned and excre-
ted as carbondioxide muchmore rapidly after feeding than was formerly presumed
to be the case, With some truth it might be said that sugar is fattening, more because
it substitutes for body carbon atoms that would otherwise be burned than because its
atoms become converted to body carbon. Some of its atoms do become so converted,
of course, and the location of these in the body is being studied over several weeks
following the feeding.

There are several reasons why the location of these carbon atoms is important
to know, First, one wishes to know what parts of the body are very slow in turning
over their stocks of carbon atoms. This has to do with the effects of radiation to be
expected in the various tissues and is connected with the possible use of radiocarbon
in human patients which was mentioned earlier, Second, there are things such as the
vitamins and the so-called essential amino acids which cannot be constructed by the
body, at least not completely, so that they have to be included in the diet if one is to
stay healthy. Now it may be that there are only a few steps in the construction of
these compounds which the body fails to carry out. If so, this will be revealed when
radiocarbon appears in such compounds as they are isolated from the bodies of experi-
mental animals after feeding radioactive sucrose. If we find out what steps in construc-
tion are the ones the animal fails to carry out, this may point the way to understanding
certain diseases in which normally present steps of construction may fail to be
carried out in addition. It would also be interesting, and, likely, of importance, to
know why plants and lower forms of animal life are able to complete these structures,
whereas humans and other higher animals cannot do so.

In the past year work has continued on several phases of the general problem
of mineral uptake and accumulation by organisms. For comparison with hornets,
whose barium and manganese metabolism has been studied in considerable detail,
the uptake and distribution of barium by ants was investigated. As expected, very
substantial similarities were found between the two closely related groups. As
manganese studies in hornets had shown, barium studies in ants revealed a difference
in food regimen among the various castes. In ants, the larvae differ from all the other
castes examined. It is becoming increasingly evident that radioactive tracers are
indispensible tools in studying the relationships within insect societies, whose make-up
differs most instructively from ours.

Since, in connections described below, the iron metabolism of Drosophila, the
fruit fly, was being examined, these creatures were selected to provide a second, less
closely related organism, to compare with hornets in respect to barium metabolism,
Accumulation of the element was found to be rapid, but the histological and physiologi-
cal details are strikingly different. The biology of Drosophila is so closely bound up
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with that of the yeasts on which they feed that it is proving necessary to examine

the metabolism by yeast of our strain of both barium and lanthanum. At this pre-
liminary stage it appears that the yeasts selectively reject barium, while accumula-
ting lanthanum., This, should it be confirmed, will be quite surprising, and will also
provide us with a new tool for ascertaining the quantitative relative importance, in
Drosophila nutrition, of the yeast cells and of the medium on which both grow.

The extended examination of the iron metabolism of larvae of six different
species of Drosophila has almost completed its experiment phase. Since this has
produced a few thousand slides, both serial autoradiographs and stained preparations,
the complete assembly of the data will require considerable additional time., Enough
information is now at hand to satisfy the main purpose of the study, and to ascertain
whether the histochemical iron stains which have been found by D.F. Poulson,
indicating clear differences among the various species, can be used reliably as indi-
cators of fundamental iron physiology. As expected, the staining reactions do not
appear to yield reliable information of the metabolism of iron, This is a point of
very real importance, since in insect physiology the classical method of finding
regions of absorption in the intestine has been feeding iron and then staining, It is
evident that most of the descriptions based on this must now be re-evaluated.

In the interstices of the work described above, a program of mineral analysis of
marine sponges has been pursued. This study has real practical interest in connec-
tion with the cycles of the various trace elements in the sea, now being considered
in connection with marine disposal of radioactive waste products. It is also of great
fundamental importance in comparative biochemistry, since other workers are study-
ing, on the same material, the various organic fractions so that one may hope to find
correlations between organic and inorganic constituents, In the plant kingdom, many
of the most bizarre and instructive phenomena of mineral nutrition have turned up in
the lower forms, and it is hoped that this will prove equally true of the animals. As
data accumulate, it is planned to supplement this program with tracer studies.

Tracer investigations have been made of the uptake and transfer of iodine,
phosphorus, and iron by various typical fresh water organisms. The main purpose
of this study, still being pursued, is to find short-lived radioisotopes whose move-
ments in nature may be used as indicators of the movements of carbon, for which
no suitable isotope is available. Although no success has yet been achieved in this
direction, information of real biological value has been obtained. It is reasonable
to mention, out of this body of data, that iodine metabolism by Cladocera, minute
aquatic relatives of the lobster, appears to differ greatly from that known for in-
sects and some aquatic worms and mollusks., Also, it appears that Cladocera and
two species of aquatic insect larvae, contrary to expectation, have no mechanism for
the conservation of iron, which has been described as a limiting nutrient for some

other plankton species.
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MEDICINE

Due to a redistribution of Laboratory operating funds, the Department’s personnel
expansion program was retarded during the past 6 months, However, plans are now
under way to acquire the scheduled number of personnel.

As of June 30, 1950, personnel on full or part-time duty in the Medical Depart-
ment numbered 73, as compared with 63 on December 31, 1949, and 44 on June 30,
1949, At present, the staff includes 9 full-time physicians, 5 of whom are senior
members, 2 full-time medical scientists, 1 of whom is a senior staff member, and
3 part-time physicians, of whom 2 are medical examiners and 1 is a roentgenologist.
In addition, 1 physician is on leave of absence because of illness. One year ago there
were 5 full-time physicians, of whom 4 were in the Division of Industrial Medicine
which at present has but 2. On June 30, 1949, of the total 44 employees on duty in the
Department, 38 employees were in the Divisions of Industrial Medicine and the Hos-
pital, 4 were in the Division of Pathology, and 2 were in the Division of Biochemistry.

The position of hospital administrator was abolished on March 1. The duties of
the administrator were divided among the various supervisory personnel in the De-
partment; thus far, operations have continued at a high level of efficiency. At the
same time, many operations were decentralized. Each division maintained its own
inventory instead of utilizing the pharmacy as a stock room., This resulted in a sav-
ing of 1 full-time person and a definite increase in efficiency, since the user always
knows the status of the stock of materials he is using.

This report period has seen the attainment of the objectives of the Department’s
first stage of operations. These objectives were to complete organizational develop-
ment, to train a nucleus of personnel in the methods and procedures to be followed, .
and to lay the groundwork for investigations of long-term character concerning the
biological effects of radiation.

Division of the Hospital

On December 27, 1949, the hospital celebrated the first anniversary of operation,
and on March 29, 1950, it celebrated the first anniversary of the admission of the
first research patient. During the present fiscal year the hospital has shown a
steady and gratifying growth, Patients have been admitted from New York, California,
Georgia, Illinois, and Virginia, as well as the neighboring states of New Jersey,
Pennsylvania, Maryland, and Connecticut. On January 9, 1950, the children’s ward
was opened, since all present bed space was occupied and sufficient personnel had
been trained to permit us to open a ward for children. Within a month, all 8 children’s
beds were occupied and have remained so., At present, additional beds for children
are on order to bring these up to a total of 14 so that the ward may be fully equipped.,

During the last quarter of the year, operations were at near capacity and it was
obvious that preparations must be made to obtain and train personnel for a third
l4-bed ward., When this ward is opened, it will finally bring into use all the hospital »
facilities with which the Laboratory is presently provided. It remains the policy of
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the hospital to reserve at all times a few beds for the use of employees, whether or
not there are any actual patients. Our experience of the past 2 years suggests that 4
beds for adults will be sufficient for this purpose.

All activities relating to the patients' social welfare, recreation, and education
have been centered under the occupational therapist. This section has had a very
large growth in responsibilities during the review period. This can best be exem-
plified by citing the number of patient activities in the occupational therapy shop.
From August 1, 1949, when the occupational therapist joined the staff, to December
31, 1949, there were a total of 239 shop activities in which 1 patient working in the
shop for any period of time is taken as a unit. The total number of hours work in the
shop was 108; the average per patient per day was one hour. From January 1, 1950
to June 30, 1950, there were 916 shop activities. A further increase in hours will be
noted from a description of activities given below. In January 1950, an occupational
therapy program was started on the children's ward (ages 2 - 5 years). A play
therapy group was held every morning from 10:00 to 11:30 a.m. wherein the children
carried on various activities such as drawing, modeling clay, cutting out figures and
pasting, playing rhythm band instruments, and just playing. This has turned out
to be a most successful activity. At the same time, a daily schedule was set up for
adult female patients from 1:00 to 3:00 p.m., and for male patients from 3:00 to
5:00 p.m. These were well attended by the patients. Beginning in March, the Sayville
Chapter of the American Red Cross completed arrangements for a group of Grey
Ladies to come to the hospital two afternoons a week to assist in the patients’ recre-
ation and welfare. Games were conducted for adults and children and a weekly class
in typing was begun for school-age patients. Recreation was provided by the Young
Peoples Fellowship Group from Christ Church, Episcopal, at Bellport. This group
came regularly one evening a week beginning December, 1949, to show movies to the
patients. When the warm spring weather was expected, a flower and vegetable garden
was started by the patients; equipment was obtained for shuffleboard, clock golf, and
croquet. These could be played on the grounds adjacent to the hospital. A piano was
obtained for a very nominal sum for those patients who can play and for patient enter-
tainment. These ancillary services to patients are exceedingly important as a part of
their total care and well-being. In this hospital, the patients remain completely re-
moved from their families and their normal social and entertainment contacts for
considerable periods of time. Visitors are few and relatively infrequent because of
expense and distance. In order to maintain the psychological well-being of our
patients and their ready psychological acceptance of the new treatments, it is abso-
lutely necessary that some substitute be offered for those activities which are cut off,
To date our program has been most successful, hampered only by limitations of space
and accessibility, This small program, carried out at a very small cost, has added
greatly to the patients’ contentment and well-being, and has thereby enabled us to
carry out numerous observations which otherwise would have been impossible.

Statistics for the patients in the hospital are shown in Table 1, It will be noted
that the increase in research patient days for the last six months of this fiscal year
is just over 100%, whereas the nonresearch patient days for this period show a de-
crease of 55%, due largely to the discharge of two chronically ill employee patients.

Research patients during this period comprised those with carcinoma of the thy-
roid, Graves’ disease, leukemia, and the nephrotic syndrome in young children. Dur-
ing the interval, the patients have been increasingly utilized for investigational work
bearing on problems associated with radioactive isotopes. In general, this had
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developed after the organization of the laboratory to dilute and measure isotopes, as
noted in the report for the Division of Biochemistry., Treatment of the thyroid
patients has been with 1131 throughout the period. All of the patients with carcinoma
were thyroidectomized surgically before treatment with radioactive iodine was begun,
In each of these patients, it is necessary to stimulate the tumor with thiouracil or
thiouracil and thyrotropic hormone to cause it to take up the iodine satisfactorily. At
the present time, in some patients therapeutic doses can be given at long intervals
only, and a new approach to treatment in these patients is needed urgently. Work on
this aspect is planned for the next interval. In the patients under observation for the
past year, there is no evidence to suggest that a near cure has been effected. In
some, there is a suggestion of control of the growth of the tumor following the repeat-
ed radiation, but this, as noted above, cannot now be given frequently enough to fully
control the cancer. The easy optimism which has been broadcast in the popular
press in regard to treatment of patients with thyroid carcinoma finds no support in
the cold facts obtained by our observation. There can be no question of the value and
worthwhileness of this therapy to these individuals, and for some surcease from the
disease, radioiodine is irreplaceable. The goals reached by it are, however, limited
and these limits must become generally known by the public as well as the profession
if the best results are to be obtained,

Table 1

Hospital Statistics

Jan. 1~ July 1- Jan, 1~
Dec, | June 30, | Fiscal | Dec. 31, | June 30, | Fiscal
Patient Days 1948 1949 1949 1949 1950 1950
Research 0 423%% 423 1208 2551 3759
Employees
occupational 0 81 81 0 0 0
nonoccupational 6% 220 226 180 71 257
dependents 0 46 46 26 61 87
Total 6 770 776 1414 2689 4103

*First patient admitted December 27, 1948.
**First research patient admitted March 29, 1949.

In the patients with Graves' disease, the use of radioiodine has permitted us to
achieve a reduction in gland function which could not be sought surgically for these
individuals. In each instance the result has been gratifying. The experience in
handling isotopes for use in this group of patients has greatly expedited training of the
professional staff of the Hospital. While radioiodine is an effective thyroidectomizing
agent, it is our belief that it should not be the method of choice in treatment of patients
with Graves' disease because of the as yet not evaluated hazards of radioiodine over a

long period.




Figure 1. Section of shell being removed from a chicken egg to
provide a window for the injection of virus to the embryo.

Figure 2. Radiation count being taken on a thyroid patient in the
Laboratory Hospital counting room.,
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During the latter part of the review period, it was possible to begin studies in the
distribution of body sodium and rates of equilibration of Na24 in young edematous
children with the nephrotic syndrome. 'During this time, the studies made on these
children were preliminary. However, they were extensive enough to yield informa-
tion of some theoretical interest and to enable us to modify the procedures in such a
manner that further studies can be done. In each instance, a very small dose of the
14.8-hour half-life isotope was given on the order of 5 uc per kg of body weight. Cal=~
culations indicate that the total radiation from such a dose, which is in fact evenly
distributed in the body extracellular fluids, would radiate less than the tolerance dose
during its period in the body. In dealing with the children, extraordinary precautions
are taken to insure absolute safety at all times. The information to be obtained by
this study is of very considerable importance and has an immediate application in the
drug dosage and manner of administration to these children when they are stricken
with bacteremia and peritonitis, all too often fatal. It will permit certain observa-
tions also to be made of the nature of the kidney lesion which so frequently progresses
to complete loss of function and death.

A counting room has been set up to do in vivo counting in patients so that both the
take=up of various lesions can be determined as well as scanning for new lesions
carried out. Some improvements in the equipment and set-up are planned for the near
future.

Additional nurses, orderlies, matrons, and kitchen assistants are needed greatly
at this time to take care of the increased work load as represented by the increase in
hospital days for this period.

Division of Industrial Medicine

As of June 30, 1950, personnel of the Division comprised 2 full-time physicians,
4 part-time physicians, of whom 3 are medical examiners and 1 is a roentgenologist,
9 technical staff members which includes 3 registered nurses, 3 clerical staff mem-=-
bers, and 2 service staff members for a total of 20 as compared to 16 one year ago.
After the start-up of the reactor, the routine examinations will increase and 2 addi-
tional full-time physicians will be required.

Personnel visits to the clinic have remained quite steady during the year and it is
believed now that demands for this service can be predicted quite accurately. Special
examinations will increase as the reactor becomes operative. These will be conduc-
ted as a precautionary measure. Statistics on clinic visits are shown in Table 2.

The clinic laboratory has carried out all the hematology for the hospital during
this period. The number of technicians in the clinic laboratory dropped to 3 during
one 6-week period due to the absence of one tech